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TECHNICAL SUMMARY 
 
This revised Remedial Investigation Report (RIR), dated November 2008, represents a revision and 
supersedes the original Former Harshaw Chemical Site Remedial Investigation - Remedial Investigation 
Report, Revision 0 (September 22, 2006) completed for Phase I and Phase II of the remedial 
investigation (RI).  This version of the report incorporates Phase III and Phase IV data collection 
activities and an updated Baseline Risk Assessment (BRA). 
 
A RI has been performed at the Former Harshaw Chemical Site in accordance with the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA) under the Formerly Utilized Sites 
Remedial Action Program (FUSRAP).  Science Applications International Corporation (SAIC) has been 
contracted by the United States Army Corps of Engineers (USACE) - Buffalo District to complete RI 
reporting activities and to provide technical support as the project moves forward. 
 
This RIR was developed to present the results of the Former Harshaw Chemical Site RI field data collection 
program conducted on behalf of the USACE from April 2003 through July 2007.  The RI field data 
collection program consisted of four primary phases comprised of multiple field mobilization periods.  The 
initial field data collection phases of the RI (Phases I and II) were completed by Parsons and SAIC, herein 
referred to as the Parsons Team.  The later field data collection phases of the RI (Phases III and IV) were 
completed by SAIC and USACE.  Development of this RIR was completed by SAIC and its subcontractors 
(herein referred to as the SAIC Team), Argonne National Laboratory (ANL), and by the USACE - Buffalo 
District. 
 
TS.1   INTRODUCTION 
 
The Former Harshaw Chemical Site is located at 1000 Harvard Avenue in Cleveland, Ohio, located 
approximately 3 miles south of downtown Cleveland.  The site is located adjacent to the Cuyahoga River and 
Big Creek within an industrialized area in Cuyahoga County. 
 

 
 
The site consists of approximately 55 acres and includes several developed and undeveloped land parcels 
located near the intersection of Harvard Avenue and Jennings Road.  Developed site parcels include former 
production areas with remaining facility buildings, former production area foundations, parking areas 
associated with previously demolished buildings, and re-developed privately-owned commercial properties. 
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The Harshaw Chemical Company (HCC) conducted chemical and radiological compound research and 
production activities under contract to the Manhattan Engineer District (MED) and the Atomic Energy 
Commission (AEC) from 1942 through 1959.  The primary radiological production process conducted under 
government contract involved the refining of uranium oxide feed material to produce numerous uranium-
based materials. 
 
TS.1.1  Remedial Investigation Overview and Scope 
 
The USACE - Buffalo District completed a Preliminary Assessment (PA) for the Former Harshaw Chemical 
Site in April 2001.  The PA concluded that although there was no imminent threat to human health or the 
environment, the site should undergo further investigation. The USACE - Buffalo District contracted with 
the Parsons Team in September 2001 to perform an RI and to determine the nature and extent of 
contamination related to MED/AEC activities at the site.  Efforts conducted during the Former Harshaw 
Chemical Site RI included the following planning, non-intrusive and intrusive field data collection phases: 
 

RI Phase  Summary of Activities 
Initial Planning and Records Review • Project Work Plan 

• Quality Control Plan 
• Historical records review 
• Technical Project Planning 
• Data Quality Objective development 
• Sampling and Analysis Plan development 

Non-Intrusive Field Work • Conducted October 2002 
• Site clearing 
• Geophysical investigation 
• Gamma walkover surveys 

Intrusive Field Work - Phase I • Conducted April - December 2003 
• Environmental sampling 
• Building radiation surveys 
• General site characterization 

Intrusive Field Work - Phase II • Conducted May - December 2004 
• Environmental sampling 
• Building radiation surveys 
• General site characterization 

Intrusive Field Work - Phase III • Conducted November - December 2006 
• Historical photograph analysis 
• Environmental sampling 
• Archived sample analyses 
• XRF field analysis evaluation 

Intrusive Field Work - Phase IV • Conducted July 2007 
• Environmental sampling 
• Archived sample analyses 

 XRF – x-ray fluorescence 
 
A total of ten distinct Investigative Areas (IAs) were established to provide a common terminology for use in 
the planning and execution of activities throughout the RI.  Each IA is associated with a specific 
environmental medium, and the boundaries are based on geographic and infrastructure features.  The 
following table summarizes the ten IAs and provides a brief description of each: 
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Investigative Area  Description 
IA01: Building G-1  Building structure 

IA02: Other Existing Buildings  Garage, Foundry, Warehouse, Boiler House, and Scale House structures 
IA03: Building G-1 Soil  Adjacent to and beneath Building G-1 (including north of the railroad) 
IA04: Northside Complex Soil  North of Harvard Avenue/west of Cuyahoga River (outside IA03) 
IA05: Southside Complex Soil  South of Harvard Avenue/east of railroad/north of Big Creek/west of 

Cuyahoga River 
IA06: Eastside Soil  East of Cuyahoga River/north of Harvard Avenue 
IA07: Westside Soil  South of Harvard Avenue/east of Jennings Road/north of Bradley 

Road/west of railroad 
IA08: Surface Water and Sediment  Sediment and surface water within the Cuyahoga River and Big Creek 
IA09: Sewers and Drains  Sewers, drains, and outfalls from the Northside and Southside complexes 
IA10: Groundwater  Unconsolidated saturated zone north of Big Creek and west of the 

Cuyahoga River 
 
The location and approximate boundary for each IA are shown below: 
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The Conceptual Site Model (CSM) helps to identify and visually organize potential exposure pathways and 
receptors, and to identify those pathways which are complete and could lead to exposures to constituents of 
interest (COIs) at the site.  The following list summarizes the primary elements of the CSM: 
 
• Sources of contamination (historical site operations); 
• Potential release mechanisms; 
• Exposure media (e.g., air, soil, food, surface water, sediment, groundwater, and building surfaces); 
• Exposure routes (e.g., ingestion, inhalation, dermal contact); and 
• Potential receptors. 
 
The CSM for the Former Harshaw Chemical Site RI was originally created during the development of the 
Phase I RI sampling and analysis plan (SAP).  The original CSM identified surface soil and building material 
as the main source media for the site.  Surface soil was considered a source due to potential deposition of 
contamination from air stacks, dusts, and spills around Building G-1. Based on the results of the Phase I and 
Phase II field data collection program and additional historical document review, the CSM has been updated 
to more accurately represent observed site conditions and the extent of COI contamination.  It has done so by 
adding the contamination of deeper soil due to contaminated soil or wastes being buried or used as fill on-
site, and by accounting for the processing of significant quantities of recycled uranium during the latter years 
of site operation. 
 
Receptors may be exposed to constituents by contact with site media, or as the result of contaminant 
migration away from the source into other media.  Direct contact pathways represent exposure via direct 
contact with the source media.  The source media for the Former Harshaw Chemical Site include surface soil, 
total soil, and buildings.  For purposes of the RI BRA, the data used to develop the exposure point 
concentrations (EPCs) for the surface soil interval includes all samples taken within the top 2 feet (ft) of 
ground surface, while the EPCs for total soil includes all samples taken from the surface down to 13 ft below 
ground surface (bgs). 
 
It is probable that initial constituent releases at some locations of the site were restricted to surface soil, with 
various transport mechanisms leading to subsequent contamination of other environmental media such as 
groundwater, total soil, surface water, and sediments.  Specifically, past releases from Building G-1 air 
stacks may have resulted in contamination of surrounding surface soil.  In addition, deeper soil may have 
been contaminated when contaminated soil and wastes were buried and/or used as fill material on various 
portions of the site.  On-site buildings, especially Building G-1, also may be considered source media, and 
direct contact with building surfaces may continue as an exposure pathway. 
 
Exposure pathways that include constituent migration from a source media (surface soil) to a secondary 
media (air, total soil, food chain, surface water, sediments, or groundwater) resulting in exposure to a human 
receptor are referred to as indirect contact pathways.  Constituent transport mechanisms can potentially 
include the following as well as others: 
 
• Release of volatiles or dust with organic substances, radionuclides, or metals into the air; 
• Leaching of constituents from soil to groundwater; 
• Movement of material used as fill around the site; and  
• Release of contaminated soil particulates to stormwater run-off affecting sediments and surface water. 
 
TS.1.2  Remedial Investigation Authority 
 
FUSRAP was initiated in 1974 to identify, investigate, and clean up or control sites throughout the United 
States that were part of the early atomic energy program.  In October 1997, management of FUSRAP was 
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transferred from the United States Department of Energy (DOE) to USACE.  FUSRAP sites are investigated 
and remediated according to the requirements of CERCLA and other applicable Federal, state, and local 
regulations. 
 
Pursuant to a Memorandum of Understanding between the DOE and USACE signed in April of 1999, the 
DOE sent a letter to USACE indicating that the Former Harshaw Chemical Site was eligible for inclusion 
into FUSRAP.  Subsequent to that letter, USACE determined that contamination was present at the site that 
needed to be addressed and added the site to the FUSRAP program. 
 
The selection of project-specific COIs was based on their association with MED/AEC contracts, or their 
identification as facility products, process materials, or wastes.  Historical information collected during the 
records review and initial planning phase of the RI was reviewed to identify the COIs for Phase I of the RI 
field data collection program.  Thorium-230 was added as a radiological COI at the beginning of Phase II to 
allow for the evaluation of potential detections identified in Phase I gamma spectroscopy soil data.  
Additional historical process information obtained after the completion of Phase III resulted in the addition 
of radionuclides associated with the potential presence of recycled uranium in Phase IV.  Cesium-137 was 
added to the Phase IV analytical suite due to the detection of this radionuclide in gamma spectroscopy 
analyses during earlier RI phases. 
 
The following list includes all FUSRAP chemical and radiological COIs addressed during the Former 
Harshaw Chemical Site RI (originating RI phase shown in parentheses): 
 

 Metals 
(Phase I) 
(Phase I) 
(Phase I) 
 

 Lithium 
Molybdenum 
Total Uranium (Chemical Form) 

 Organics 
(Phase I) 
 

 Kerosene (total petroleum hydrocarbons-diesel range organics 
[TPH-DRO]) 

 Radionuclides  
(Phase I) 
(Phase I) 
(Phase I) 
(Phase I) 
 
(Phase I) 
(Phase I) 
(Phase I) 
(Phase I) 
 
(Phase I) 
(Phase I) 
(Phase I) 
(Phase II) 
(Phase II) 
(Phase II) 

 Thorium-232 (and daughters) 
• Thorium-232 
• Radium-228 +D 
• Thorium-228 +D 

 
Uranium-235 (and daughters) 
• Uranium-235 +D 
• Protactinium-231 
• Actinium-227 +D 

 
Uranium-238 (and daughters) 
• Uranium-238 +D 
• Uranium-234 
• Thorium-230 
• Radium-226 +D 
• Lead-210 +D     

 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 

 Technetium-99 
Europium-152 
Europium-154 
Uranium-233 
Uranium-236 
Plutonium-238 
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(Phase IV) 
(Phase IV) 
 

Plutonium-239 
Plutonium-240 
 

  Radionuclides (continued) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 

 Plutonium-241 (and daughters)  
• Americium-241 
• Neptunium-237 +D 

Cesium-137 
 
Total uranium is considered both a chemical COI, due to its toxicological properties and as a radiological 
COI, due to carcinogenic properties of the uranium isotopes. For uranium results (excluding chemical 
uranium for water), individual uranium isotopes are not presented; instead, total uranium is presented as 
calculated from gamma spectroscopy analyses (Section 6.0).  For radionuclides not measured directly a 
surrogate was assigned based on the conservative assumption that applicable radionuclides are present in 
equilibrium with their surrogate.  COIs represented by surrogates include: lead-210 (all matrices), thorium-
228 (soil and sediment only), and thorium-232 (soil and sediment only).  Because lead-210 was not measured 
directly for any matrix during the RI all discussions of lead-210 soil results are presented in conjunction with 
its surrogate (radium-226).  Thorium-228 and thorium-232 were measured directly for some matrices, 
however, the surrogate radium-228 is used where direct measurements are not available (soil and sediment 
only). 
 
Although mercury and nickel also were originally included as COIs in Phase I of the RI, they were 
subsequently removed as RI COIs.  The rationale for removing these metals as COIs is that there is no 
historical information clearly establishing that use and/or production of these materials at the site was 
conducted under MED/AEC contract.  In addition, Phase I sample results did not indicate nickel or mercury 
contamination collocated with the other MED/AEC-related COIs.   
 
TS.1.3  Remedial Investigation Goals and Objectives 
 
The Former Harshaw Chemical Site RI was conducted primarily to characterize the nature and extent of 
MED/AEC-related radiological and chemical contamination, and to evaluate associated potential risks to 
human health and the environment.  To accomplish these overall goals, general project objectives were 
developed in the Phase I SAP and Phase II SAP Addendum (SAIC 2003b and 2004) to address the 
following: 
 
• Define the nature and extent of MED/AEC contamination in areas with known releases. 
• Determine if a release of MED/AEC contamination had occurred at levels significant enough to pose 

unacceptable risk in areas without known releases. 
• Determine risk from exposure to MED/AEC contamination. 
• Define potential MED/AEC radiological impacts on applicable existing buildings. 
• Conduct waste disposal characterization for RI waste and building materials. 
• Characterize general site conditions. 
• Conduct on-site broad energy germanium (BEGe) gamma spectroscopy analyses in support of 

observational approach. 
• Evaluate field screening and analytical methods for site characterization of radiological constituents. 
 
A total of 11 specific project objectives were defined in the Phase I SAP and Phase II SAP Addendum to 
address the general project objectives.  Detailed Data Quality Objectives (DQOs) for the Former Harshaw 
Chemical Site RI were developed and structured according to USACE Engineering Manual (EM) 200-1-2 
Technical Project Planning Process (USACE 1998).  The technical project planning DQO development 
process incorporates the basic components of the seven-step DQO process defined by the United States 
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Environmental Protection Agency (USEPA) Guidance for the Data Quality Objective Process (USEPA 
1994a) and allows for comprehensive planning and effective project completion. 
 
Based upon subsequent evaluation of RI Phase I and Phase II results, a total of eight additional project 
objectives were developed for Phase III of the RI and included the following: 
 
• Further delineate the extent of thorium-230 contamination. 
• Further delineate the extent of radium-226 contamination. 
• Evaluate the presence of enriched uranium. 
• Further characterize sewers and drains. 
• Characterize other specific infrastructure and site features identified in historical records. 
• Further characterize river bed sediments. 
• Characterize IA06 for possible early release of property. 
• Evaluate the performance of XRF field instrumentation. 
 
After a review of RI Phase III results and additional historical documentation, the Phase IV data collection 
program was developed and based on the following three project objectives: 
 
• Determine if a release of recycled uranium (RU)-related contamination has occurred at the site. 
• Determine if RU contaminants pose an unacceptable health risk. 
• Definitively evaluate the presence of enriched uranium. 
 
TS.2   SITE HISTORY 

 
The HCC was initially purchased by the Harshaw, Fuller & Goodwin Company in 1905 and commercially 
manufactured chemical solvents, metal salts, fluorides, hydrofluoric acids, and other chemical products at the 
Harvard Avenue location.  The HCC began production of chemical and radiological compounds for the MED 
in late 1942. 
 
Under the Atomic Energy Act of 1946, the AEC was created to oversee the United States’ nuclear energy 
program.  The AEC effectively assumed control of all MED operations on January 1, 1947.  As a result, all 
existing MED contracts were continued under the administration of the AEC after this date.  The HCC also 
conducted numerous additional chemical and radiological research and production activities for the MED 
and later for the AEC through the end of government-contracted operations in 1959.  The HCC also 
continued to conduct commercial chemical production activities throughout the period of MED/AEC 
contracted operations. 
 
TS.2.1  Operational History 
 
During its operational history, the HCC produced a number of major and minor uranium products under as 
many as 12 MED/AEC contracts using government-owned uranium feed materials and equipment (See 
Section 2.2.1.2).  Five thousand metric tons of uranium (MTU) were processed under AEC/MED contracts 
between 1942 and 1954. Major products included uranium tetrafluoride (UF4, Green Salt), uranium 
hexafluoride (UF6) and uranium trioxide (UO3).  
 
Production employed uranium feeds of various forms over the course of the approximately 12 years of 
operation.  Chemical operations were carried out within the Building G-1 complex, also known as Plant C or 
the “Harvard-Denison Plant,” which was built and added to several times over the period 1945-1949. The 
complex lies within a 1.6-acre fenced area. The major processing plants were the Refinery and Brown Oxide 
Plant, which produced UO3 and uranium dioxide (UO2), respectively, the UF4 plant, and the UF6 plant.  
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MED/AEC-related activities were not confined to the currently fenced area, but included the use of the 
former rail yard adjacent to Building G-1, and the former foundry, Building F-1. 
 
The primary production process associated with Former Harshaw Chemical Site MED/AEC contracted 
activities consisted of refining uranium oxide to produce several uranium-bearing materials including UF6, 
UF4, and uranium tetrachloride (UCl4).  Generally, two types of uranium refining processes were employed 
during the 1940s and 1950s: the "dry" process and the "wet" process.  The dry process included the 
conversion of uranium oxide (U3O8) feed material to UF6.  The product, UF6, was then further purified using 
fractional distillation.  The wet process used chemical solvent extraction to produce purified uranium 
compounds earlier in overall production when compared to the dry process.  The wet process became the 
preferred method of uranium refining.  Historical documents indicate that both the dry and wet processes 
were used by the HCC at the Harvard Avenue location. 
 
The primary uranium compound production contract was Letter Contract W-7405-ENG-276, dated January 
5, 1944.  This contract authorized the construction and operation of a UF6 production facility (later known as 
Plant C or Building G-1).  MED Contract W-7405-ENG-276 was finalized and signed on May 27, 1944.  
This contract served as the primary vehicle for the production of UF4, UF6, and UO2 by the HCC until 
production ceased in the early 1950s.  The HCC received the final release and assignment of MED Contract 
W-7405-ENG-276 on December 23, 1959. 
 
A number of the buildings and other structures that were present during MED/AEC operations at the Former 
Harshaw Chemical Site have since been removed. Many of the pads and below-ground structures associated 
with the removed buildings still remain, cover major portions of the site, and leave little open ground. 
Building G-1, where MED/AEC work was done, remains, but is in poor condition. The large Foundry and 
Warehouse buildings also remain, but few other structures do. 
 
TS.2.2  Regulatory History 
 
During the period of government-contracted operations at the Former Harshaw Chemical Site, the facility 
was not subject to specific regulatory requirements other than those required by specific contracts or security 
procedures (as with other industrial or government-contracted facilities of the period).  The HCC was not 
subject to government-mandated general environmental, radiological, or hazardous waste requirements, 
although operation-specific material, equipment, radiological, and health and safety requirements were 
administered by the MED and AEC. 
 
Additional regulatory items associated with the site include: 
 
• Historical documents indicate the HCC held numerous AEC licenses authorizing the use and possession 

of specific radioactive materials between 1957 and 1973. 
• Records acquired from Ohio Environmental Protection Agency (Ohio EPA) indicate one or more 

National Pollutant Discharge Elimination System (NPDES) permits or City of Cleveland permits may 
have been held by the HCC.  These permits appear to have been related to process-related waste 
discharges associated with production activities conducted after 1960. 

• A Resource Conservation and Recovery Act (RCRA) Part B Permit Application was filed for the facility 
when due in November 1988 and was later closed prior to actual permit issuance.  Several historical 
documents identified possible solid or hazardous waste landfill operations on HCC property (related to 
disposal areas located southwest of main site), but none of these documents referenced any landfill or 
disposal permits or licenses. 

 
One of the disposal areas located in the southern-most portion of IA07 was closed in 1980 in accordance 
with contemporary solid waste landfill regulations.  Closure activities included the installation of a drainage 
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system, a 2-ft thick layer of clean soil cover, and grading and grass seeding of the landfill.  A letter approving 
the landfill closure was issued to the HCC by the Ohio EPA Solid Waste Division in May 1981.  Because the 
landfill has been closed in accordance with state regulatory procedures, it was not investigated in this RI. 
 
TS.2.3  Previous Investigations 
 
Several previous investigations conducted at the Former Harshaw Chemical Site primarily addressed 
radiological contamination associated with government-contracted production operations: 
 
• ANL performed a study for the AEC to determine the condition of sites formerly utilized by the MED 

and AEC.  This study, performed from 1976 to 1979, determined that “significant” levels of 
contamination were still present in 17 buildings and at 32 exterior locations.  

• Chemical Waste Management (CWM) performed a radiological assessment of Building C (Building G-
1) in 1992.  This study was performed to determine the extent of contamination within the building. 

• Foster Wheeler Environmental Corporation (FWEC) performed Decontamination and Decommissioning 
(D&D) activities on Building G-1 in 1995.  As a first phase of this effort, additional characterization was 
performed to determine the accuracy of previous characterization work performed by ANL and CWM 
and to quantify the extent of contamination within the building.  Subsequent to characterization, FWEC 
removed piping and asbestos containing material (ACM), which were present in the building, and 
performed limited decontamination of selected floor areas.  The radioactive waste and ACM generated 
during this effort were stored in Building G-1 under the mezzanine on the north side of the building and 
have not been removed to date. 

• Numerous radiation surveys of existing buildings and structures were conducted by B. Koh & 
Associates, Inc. for the current property owners.  Survey results were submitted to the Nuclear 
Regulatory Commission (NRC) along with requests for free release determinations.  Many of the 
released buildings and structures were demolished and disposed of accordingly. 

• B. Koh & Associates, Inc. also conducted environmental investigations for most of the site.  The 
investigations included soil, sediment, surface water and groundwater sampling, and was conducted 
primarily to characterize radiological conditions associated with past HCC operations. 

• Blasland, Bouck & Lee also conducted chemical soil sampling for former Parcels A, B, and C (currently 
defined as portions of IA03 and IA04, IA06, and the southern portion of IA07, respectively). 

 
TS.3   REMEDIAL INVESTIGATION APPROACH 
 
The RI data collection program was designed to satisfy the identified project goals and objectives and to 
incorporate an observational approach during field activities.  The following general types of site 
characterization activities were conducted during the RI: 
 
• General site characterization; 
• Background sampling; 
• Building characterization surveys and material sampling (IA01, IA02); 
• Soil sampling (IA03 - IA07); 
• Sediment and surface water sampling (IA08, IA09); and 
• Groundwater sampling (IA10). 
 
General site characterization data collection supported radiological contamination and field screening 
evaluations, and provided site-specific information associated with surface water elevations, geochemical 
and geotechnical parameters, and meteorological conditions. 
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Off-site background samples were collected for soil, sediment, surface water, and groundwater to provide 
data for the development of site-specific background values for the RI BRA.  Background samples were 
collected from the following general locations: 
 
• Soil: Undeveloped park land south of the site (non-industrial) and private property adjacent to the site 

(industrial); 
• Sediment/Surface Water: Cuyahoga River and Big Creek upstream of the site; and 
• Groundwater: RI monitoring wells installed adjacent to and up-gradient from the site. 
 
Building characterization radiation surveys included the completion of fixed-point alpha/beta activity 
measurements, removable alpha/beta activity measurements, scan beta surveys, and dose rate gamma 
measurements.  Building radiation reference surveys were also conducted to evaluate the background (or 
reference-level) radiological activity on representative surfaces of assumed non-impacted buildings.  
Volumetric building material samples were collected from representative locations for buildings within IA01 
and IA02.  A subset of building material samples also was analyzed for typical waste disposal 
characterization parameters to support future remedial planning. 
 
Building characterization activities were completed for the following buildings: 
 
• Building G-1; 
• Boiler House; 
• Warehouse; 
• Foundry; 
• Garage; and 
• Scale House. 
 
Building interior surfaces previously released by the NRC under NRC Regulatory Guide 1.86 (Warehouse, 
Foundry, and Garage) and buildings erected after MED/AEC activities (water treatment plant) were not 
included in this effort. 
 
Volumetric building material samples were collected from the following materials: 
 
• Floors (concrete, Building G-1 only); 
• Floor drain sediment (Building G-1 only); 
• Walls (brick); 
• Roofing materials; and 
• Window sills (concrete/stone). 
 
Soil samples were collected throughout the RI to define the nature and extent of RI COIs and to support the 
RI BRA.  Soil samples were collected using several methods including: 
 
• Scoop/trowel (near-surface soil); 
• Hand auger (surface soil); 
• Geoprobe (subsurface soil, primarily non-fill areas); and 
• Hollow-stem auger (subsurface, primarily fill areas). 
 
Sediment and surface water samples were typically collocated and were collected from suitable locations 
within the Cuyahoga River and Big Creek and from accessible locations (manholes, catch-basins) from on-
site sanitary and storm sewers.  Surface water samples were generally collected as grab samples, while 
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sediment samples were collected using various methods (including scoop/trowel, hand auger, Ponar) 
depending on location and sediment thickness. 
 
Groundwater samples were collected using disposable bailers (initial screening sampling and existing wells 
in poor condition) and low-flow sampling methods (peristaltic and bladder pumps). 
 
An overall observational approach was applied to the RI data collection program to allow flexibility with the 
definition of contaminant extent and the incorporation of field observations into the field characterization 
activities. 
 
Elements of the observational approach were included in data collection decisions for the following site 
media: 
 
• Building radiation surveys and material sampling; 
• Soil; 
• Sediment and surface water; and 
• Groundwater. 
 
The following table summarizes the observational approach elements applied to the RI data collection 
program: 
 

RI Medium  Observational Approach Elements 
Building Radiation Surveys/ 
Volumetric Material Sampling 

• Review of Phase I survey/sampling results and identification of 
limited Phase II data needs. 

• Field observations to identify survey unit design and volumetric 
material sample locations and types. 

 
Soil • Geophysical and gamma walkover surveys to characterize initial 

site conditions prior to intrusive sampling. 
• Field radiological screening to identify sample locations and 

intervals. 
• On-site BEGe laboratory to provide near real-time definitive 

gamma spectroscopy results. 
• Observational sample locations based on defining extent of 

radiological contamination based on field screening levels. 
 

Sediment and Surface Water • Field observations to identify suitable locations for collocated 
river/creek samples. 

• Review of Phase I sewer line sample results to identify Phase II 
data needs. 

• Field observations to identify sewer outfall sample locations. 
 

Groundwater • Evaluation of existing monitoring wells to identify suitability for 
RI sampling. 

• Initial screening-level sampling event to focus subsequent 
sampling events. 

• Review of screening-level sampling data to identify wells for 
full-suite COI sampling events. 

• Installation of temporary well points to provide potentiometric 
data for selection of RI well installation locations. 

• Installation of temporary piezometers and monitoring wells to 
fully define contamination extent. 
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The observational approach adopted for the Former Harshaw Chemical Site RI is consistent with the USEPA 
Triad approach.  The Triad approach is a streamlined approach to sampling, analysis, and data management 
activities during site assessment, characterization, and cleanup.  The approach, which focuses on the 
identification and management of decision uncertainties, is comprised of three main elements: systematic 
project planning, a dynamic work strategy, and real-time measurements.  The utilization of the Triad 
approach produces a CSM that identifies distinct contaminant populations for which risk estimation and cost-
effective remedial decisions will differ. 
 
TS.4   REMEDIAL INVESTIGATION RESULTS 
 
Field data collection results were reviewed to determine if the defined project goals and objectives for the 
Former Harshaw Chemical Site RI were satisfied and to identify any uncertainties to be considered during 
follow-on Feasibility Study (FS) or remedial planning activities. 
 
TS.4.1  General Characterization 
 
Several evaluations were performed for contaminant transport and original project assumptions regarding the 
composition and sources of radiological contamination expected at the site, including: 
 
• Airborne uranium contamination transport; 
• Enriched uranium; 
• Thorium-230; and 
• Radiological soil core screening. 
 
TS.4.1.1   Airborne Uranium Contamination Transport 
 
The airborne uranium contamination transport evaluation included reviewing collocated near-surface soil 
split sample (0 to 0.5 ft bgs) and surface soil sample (0 to 2 ft bgs) results from IA03 - IA06 generated during 
Phase I of the RI.  Based on a statistical comparison between the two datasets, no significant statistical 
differences between the near-surface and surface soil data were identified.  Although the historical airborne 
release of total uranium at the site is considered probable, the RI soil data do not indicate a bias toward the 
near-surface interval that would indicate significant airborne deposition of contamination to soil. 
 
TS.4.1.2   Enriched Uranium 
 
The RI soil dataset was evaluated to characterize uranium contamination at the Former Harshaw Chemical 
Site and to validate the original project assumption that primarily non-enriched (natural) uranium was 
processed at the facility.  The results of the evaluation do not indicate the site-wide presence of low-enriched 
uranium in soil at the site. 
 
The soil evaluation consisted of calculating sample-specific uranium-235 and uranium-238 ratios for on-site 
and off-site (background) data for comparison to the expected uranium-235:uranium-238 ratio of 0.046:1.  
Ratios greater than 0.046:1 may indicate the presence of enriched uranium, while ratios less than 0.046:1 
may indicate the presence of depleted material.  The following figures illustrate the gamma spectroscopy 
uranium-235 to uranium-238 ratio distribution for both data sets: 
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Generally, the uranium-235 activity appears to correlate well and increase with uranium-238 activity.  A 
slight bias high in the isotopic ratios is indicated by the ratio distribution shown above.  Since the same bias 
is present in both the on-site and off-site background datasets, it is assumed the bias is associated with the 
laboratory analyses, and is not due to any site-specific radiological contamination characteristic.  The slight 
over-estimation of the measured uranium-235 activities in the soil samples may be the result of interferences 
in the measured energy peaks used in the gamma spectroscopy analyses; however, no specific cause for this 
bias has been identified therefore it should be considered an uncertainty for future use. 
 
Uranium isotope ratio measurements by alpha spectroscopy from all four sampling phases produced 183 
uranium-234:uranium-238 results and 134 uranium-235:uranium-238 results. However, no alpha 
spectroscopy measurements in background soil samples were available.  The average value for the 183 
uranium-234:uranium-238 activity measurements was 1.0, or equal to the expected value for natural 
uranium.  Conversely, the average value for the 134 valid uranium-235:uranium-238 activity measurements 
was 0.088, or approximately double the expected value of 0.046.  These two results are in conflict, since 
uranium-234 would not be a natural levels when uranium-235 is somewhat enriched. Because many of the 
uranium-235 results were near detection limits, it is possible that results for this isotope are biased high, 
while the uranium-234:uranium-238 activity ratios are more in line with historical records.  Further, in areas 
where recycled uranium residuals were present, uranium-235 measurements would contain contributions 
from uranium-236, and thus are typically reported as uranium-235:uranium-236 in the alpha spectroscopy 
measurements. 
 
As part of Phase IV, a subset of soil and groundwater samples were analyzed by inductively coupled plasma-
mass spectroscopy (ICP-MS) to determine uranium isotopic ratio measurements with higher precision and 
accuracy than is typically generated by gamma or alpha spectrometry.  The purpose of these measurements 
was to produce an unequivocal determination of the enrichment level of uranium residuals through highly 
accurate measurements of isotopic ratios in site soils and groundwater. 
 
Uranium isotope ratios in site soils, groundwater, and surface water measured by ICP-MS indicate the 
presence of residuals of slightly depleted uranium.  Measured uranium-235 to uranium-238 ratios are similar 
to documented ratios in Hanford feed which suggests the source of the depleted uranium may be from the 
processing of recycled uranium from Hanford.  Conversely, there is no evidence of the presence of enriched 
uranium in any of the same samples.  No site samples exceeded uranium-235:uranium-238 ratios measured 
in background soils, while background groundwater results were insufficient for such comparisons for site 
groundwater samples.  However, results for site soils, groundwater, and surface water results indicated 
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slightly depleted levels of uranium-234 and uranium-235 compared to standard values for natural uranium.  
Areas of presumed natural uranium contamination were also detected in soil, as indicated by reduced or 
undetectable levels of uranium-236 relative to uranium-238 levels.  It is likely that there are areas of mixed 
normal and depleted uranium contamination in the vicinity of Building G-1, since large quantities of feeds of 
each type were handled there.  However, no attempt is made here to quantify the relative contributions of 
each feed material to residual uranium contamination. 
 
Ten background soil samples taken from the Cleveland Metroparks property were analyzed by ICP-MS.  
None of the samples had detectable levels of uranium-234, but all had detectable levels of uranium-235 and 
uranium-238, allowing for determination of uranium-235:uranium-238 ratios, the standard measure of 
uranium enrichment.  Sample uranium-235:uranium-238 ratios had an average value of 0.0077 by mass, and 
0.050 by activity.  The precision of these measurements had a percent relative standard deviation of 2.2%.  
These measured values compare to known ratios of 0.0071 by mass and 0.046 by activity for natural 
uranium, indicating a high bias in the measurements in background samples of about 8.5% above the 
expected value. 
 
A total of 30 site soils were analyzed, all of which had measurable uranium-235:uranium-238 ratios and 14 
of which had detectable levels of uranium-234, allowing determination of uranium-234:uranium-238 ratios.  
The average of measured uranium-235:uranium-238 ratios in soils was 0.0064 (0.64%) by mass and 0.041 by 
activity, or slightly depleted relative to either the measured background value, or known values for natural 
uranium noted above.  Eight samples had measurable quantities of uranium-236, a radionuclide that is not 
naturally occurring and a product of nuclear processing.  The uranium-235 to uranium-238 ratio and the 
presence of uranium-236 suggests the potential source of the recycled uranium residuals was due to the 
slightly depleted uranium processing that occurred at Hanford. 
 
Uranium-235:uranium-238 ratios shown in the figure below, which include levels of uranium-238 down to 
background levels (2-3 milligrams/kilogram [mg/kg]) and up to 1460 mg/kg, suggest a slight increase in 
depletion with increasing uranium-238 levels.  This result reflects the influence of background natural 
uranium on overall isotope ratios at low levels, while it further indicates that higher level uranium 
contamination often involves recycled uranium, which was depleted in uranium-235 as noted above. 
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Contamination areas that have measurable uranium-235 depletion and presence of uranium-236 likely consist 
mainly of recycled uranium, which is not significantly mixed with contamination from natural uranium, 
otherwise, uranium-235 depletion would be difficult to discern.  It is possible that differences in handling 
procedures from those for usual feed, along with required high output levels, might have contributed to 
releases of recycled uranium in the areas in which feed was handled in the vicinity of Building G-1. 
 
Uranium isotope ratios measured in site groundwater were very similar to those in soil. ICP-MS 
measurements were made on 17 groundwater samples. Of these measurements, 10 had measurable levels of 
uranium-235 and four had measurable levels of uranium-234.  No sample had a measurable uranium-236 
level. The average measured uranium-235:uranium-238 ratio in site groundwater samples of 0.0063 (0.63%) 
by mass, was nearly the same as that in site soils, while the average uranium-234:uranium-238 activity ratio 
of 0.93 was close to the value of 0.87 in site soils.  Four background groundwater wells were sampled, and 
uranium isotopes analyzed by ICP-MS.  Detectable levels of uranium-238 were found in all four samples, but 
the only other positive result was uranium-235 levels in a sample from one well (MW003).  The uranium-
235:uranium-238 ratio determined in this sample was 0.0064 (0.64%), very nearly the same value as for site 
groundwater.  These results suggests that uranium-235:uranium-238 ratios in site groundwater are not 
depleted (nor enriched) relative to background, the site values do indicate depletion relative to standard ratios 
for both uranium-234:uranium-238 and uranium-235:uranium-238. 
 
TS.4.1.3   Thorium-230 
 
Historical information collected prior to the field investigation did not indicate the presence of a significant 
thorium-230 waste source separate from uranium at the Former Harshaw Chemical Site.  Higher than 
expected concentrations of thorium-230 were discovered on-site during Phase I.  Further research into 
historical documentation indicated that thorium-230 was present as an impurity in the uranium concentrates 
sent to the site.  Almost all of the elevated thorium-230 activity concentrations encountered to date are 
associated with uranium-238 activity concentrations above background levels.   
 
The alpha spectroscopy results for thorium-230 suggest the thorium-230 detected to date above 16 
picocuries/gram (pCi/g) is, in general, collocated with uranium-238 greater than 15 pCi/g (i.e., the total 
uranium screening level of 30 pCi/g).  This suggests that either the contamination is the result of disposing of 
waste stream material in the same place uranium-238 impacts were present, or that material jointly 
contaminated by waste stream material and product (e.g., used equipment, decontamination and demolition 
building debris) were stored or disposed of in specific areas. 
 
The data from the on-site gamma spectroscopy laboratory suggest that it would have identified highly 
elevated levels of thorium-230 (e.g., greater than 100 pCi/g) if they existed.  An extrapolation based on 
comparing alpha spectroscopy and gamma spectroscopy thorium-230 results suggests that there would have 
been approximately 17 samples that would have yielded an alpha spectroscopy result greater than 100 pCi/g 
if all of the 921 Phase 1 samples had been analyzed by alpha spectroscopy.  This ratio compares favorably 
with the actual results found after all phases of investigation (this report), where eight of 329 soil and 
sediment results exceed 100 pCi/g for Th-230.  These results indicate that there is not a wide spread thorium-
230 contamination problem for the site at levels exceeding 100 pCi/g. 
 
For those areas sampled and analyzed, the uranium contamination footprint, as measured by uranium-238 
greater than 15 pCi/g (i.e., the total uranium screening level of 30 pCi/g), bounds the potential thorium-230 
contamination footprint as measured by thorium-230 greater than 16 pCi/g. 
 
Results for Phases III and IV indicate that thorium-230 is consistently found along with uranium at levels 
similar to what was found in Phases I and II.  No additional areas were found containing high thorium-230 
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levels and low total uranium levels.  Thus, the results confirmed the basic findings of the original Phase I and 
Phase II sampling.   
 
TS.4.1.4   Recycled Uranium Constituents 
 
Documents uncovered after the completion of Phase I and Phase II sampling indicated that RU from Hanford 
processed in the HCC refinery might have contained higher levels of radiological contaminants than 
originally thought.  In order to investigate the possibility that residuals of these contaminants in site media 
might pose a risk that would require remediation, Phase IV sampling and analysis was conducted on new and 
archived samples in potentially affected IAs. Contaminants of interest included technetium-99, europium-
152, europium-154, neptunium-237, plutonium-238, plutonium-239, plutonium-240, and americium-241. In 
addition, the isotopes uranium-233 and uranium-236 were of interest as markers of RU. 
 
The results of sample analysis confirmed the presence of RU, as well as very low levels of several 
radiological contaminants associated with it.  The presence of RU was confirmed primarily from the 
presence of the isotope uranium-236 in several locations.  Uranium-236 is not found in natural uranium.  
While the uranium-236 detections were few and low level, they were generally collocated with similarly 
low-level detects of technetium-99, plutonium-239/240, and americium-241.  In general, the ratios of 
uranium-236 to uranium-238 were in line with expected ranges in RU.  Taken together, these results indicate 
that residuals of RU are present in the Former Harshaw Chemical Site soils. 
 
Uranium-236 was found in only one of 21 groundwater samples at barely detectable levels. A few sporadic 
detections of similarly low levels of RU contaminants were found in groundwater, including isolated 
detections of technetium-99, plutonium-239/240, and americium-241.  In contrast to soil detections, 
however, these constituents of RU were not collocated in groundwater samples.  Thus, while trace levels of 
RU constituents appear to be sporadically present in groundwater, the evidence for RU contamination is not 
as strong as that for soils, where constituents tended to be collocated. 
 
TS.4.1.5   Radiological Soil Core Screening 
 
A radiological soil screening correlation was conducted using static gamma measurements to compare the 
response of a sodium iodide (NaI) 2-inch by 2-inch radiation detector and a Field Instrument for the 
Detection of Low Energy Radiation (FIDLER) detector for on-site soil samples.  These measurements were 
correlated with corresponding on-site BEGe laboratory and General Engineering Laboratories, Inc. (GEL) 
analytical for total uranium and thorium-230 for the samples.  Results of the soil screening correlation were 
used to evaluate the effectiveness of radiological soil screening and its potential use during future remedial 
activities. 
 
The NaI 2-inch by 2-inch and FIDLER detectors respond similarly to site radionuclides.  The statistically 
significant correlation between the BEGe activities and the FIDLER and NaI 2-inch by 2-inch counts 
coupled with the consistency of response between the two detectors, evidenced by the moderately strong 
correlation between the instrument counts, suggests that either detector may be adequate to locate elevated 
radioactivity at the Former Harshaw Chemical Site in surface soil.  In all cases, the FIDLER detector had a 
greater response than the NaI 2-inch by 2-inch detector. 
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The study was conducted on containerized soil in contrast to the actual in-situ measurements required in the 
field.  Variables associated with field implementation include:  
 
• Depth of contamination present; 
• Width of contamination present; 
• Meteorological conditions; 
• Soil moisture content; 
• Varying soil density; 
• Varying background activity in different areas of the site; and 
• Varying ratios of radionuclides in soil. 
 
One or more of the above variables may adversely impact the accuracy and consistency of field radiation 
measurements and should be considered when attempting to draw conclusions from this type of data 
collection method. 
 
TS.4.1.6   Radium-226 Re-Analysis 
 
The question of on-site BEGe gamma spectroscopy laboratory sample holding times was addressed to 
determine if adequate time was allowed for the in-growth of radon-222 decay products (e.g., bismuth-214) to 
be able to accurately measure soil concentrations of the parent isotope radium-226.  A total of 15 samples 
previously analyzed in the on-site gamma spectroscopy laboratory were sent for off-site analyses at GEL.  
The bismuth-214 concentrations were measured in these soil samples using gamma spectroscopy at GEL, 
and compared to the concentrations of radium-226 originally reported by the on-site gamma spectroscopy 
(also via bismuth-214).  The average percent difference was determined to be minus fourteen percent (-
14%).  In other words, the on-site gamma spectroscopy laboratory underestimated radium-226 concentrations 
by approximately 14% when compared to radium-226 results reported from an off-site laboratory which 
utilized longer holding times to ensure more complete in-growth of radon-222 decay products. 
 
The underestimation is consistent with what would be expected due to the shorter holding times associated 
with the on-site sample analyses.  However, there is a greater difference in results for radium-226 
concentrations reported to be less than approximately 1.5 pCi/g via the on-site BEGe laboratory.  For 
elevated results, the on-site gamma spectroscopy results are actually somewhat higher than the recounted 
results.  Therefore, it is concluded the overall amount of potential underestimation in the radium-226 
concentrations by the on-site gamma spectroscopy laboratory is not significant, and the radium-226 data set 
generated by the on-site gamma spectroscopy is adequate to determine nature and extent and characterize 
risks at the Former Harshaw Chemical Site. 
 
TS.4.2  Background Sampling 
 
Background soil, sediment, and groundwater samples were collected and analyzed to provide data for the 
derivation of site-specific background values.  Background soil samples were collected during Phase I of the 
RI from both non-industrial and industrial background locations.  Collocated background surface water and 
sediment samples were collected, and groundwater samples were collected from background monitoring 
wells installed during the RI.  The following list summarizes background sample totals: 
 
• Soil (industrial): 45 samples from 15 locations; 
• Soil (non-industrial): 36 samples from 12 locations; 
• Sediment/Surface Water (collocated): 12 samples from 12 locations; and 
• Groundwater: 14 samples from 5 locations (3 sampling events). 
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The following table summarizes the site-specific background values developed for the Former Harshaw 
Chemical Site, which represent the lower of the 95th percentile upper tolerance limit (UTL) or the maximum 
detected concentration of the background data set: 
 

 COI Surface Soil Total Soil  
Ac-227 8.71E-02 pCi/g 1.06E-01 pCi/g 
Cs-137 4.29E-01 pCi/g 5.40E-01 pCi/g 
Pa-231 8.72E-02 pCi/g 1.06E-01 pCi/g 
Pb-210+D 1.45E+00 pCi/g 1.41E+00 pCi/g 
Ra-226+D 1.45E+00 pCi/g 1.41E+00 pCi/g 
Ra-228+D 1.87E+00 pCi/g 1.79E+00 pCi/g 
Th-228 1.41E+00 pCi/g 1.41E+00 pCi/g 
Th-230 1.21E+00 pCi/g 1.21E+00 pCi/g 
Th-232 1.41E+00 pCi/g 1.41E+00 pCi/g 
Total Uranium 4.05E+00 pCi/g 4.95E+00 pCi/g 
Total Uranium (chemical) 5.94E+00 mg/kg 7.26E+00 mg/kg 
Lithium 3.17E+01 mg/kg 3.17E+01 mg/kg 
Molybdenum 4.07E+00 mg/kg 4.13E+00 mg/kg 
TPH-DRO 1.90E+01 mg/kg 1.90E+01 mg/kg 

COI  Sediment 
Ac-227 1.13E-01 pCi/g 
Cs-137 7.91E-02 pCi/g 
Pa-231 1.13E-01 pCi/g 
Pb-210+D 1.55E+00 pCi/g 
Ra-226+D 1.55E+00 pCi/g 
Ra-228+D 1.06E+00 pCi/g 
Th-228 1.06E+00 pCi/g 
Th-230 1.55E+00 pCi/g 
Th-232 1.06E+00 pCi/g 
Total Uranium  7.71E+00 pCi/g 
Lithium 2.87E+01 mg/kg 
Molybdenum 9.45E+00 mg/kg 
TPH-DRO 5.17E+02 mg/kg 
COI  Surface Water 
Total Uranium  1.50E-03 milligram/liter (mg/L) 
TPH-DRO 2.00E-01 mg/L 

Groundwater 
COI Total Dissolved 
Ac-227 1.16E-01 pCi/L 1.23E-01 pCi/L 
Cs-137 0.00E+00 pCi/L 0.00E+00 pCi/L 
Pa-231 1.16E-01 pCi/L 1.23E-01 pCi/L 
Pb-210+D 1.50E+00 pCi/L 7.76E-01 pCi/L 
Ra-226+D 1.50E+00 pCi/L 7.76E-01 pCi/L 
Ra-228+D 2.78E+00 pCi/L  1.58E+00 pCi/L 
Th-228 3.57 E+00 pCi/L 3.90E-01 pCi/L 
Th-230 4.20E-01 pCi/L 7.21E-01 pCi/L 



Groundwater (continued) 
COI Total Dissolved 
Th-232 5.70E-02 pCi/L 0.00E+00 pCi/L 
Total Uranium  6.84E-03 mg/L  6.70E-03 mg/L 
Lithium 3.42E-02 mg/L 3.36E-02 mg/L 
Molybdenum 1.78E-02 mg/L 1.79E-02 mg/L 
TPH-DRO 2.20E-01 mg/L NA 

 
TS.4.3  Building Characterization 
 
Building radiation survey data and volumetric building material sample results for radiological constituents 
were compared to the following screening levels to identify radiological impacts: 
 
• Volumetric building material: 13 pCi/g (US Nuclear Regulatory Commission Regulation [NUREG]-

1757); 
• Fixed surface alpha/beta activity: 5,000 disintegrations per minute (dpm)/100 square centimeters (cm2) 

(NRC Regulatory Guide 1.86); and 
• Removable alpha/beta activity: 1,000 dpm/100cm2 (NRC Regulatory Guide 1.86). 
 
The volumetric building material screening level of 13 pCi/g was calculated using a sum of ratios approach 
and the isotope-specific screening levels for uranium-234, uranium-235, and uranium-238 in Table H.2 of 
NUREG-1757.  These three isotopes were assumed to be present in their naturally occurring ratios, 
consistent with the site characterization data collected for the site.  This screening level is slightly lower than 
that used for soil (30 pCi/g).  This provides additional conservatism in addressing these building materials to 
better account for the range of physical properties associated with these materials and the likely more 
heterogeneous nature of contamination.   
 
Building radiation surveys were conducted during the RI to provide sufficient data for the building risk 
assessment and to support potential future remedial actions such as demolition, decontamination, and/or final 
status surveys.  The building characterization was not designed to definitively classify the buildings 
addressed due to the lack of site-specific dose-based screening limits for radiological contamination. 
 
The following sections summarize building characterization results for IA01 and IA02. 
 
TS.4.3.1   IA01 - Building G-1 
 
The following table summarizes building characterization activities completed for Building G-1 during the 
RI: 
 

Activity  Number Collected 
Volumetric Material Samples  22* 
Fixed-Point Alpha/Beta Activity Measurements  3,153 
Removable Alpha/Beta Activity Measurements  1,242 
Surface Scan Beta Surveys  1,376 
Dose Rate Gamma Measurements  33 
 * Includes 6 samples for waste characterization, 7 samples for asbestos 

 
Volumetric building material sampling and radiation survey results for Building G-1 indicated the presence 
of gross contamination.  Volumetric samples collected from materials such as dust, sediment, roofing 
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material, and concrete floors at all except one of the interior and exterior building locations were above the 
total uranium screening level of 13 pCi/g. 
 
Interior and exterior surveys identified widespread areas of fixed surface beta activity in excess of the surface 
screening level of 5,000 dpm/100cm2 at Building G-1 (see chart below).  Elevated activity was identified 
over many areas of the roof and brick exterior.  However, all removable activity measurement results were 
below the removable screening level of 1,000 dpm/100cm2.  Dose rates ranged from 6 to 12 microrems/hour 
(µrem/hr) for the exterior and 9 to 50 µrem/hr for the interior. 
 

Building G-1 Interior Building Survey Activity His togram
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TS.4.3.2   IA02 - Other Existing Buildings 
 
The following table summarizes building characterization activities completed for other existing buildings 
during the RI: 
 

 
Activity 

Boiler 
House 

 
Foundry 

 
Warehouse 

 
Garage 

Scale 
House 

Volumetric Material Samples 0 4 10 0 0 
Fixed-Point Alpha/Beta Activity Measurements 669 472 1,224 191 61 
Removable Alpha/Beta Activity Measurements 169 143 299 37 11 
Surface Scan Beta Surveys 267 364 613 73 12 
Dose Rate Gamma Measurements 12 10 24 5 11 

 
Boiler House 
 
The Boiler House accessible interior floor, accessible interior walls, exterior walls, windowsills, roof, and 
discretionary locations were surveyed.  Isolated locations of surface beta activity in excess of the screening 
level were identified on the north and east exterior walls and the windowsills.  On the north wall, total beta 
activity fixed measurements exceeding the screening level represent an area less than 20 square meters (m2) 
(7.4% of the north exterior brick wall, with a maximum of 17,795 dpm/100 cm2).  Exterior wall grid total 
beta activity in excess of the surface screening level was identified at 0.9% of the east exterior brick wall, 
with a maximum of 13,319 dpm/100 cm2.  Total beta activity in excess of the surface screening level was 
identified on 16 of the 17 Boiler House windowsills.  The survey identified a maximum beta activity of 
42,381 dpm/100 cm2.  All other locations, including the interior of the structure, were below alpha and beta 
fixed and removable surface screening levels.  Dose rates ranged from 5 to 15 µrem/hr. 
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Foundry 
 
The radiation survey for the Foundry addressed the exterior walls, windowsills, roof, and discretionary 
locations.  In summary, all results were below the surface screening levels, with the exception of isolated 
areas of fixed surface beta activity on windowsills, the east wall, and the concrete caps over the northeast 
wall.  On the Foundry walls, activity in excess of the total beta surface screening level was only identified on 
the east side facing the Warehouse.  Phase I and Phase II field activities identified areas of elevated total beta 
activity on 11% of the east exterior brick wall, with a maximum of 641,742 dpm/100 cm2.  Surveys of the 
Foundry windowsills identified a maximum total beta activity of 800,613 dpm/100 cm2 on the east wall 
windowsills.   
 
Roof measurements identified a maximum total beta activity of 12,826 dpm/100 cm2, while a maximum total 
beta activity of 69,457 dpm/100 cm2 was identified on the wall caps.  Two of the four volumetric roofing 
material samples collected at the Foundry were above the screening level of 13 pCi/g.  Dose rates ranged 
from 8 to12 µrem/hr. 
 
Warehouse 
 
The radiation survey for the Warehouse addressed the exterior walls, windowsills, roof, and labs/offices.  In 
summary, the exterior results are below surface screening levels, with the exception of isolated areas of fixed 
surface beta activity on a windowsill, a roof location, and an exhaust vent.  All other survey locations were 
below surface screening levels. 
 
On the Warehouse roof, all surface measurements were below surface screening levels with the exception of 
one location on the north side of the roof (fixed-point total beta measurement of 5,867 dpm/100 cm2).  Of the 
15 Warehouse roof samples obtained, 6 exceeded the volumetric screening level of 13 pCi/g.  Field survey 
activities identified areas of elevated total beta radiation activity on 0.04% of the Warehouse roof vents, with 
a maximum of 64,271 dpm/100 cm2.  Dose rates ranged from 5 to 18 µrem/hr. 
 
Garage 
 
The radiation survey for the Garage addressed the exterior walls, window sills, and roof.  In summary, all but 
one small area on the west exterior wall are below the surface screening level.  Phase I and Phase II field 
activities identified areas of elevated total beta activity on 0.2% of the west exterior brick wall, with a 
maximum of 7,820 dpm/100 cm2. 
 
The Garage is currently used as a Radioactive Material Storage Area for Warehouse roof materials removed 
during previous rehabilitation activities by the current property owner.  Although the NRC has released the 
interior of the Garage, an assessment should be performed for the interior of the garage when the stored 
material is removed.  Dose rates ranged from 10 to 15 µrem/hr. 
 
Scale House 
 
The radiation survey for the Scale House addressed the walls, floors, and roof.  Previous survey results 
indicated the building was not impacted, so only a limited confirmation survey was conducted.  No results 
exceeding the surface screening levels were identified on or in the Scale House, confirming previous survey 
results. 
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TS.4.4  Soil Characterization 
 
Soil characterization activities conducted during the Former Harshaw Chemical Site RI included: 
 
• Geophysical investigation; 
• Gamma walkover surveys; and 
• Soil sample collection and analysis. 
 
The following sections describe the nature and extent of contamination and any associated uncertainties for 
each soil IA. 
 
TS.4.4.1   IA03 (Soil in Vicinity of Building G-1) 
 
Soil characterization efforts in IA03 identified three main areas of elevated radiological COIs: 
 
• Area north of Building G-1 and north of the CSX railroad; 
• Area north of Building G-1 and south of the CSX railroad; and 
• Area in the vicinity of and beneath Building G-1. 
 
Based on the results of the BRA, the following seven constituents were identified as Significant constituents 
of potential concern (COPCs) for IA03 soil: 
 
• Total uranium; 
• Thorium-230; 
• Thorium-232; 
• Radium-228;  
• Lead-210; 
• Radium-226; and 
• Lithium. 
 
The two areas north of Building G-1 are likely associated with the transport and disposal of waste materials 
and debris by way of a paved driveway leading from the building to the area north of the CSX railroad.  The 
first area north of the CSX railroad is characterized by elevated gamma walkover survey results, fill material, 
and elevated total uranium results.  The fill material was generally identified at depths from 1 to 3 ft bgs and 
consists of varying amounts of debris including brick and concrete fragments, slag, and tar.  The nature and 
composition of the sample material indicates total uranium in this area is present as a result of fill 
emplacement activities conducted during site development.   
 
The second area, north of Building G-1 but south of the CSX railroad, is also characterized by elevated 
gamma walkover survey results, fill material, and elevated total uranium results.  This area is associated with 
a paved driveway leading out of the Building G-1 fenced perimeter north across the CSX railroad tracks.  
This driveway is present on historical aerial photographs, and is thought to have served as a pathway for the 
transport of plant process materials to or from railroad cars, or to the first area described above for storage or 
disposal. 
 
The area underneath and around Building G-1 is the third main area of elevated radiological COIs in IA03.  
Results from gamma walkover surveys conducted around the building perimeter and soil sample results from 
soil borings installed through the building floor indicate radiological contamination in both natural (gravel 
and sand) and fill material under and around the building.  Soil and building material sampling conducted 
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around and inside the northeast corner of Building G-1 identified significantly elevated total uranium in soil 
and visible yellowcake material within the concrete floor core samples. 
 
Although the BRA identified lithium as posing an unacceptable risk in soil, only one receptor is affected 
(subsistence farmer child) and the associated preliminary remediation goal (PRG) (21,000 
micrograms/kilogram [µg/kg]) is less than the calculated background value (31,700 µg/kg).  Also, although 
the lateral distribution of soil samples with lithium results greater than background appears focused on 
Building G-1, the vertical distribution in these samples may not be consistent with an operational source in 
Building G-1.  Lithium sample results around Building G-1 display a discernable trend of increasing 
concentration with depth, suggesting the elevated concentrations may be associated with the composition of 
native soil or weathered bedrock.  This potential is further supported by an apparent close correlation 
between elevated lithium soil results and shallow bedrock surface elevations at the site. 
 
TS.4.4.2   IA04 (Northside Complex Soil) 
 
Two main areas of contamination from radiological COIs identified in IA04 were as follows: 
 
• Localized area located between the Warehouse and Foundry; and 
• General area in the northeast portion of IA04 near the Cuyahoga River west bank. 
 
Based on the results of the BRA, the following six constituents were identified as Significant COPCs for 
IA04 soil: 
 
• Total uranium; 
• Thorium-230;  
• Thorium-232; 
• Lead-210; 
• Radium-226; and 
• Lithium 
 
The first area is located between the Warehouse and Foundry, where elevated gamma walkover survey 
results and one soil boring indicated elevated levels of radiological COIs in one localized area to a depth of 2 
ft bgs.  The second area is generally located in the northeast corner of IA04, adjacent to the Cuyahoga River 
bank.  This area is composed of fill material (i.e., glass, brick, wood, concrete fragments) with elevated 
levels of total uranium to a depth of 20 ft bgs in one soil boring.  Elevated levels of radiological COIs were 
also identified in surface soil in this area, with the highest levels located between the fence and the CSX 
railroad.   
 
In Phase III, two samples were collected from both of the two trenches excavated near possible underground 
infrastructure identified in IA04 by geophysical investigation during the RI.  No sewer lines, sump, 
underground storage tanks (USTs), or voids were observed but concrete, crystalline material, and steel beams 
were encountered.  Sample results from the soil in this area do not indicate high levels of contamination due 
to leaking from potential buried infrastructure or the placement of contaminated backfill. 
 
Similar to IA03 discussed previously, although the BRA identified lithium as posing an unacceptable risk in 
soil, only one receptor is affected (subsistence farmer child) and the associated PRG (21,000 µg/kg) is less 
than the calculated background value (31,700 µg/kg).  Only two lithium sample results greater than 
background are present in IA04 (located east of the Boiler House).  The vertical distribution in these samples 
is consistent with the apparent trend noted within IA03 (increasing concentration with depth), suggesting the 
elevated concentrations may be associated with the composition of native soil or weathered bedrock.  The 
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locations of the two elevated samples are contained within the area of relatively shallow bedrock discussed 
for IA03 previously and appear consistent with the apparent close correlation between elevated lithium soil 
results and shallow bedrock surface elevations at the site in the vicinity of Building G-1. 
 
TS.4.4.3   IA05 (Southside Complex Soil) 
 
Three main areas of radiological COI contamination were identified in IA05: 
 
• Localized area in southern portion of IA05; 
• Localized area in the center of IA05; and 
• Area in the northeast portion of IA05 near the Cuyahoga River west bank. 
 
Based on the results of the BRA, the following eight constituents were identified as Significant COPCs for 
IA05 soil: 
 
• Total uranium; 
• Thorium-232; 
• Thorium-230; 
• Thorium-228; 
• Radium-228;  
• Lead-210; 
• Radium-226; and 
• Lithium. 
 
All three areas are characterized by elevated gamma walkover survey results and elevated levels of 
radiological COIs in soil samples.  The first area is located in the southern portion of the IA where soil 
sampling results to a depth of 16.8 ft bgs indicate radiological COI (total uranium) contamination, mainly 
associated with fill material.  The second area is located in the center of the IA.  Data from one soil boring 
are indicative of elevated radiological COIs.  The third area is located in the northeast portion of the IA along 
the Cuyahoga River bank.  Based on historical data, this area was investigated during the RI in an attempt to 
identify the presence of residual yellowcake material associated with a previous remedial activity.  Although 
sample results indicated elevated levels of total uranium, no yellowcake material was encountered in this 
area.  Sample collection from directly within the former remedial excavation was impeded due to debris in 
the excavation backfill soil. 
 
Although the BRA identified lithium as posing an unacceptable risk in soil, only one receptor is affected 
(subsistence farmer child) and the associated PRG (21,000 µg/kg) is less than the calculated background 
value (31,700 µg/kg).  Only three lithium sample results greater than background are present in IA05.  While 
the vertical distribution in these samples is inconsistent and does not suggest any apparent trend regarding 
sample depth, shallow bedrock is not present within the main portion of IA05.  The inconsistent relationship 
between lithium concentrations and sample depths may be due to the presence of significant amounts of fill 
in IA05. 
 
TS.4.4.4   IA06 (Eastside Soil) 
 
Potential contamination from radiological COIs in IA06 appears to be limited to a localized area in the south-
central portion of the IA.  During initial sampling, only one soil sample exceeded the total uranium screening 
level.  In Phase III, a gridded soil sampling approach was applied to IA06 to address thorium data gaps, and 
to determine the suitability of potential close-out of the area.  The gridded sampling approach was designed 
for this portion of the site to provide data for determination of the suitability of the area for close-out. 
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All three samples with exceedances of the RI total uranium screening level of 30 pCi/g were vertically 
bounded by samples below with total uranium below the screening level.  The general location of these 
samples in the south-central portion of the IA is near the localized zone described in the RI Report as 
potentially impacted by past fill placement activities.  Soil boring logs for these locations indicated mostly 
clay/silt with some gravelly sand or rock and brick/concrete debris.  
 
The highest levels of thorium-230 were found to be collocated with total uranium above the screening level.  
Radium-226 and radium-228 results were not elevated and were collocated with total uranium and thorium-
230.  
 
A black layer with a slight hydrocarbon odor was observed in approximately five of the soil borings 
completed in IA06, generally from 8-10 ft bgs.  The material, observed in the central portion of the IA and in 
one boring in the northeast corner, is similar to that observed in the IA08 river sediment samples, and may be 
indicative of a historical oil spill in the area or in the Cuyahoga River. 
 
Based on the results of the BRA, the following four compounds were identified as Significant COPCs for 
IA06 soil: 
 
• Total uranium; 
• Thorium-230;  
• Lead-210; and  
• Radium-226. 
 
There were no MED-related chemical Significant COPCs identified for IA06 soil. 
 
TS.4.4.5   IA07 (Westside Soil) 
 
Soil characterization efforts identified one main area of radiological COI contamination in IA07.  This area is 
located in the southern portion of the IA adjacent to the Milan Trucking Company property, where evidence 
of yellowcake material was found in association with building debris and previously identified radiological 
COI surface soil contamination was confirmed.  Gamma walkover survey and soil sampling results indicate 
contamination is not present as a widespread continuous layer in this area but apparently was scattered 
during fill emplacement/disposal activities, potentially throughout the fill material in this entire area.   
 
The close proximity of these sample locations to the Milan Trucking Company property further suggests that 
defining the extent of these yellowcake covered fill materials may not be possible under current site 
conditions.  These site factors and the nature of the buried fill material introduce uncertainty regarding the 
extent of potentially highly contaminated soil and/or fill material throughout a relatively large portion of 
IA07. 
 
Based on the results of the BRA, the following seven constituents were identified as Significant COPCs for 
IA07 soil: 
 
• Total uranium; 
• Thorium-232; 
• Thorium-230; 
• Thorium-228; 
• Radium-228; 
• Lead-210; and 
• Radium-226. 
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There were no MED-related chemical Significant COPCs identified for IA07 soil. 
 
TS.4.5  Historical Pit/Pond Soil 
 
In Phase III, ten soil borings were completed in IA03 and IA04 within the footprints of a historical pit and 
evaporation/retention pond identified in historical information.  No elevated results were measured within the 
footprint of the historical pond in IA04, suggesting no impact from the retention pond that may have been 
located in this area in the past.   
 
In the area of the historical pit just north of Building G-1, several samples exceeded the RI total uranium 
screening level of 30 pCi/g.  These samples were collected from black fill material containing fragments of 
brick, rock, or slag.  Samples with elevated total uranium results were bound vertically with samples below 
that were not elevated.  Uranium sample results indicate soil in the area up to a depth of 6 ft bgs may be 
contaminated due to the past presence of a waste pit in the area.  Although the presence of black material at 
deeper depths than was observed in other RI soil borings completed near this area indicates there may have 
been a pit or hole in this area, total uranium values from the soil borings completed during third phase of the 
RI are consistent with total uranium measured in this material from other RI soil borings in the area. 
 
Elevated levels of thorium-230 and radium-226 (relative to other samples) were measured at the boring with 
the maximum level of total uranium.  The samples collected in this area are bound laterally by Building G-1 
and by other RI soil borings. 
 
TS.4.6  Targeted Concrete Slabs 
 
In Phase III, ten soil samples were collected from the soil beneath targeted concrete slabs in IA03, IA04, and 
IA05.  Results for these samples are discussed by constituents below.  In summary, only two samples 
exceeded the RI screening level of 30 pCi/g of total uranium (one sample was collected from IA04 and one 
from IA05).  The maximum value of 176.11 pCi/g was measured at IA05-SB0060 (from 0-2 ft below the 
concrete).  The material sampled consisted of black slag and fill material with some silt.  This type of fill 
material was also encountered at some of the other locations under concrete slabs.  No elevated results were 
measured for thorium-230, radium-226, or radium-228.  
 
TS.4.7  Sediment and Surface Water Characterization 
 
The following sections summarize sediment and surface water characterization activities conducted for IA08 
and IA09 during the RI. 
 
TS.4.7.1   IA08 (Sediment and Surface Water in the Cuyahoga River and Big Creek) 
 
Twelve collocated sediment and surface water samples were collected for analysis of radiological and 
chemical COIs from locations in the Cuyahoga River and Big Creek adjacent to the Former Harshaw 
Chemical Site.  Although no Significant COPCs were identified in the RI BRA for sediment or surface water 
based on the results of the sampling, one sediment sample contained elevated total uranium (relative to the 
other IA08 sediment samples).  This sample location is in close proximity to the area of radiologically-
contaminated subsurface fill material in IA04 along the Cuyahoga River west bank. 
 

Former Harshaw Chemical Site Page TS-26 
Remedial Investigation Report 
Revision 1  
December 2009 



TS.4.7.2   IA09 (Sewers and Drains) 
 
On-site sanitary and storm water sewers, drains, and outfalls were characterized through the following 
activities: 
 
• Sediment and surface water sampling from manholes; 
• Sediment sampling from material deposited below the sewer outfalls; 
• Sampling of the backfilled material surrounding the sewer pipes; 
• Geophysical surveys to identify unknown or uncertain sewer locations; 
• Storm sewer junction southeast of Building G-1; and 
• North-south main sanitary sewer line traversing IA03/IA04. 
 
Although soil backfill sampling associated with the storm and sanitary sewers was conducted as part of the 
IA09 RI investigation, potential risks associated with sample results from these locations were evaluated in 
the BRA based on their site IA location with other soil results (e.g. IA09 storm sewer backfill samples 
located in IA03 included in IA03 soil BRA datasets).  Discussion of the IA09 results and associated risk 
evaluations in the BRA only apply to water and sediment located within the sewer lines. 
 
Radiological COIs identified within the sewer system near Building G-1 may have been transported and 
deposited by surface water runoff, the building floor drain system, or groundwater infiltration.  Similarly, the 
elevated levels of radiological COIs identified in the main sanitary sewer line running through IA03 is likely 
associated with infiltration of groundwater in the vicinity of Building G-1.  This conclusion is supported by 
documented evidence the sanitary sewer line is also impacted by non-MED/AEC related chemical 
constituents in groundwater in IA03.  In addition, records indicate that acidic liquid raffinate from the 
refinery in Building G-1, potentially containing uranium and thorium-230 residuals may have been 
discharged to the on-site sewer system during production operations.  Sampling of soils surrounding the 
storm sewer junction southeast of Building G-1 (location STM-TR1) contained total uranium and thorium-
230 above screening levels.  Unexpectedly, this location also produced an anomalously high detection of 
cesium-137.  While cesium-137 is a non-MED/AEC radionuclide, it was included in the BRA in the 
estimation of total risks under IA09. 
 
In Phase III, two samples were collected from the soil and backfill material surrounding the storm sewer 
junction southeast of Building G-1 (location STM-TR1).  One of the two samples contained total uranium 
above the RI screening level of 30 pCi/g and thorium-230 and radium-226 above the most conservative 
background values.  The sample was collected from the saturated silt/clay material beneath the concrete pipe 
cradle (at 6 ft bgs).  The elevated results (total uranium at 72.71 pCi/g and thorium-230 at 15.80 pCi/g) 
suggest potential impact from the sewer line (i.e., through leaking) to the underlying soil, or from the 
placement of contaminated fill material during sewer line installation.  G-M screening in the field detected 
radioactivity in this material above background.  The sample collected from the sand backfill above the pipe 
contained total uranium below the screening level, suggesting this portion of the backfill was not 
contaminated when it was placed over the pipe. 
 
A portion of the sanitary sewer line that traverses IA03 and IA04 was exposed through trenching in IA03.   
Four samples were collected from the material surrounding the sanitary sewer line.  Sample results from the 
soil surrounding the sanitary sewer line do not indicate high levels of contamination due to leaking from the 
pipe, or the placement of contaminated backfill. 
 
The occurrence of elevated total uranium in sewer line sediment introduces uncertainty regarding the extent 
of potentially contaminated media throughout the sewers and drains system at the site.  Because of the 
limited nature of the IA09 sampling due to underground utility clearances and limited site under-drain 
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knowledge, it is unclear to what extent material (sediment and surface water) is able to move through the 
underground network of sewer lines.  Blockages may be present within these lines, impeding transport of 
total uranium impacted-media.  Access to sediment and surface water within these lines is only available at 
manhole and/or catch basin locations, and limits further investigative sampling.  Any additional efforts to 
characterize the nature and extent of contamination in the sewer lines may be conducted in support of an FS 
or potential future remedial actions, where potential impacts to site infrastructure may be better addressed.   
 
No MED-related Significant COPCs were identified in IA09. 
 
TS.4.8  Groundwater (IA10) 
 
Groundwater characterization was performed through monitoring well, temporary piezometer, and temporary 
well point installation; groundwater level measurements; slug testing; and groundwater sampling. 
 
The groundwater flow pattern across the majority of the site is in an eastward direction.  Potentiometry 
suggests that groundwater flows radially away from the bedrock high west of Buildings G-1 and the Boiler 
House in all directions, with limited flow towards the western or up-gradient portion of the site.  
Groundwater west of the divide flows generally west along a noticeably less steep gradient than east of the 
divide.  A distinct relationship appears to exist between surface water level/streamflow in the Cuyahoga 
River and Big Creek and groundwater levels/flow across the site.  Normal baseflow conditions, as derived 
from potentiometry, show the portion of IA04 adjacent to the Cuyahoga River conforms with the general 
west to east flow of groundwater across the site.  However, during high river flow events (flood stages), the 
near-river flow direction is reversed due to bank storage effects.  The river water infiltrates into the coarse-
grained fill and natural materials along the river bank, which appear to have significantly higher permeability 
than other surrounding native material (i.e., floodplain deposits below anthropogenic fill).  
 
Results of the slug testing produced hydraulic conductivity values for the screened interval material ranging 
from 0.13 feet/day (ft/day) (well DM-4) to a maximum of 151.9 ft/day (well DM-30R).  Most of the wells 
with the highest hydraulic conductivities are located in close proximity to the banks of the Cuyahoga River 
and/or Big Creek, where coarse-grained fill material and channel deposits dominate the saturated thickness.  
Both boring log and hydraulic conductivity data indicate the fill and natural material adjacent to the river and 
creek appears to be more permeable than native site soil to the west. 
 
The following constituents were identified as Significant COPCs for IA10 groundwater: 
 
• Total uranium (chemical); 
• Lithium; and 
• Thorium-230. 
 
Above-screening level chemical total uranium results in IA10 groundwater (Phase I and II) appear to be 
concentrated both inside and around Building G-1.  Source material processed in this building allowed for 
the transmission of the total uranium source into soil beneath and around Building G-1.  The subsurface 
bedrock ridge in this area allows for transport of these constituents to down-gradient areas of the site.  Levels 
of total uranium in groundwater generally decrease with increased distance from Building G-1. 
 
TS.4.9  Investigation-Derived Waste 
 
RI-generated waste samples (solid and liquid investigation-derived waste [IDW]) were collected to 
characterize the wastes and identify disposal options.  A total of nine solid and three liquid IDW samples 
were collected and analyzed for waste characterization parameters. 
 

Former Harshaw Chemical Site Page TS-28 
Remedial Investigation Report 
Revision 1  
December 2009 



All liquid IDW meeting disposal facility requirements was transported off-site to Clean Harbors 
Environmental Services, Massachusetts.  A total of 158 drums containing liquid IDW generated during Phase 
I was shipped off-site for disposal on May 25, 2004.  An additional 32 Phase II liquid IDW drums were 
shipped off-site for disposal on December 16, 2004, with the exception of four drums which exceeded 
disposal requirements for total uranium.  These drums were shipped to EnergySolutions in Clive, Utah on 
April 24, 2008.  All RI-generated solid IDW was shipped to EnergySolutions on April 24, 2008. 
 
TS.5   NUMERIC GROUNDWATER FLOW AND TRANSPORT MODELING 
 
A numerical groundwater flow, particle tracking, and solute transport model of IA03, IA04, IA05, and a 
portion of IA07 was compiled by USACE-Buffalo to estimate near-term and future risks to groundwater 
from site contaminants. 
 
Model calibration was performed using the parameter estimating software tool (PEST) module of 
groundwater modeling system (GMS) and manual methods where needed to create a best representation of 
the site hydrogeology and meet calibration targets.  The calibrated, steady-state condition was used as the 
basis for the transient-state particle-tracking and contaminant transport models that were used to predict flow 
pathways and contaminant fate (see figures below).  The pathway analysis indicates that the sewer-line 
groundwater extraction system is a sink for up-gradient and on-site groundwater west of Building G-1, 
whereas the Cuyahoga River is the primary groundwater sink in the balance of the model.  The sewer-line 
sink influences the western site area and the western half of the Building G-1 area; the Cuyahoga River and 
Big Creek receive groundwater from the balance of the site.  The particle tracking also shows that 
groundwater travel times vary throughout the site, and generally require about 5 years to flow advectively 
from the Building G-1 area to the surface waters. 
 
The contaminant transport analyses indicate that the plume near Building G-1 is migrating towards the 
Cuyahoga River within the performance period; the plume may not impact the river with above-background 
uranium concentrations for approximately 900 years.  The assumed continued operation of the sewer-line 
extraction system for nickel mitigation and site-specific soil partitioning of uranium together slow uranium 
migration from the Building G-1 area.  The model also includes uranium inputs from soil-contaminant 
leaching to the already high concentrations in groundwater near Building G-1, which allows the plumes to 
persist beyond the 1,000-year performance period, and consequently indicates the need for source-term 
control to prevent probable riverine contamination.  The figure below presents the steady state flow model 
results or the observed plume, 100 year plume, and 1,000 year plume. 
 

Total Uranium - Steady State Flow Model Results

100 Year Plume 1000 Year PlumeObserved Plume
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TS.6   BASELINE RISK ASSESSMENT 
 
The BRA was conducted to provide an analysis of the risks to human health and the environment associated 
with past MED/AEC activities at the site if no FUSRAP remediation were to occur.  The BRA consists of 
three components: 
 
• Human health risk assessment (HHRA): An evaluation of the risks to human health from radioactive and 

chemical constituents remaining in environmental media at the site as a results of on-site MED/AEC 
activities; 

• Building HHRA: An evaluation of the human health risks associated with exposures to radiological 
contamination remaining within the buildings at the site; and 

• Screening level ecological risk assessment (SLERA): An evaluation of the risks to ecological receptors 
from FUSRAP-related contamination in environmental media.   

 
The sections below give a brief summary of how the results of the BRA compare to two different 
benchmarks that indicate whether or not the risks and doses are acceptable (i.e., whether further action is 
warranted within each of the exposure units [EUs], for different land-use scenarios).  These benchmarks are: 
 
• The upper range of acceptable incremental lifetime cancer risks (1 in 10,000 or 1E-04), as indicated in 

the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) (USEPA 1990); and 
• The annual dose rate suitable for unrestricted release (25 mrem/year [yr]) following decommissioning of 

a United States NRC licensed site, as specified in Subpart E of 10 Code of Federal Regulations (CFR) 
20.   

 
Risks and doses were calculated for both the reasonable maximum exposure (RME) as well as the central 
tendency exposure (CTE) for both current conditions and 1,000 years in the future. 
 
TS.6.1  Human Health Risk Assessment for Environmental Media 
 
Specific objectives of the HHRA were as follows: 
 
• Estimate potential human health risks associated with exposures to constituents of concern (COCs) at the 

site if no remedial action under FUSRAP occurs, which can be used in potential future remedial 
activities or a FS to evaluate risk reduction for the various remedial action alternatives under FUSRAP. 

• Identify locations that pose no unacceptable risks to human health, and thus require no further action. 
• Develop a list of the COCs at the site that contribute significantly to unacceptable risks to human health. 
• Develop risk-based concentrations for the COCs to provide a basis of PRGs for use in the evaluation of 

FUSRAP remedial action in the FS.  This will focus future remedy selection on COCs that are the 
significant contributors to human health risks. 

 
For the purpose of estimating risks, the site was divided into separate EUs.  The EUs represent areas over 
which a receptor is likely to average his or her exposure.  The results for these environmental media EUs are 
discussed below.  Water, sediment, or backfill soil in IA09, sewers and drains, are included as EU 8, but only 
for potential exposure to a future construction worker, because there is no chronic exposure pathway for 
these media to other populations.  
 
The terms “surface soil” and “total soil” refer to the data used to calculate the EPCs in soil in this assessment.  
Surface soil refers to contaminant data collected in the top 2 ft of soil, and total soil refers to contaminant 
data collected through the entire length of the soil profile, generally down to a depth of 13 ft bgs.   
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The HHRA evaluated the risk to human receptor populations that were reasonably anticipated to be exposed 
to site-related constituents.  Both current and potential future land use scenarios were evaluated.  The 
following receptors were evaluated as part of the HHRA: 
 
• Maintenance worker (current); 
• Trespasser/recreational user (current/future) adult and adolescent; 
• Industrial worker (future); 
• Construction worker (future); 
• Resident (future) adult and child; and 
• Subsistence farmer (future) adult and child. 
 
The exposure pathways evaluated varied for each of the receptors consistent with the likely means of 
exposure and included one or more of the following: 
 
• Inhalation; 
• Incidental ingestion of soil, sediment, and surface water; 
• External gamma exposure; 
• Ingestion of game fish (trespasser/recreational user, resident, subsistence farmer); 
• Ingestion of groundwater (subsistence farmer); 
• Ingestion of home-grown produce (resident and subsistence farmer); and 
• Ingestion of home-grown milk and meat (subsistence farmer). 
 
Only the radiological risks and doses are summarized here.  The non-cancer risks (i.e., due to non-
carcinogenic chemical exposures) are not summarized here, as none of the chemical COIs posed an 
unacceptable risk in any of the soil EUs.  The only non-cancer chemical risk that was found to have a hazard 
quotient exceeding the acceptable limit of 1 was for the subsistence farmer exposed to uranium in drinking 
water (EU 7). 
 
TS.6.1.1   EU 1 - Surface and Total Soil Beneath Building G-1 and Surrounding Surface and Total Soil 

(IA03) 
 
For the RME, radiological cancer risks are at or above 1E-04 for the maintenance and industrial workers, 
resident, and farmer in EU 1.  Risks for the industrial worker only exceed 1E-04 at the end of the evaluation 
period (i.e., at 1,000 years).  The risk maximizes at year 1,000 for all receptors due to the ingrowth of 
radium-226 from thorium-230.  Uranium also contributes significantly to risk in this EU.   
 
For the RME, annual dose rates are above 25 mrem/year for the maintenance worker and resident, but only at 
the end of the evaluation period (year 1,000).  The subsistence farmer is estimated to receive doses above 25 
mrem/year during the later part of the evaluation period (from 185 years through 1,000 years).  For all other 
users, the annual dose rates are below 25 mrem/year.   
 
In the 0 - 13 ft soil interval, the hazard indices for both lithium and kerosene were at 1 (the acceptable limit) 
for the most intensive exposure scenario evaluated, that of the child subsistence farmer.  These 2 FUSRAP 
COIs are therefore identified as significant COPCs for this scenario only.  Elevated concentrations of these 
constituents appear to be co-located with elevated uranium concentrations in this EU. 
 
The CTE was only quantified for the subsistence farmer.  The CTE cancer risks exceed 1E-04 for the 
subsistence farmer throughout the evaluation period.  The CTE annual dose rate does not exceed 25 
mrem/year at time 0, but it does exceed 25 mrem/year at later times in the evaluation period (i.e., at years 

Former Harshaw Chemical Site Page TS-31 
Remedial Investigation Report 
Revision 1  
December 2009 



185 and 1,000), due to uranium concentrations peaking in groundwater (at year 185) and ingrowth of radium-
226 from thorium-230 at year 1,000.   
 
TS.6.1.2   EU 2 – Northside Complex Surface and Total Soil (IA04) 
 
For the RME, radiological cancer risks are above 1E-04 only for the maintenance worker, and the resident 
and farmer.  Risks for all other receptors are below 1E-04 in this EU.  Risks for the maintenance worker only 
exceed 1E-04 at the beginning of the evaluation period (i.e., at year 0).  Uranium and thorium-230 are the 
main risk drivers in this EU. 
 
For the RME, the only receptor with annual dose rates above 25 mrem/year is the subsistence farmer.  For all 
other receptors, the annual dose rates are below 25 mrem/year.    
 
No FUSRAP chemical COI had a hazard index above the acceptable risk threshold in this EU. 
 
The CTE was only quantified for the subsistence farmer.  The CTE cancer risks exceed 1E-04 for the 
subsistence farmer at all times evaluated within 1,000 years.  The CTE annual dose rate does not exceed 25 
mrem/year at time 0, but it does exceed 25 mrem/year at intermediate times in the evaluation period (i.e., at 
years 185 and 335), due to uranium and neptunium-237 concentrations peaking in groundwater (at years 185 
and 335, respectively), according to residual radioactivity computer code (RESRAD) groundwater modeling 
results. 
 
TS.6.1.3   EU 3 – Southside Complex Surface and Total Soil (IA05) 
 
For the RME, radiological cancer risks are at or above 1E-04 only for the maintenance and industrial 
workers, resident, and farmer in EU 3.   Total risks remain fairly constant throughout the 1,000 year 
evaluation period, due to contributions from radium-226, thorium-232 (and daughters), thorium-230, and 
total uranium. 
 
For the RME, annual dose rates are above 25 mrem/year only for the subsistence farmer receptor, and only 
for the later years in the evaluation period (185, 335, and 1,000). 
 
In the 0 - 13 ft soil interval, the hazard index for lithium is at 1 (the acceptable limit) for the most intensive 
exposure scenario evaluated, that of the child subsistence farmer.  Elevated concentrations of lithium appear 
to be co-located with elevated uranium concentrations in EU 3. 
 
The CTE was quantified only for the subsistence farmer.  The CTE cancer risks exceed 1E-04 for the 
subsistence farmer at all times evaluated within 1,000 years.  The CTE annual dose rate does not exceed 25 
mrem/year at time 0, but it does exceed 25 mrem/year at later times in the evaluation period (i.e., at years 
185, 335, and 1,000), due to uranium concentrations peaking in groundwater (at year 185) and radium-226 
ingrowth from thorium-230 (at year 1,000). 
 
TS.6.1.4   EU 4 – Eastside Surface and Total Soil (IA06) 
 
In EU 4, there is very little radioactivity above background concentrations.  For the RME, radiological cancer 
risks are below 1E-04 for all scenarios except for the resident and subsistence farmer in EU 4.  For these two 
receptors, the risk maximizes at year 185 when uranium concentration peaks in groundwater (according to 
the RESRAD calculations), and the receptors are exposed to uranium mainly via irrigation of produce 
(resident) or direct ingestion of drinking water (subsistence farmer). 
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For the RME, for all scenarios, the annual dose rate is below 25 mrem/year at all times evaluated within 
1,000 years. 
 
The CTE was only quantified for the subsistence farmer.  The CTE cancer risk equals 1E-04 only at 185 
years in EU 4.  This risk estimate assumes that the farmer is using site groundwater for a source of drinking 
water.  However, as the Cuyahoga River is a local sink for site groundwater, it is unlikely that groundwater 
beneath EU 4 is contaminated with uranium.  If the drinking water pathway is not considered in the EU 4 risk 
assessment, then the total risk for the farmer in EU 4 would fall below the cancer risk range. The CTE annual 
dose rate does not exceed 25 mrem/year at any time in EU 4.   
 
TS.6.1.5   EU 5 – Westside Surface and Total Soil (IA07) 
 
For the RME, radiological cancer risks are at or above 1E-04 only for the maintenance and industrial 
workers, resident, and farmer in EU 5.  Total risks remain fairly constant throughout the 1,000 year 
evaluation period due to contributions from thorium-232 (and daughters), as well as radium-226, thorium-
230, and total uranium. 
 
For the RME, annual dose rates are above 25 mrem/year only for the subsistence farmer receptor, and only 
for the later years in the evaluation period (185, 335, and 1,000). 
 
The CTE was quantified only for the subsistence farmer.  The CTE cancer risks exceed 1E-04 for the 
subsistence farmer throughout the evaluation period.  The CTE annual dose rate only exceeds 25 mrem/year 
at the time of 185 years, when uranium concentration peaks in the groundwater.   
 
TS.6.1.6   EU 6 – Sediment and Surface Water in the Cuyahoga River and Big Creek Stretches 

Adjacent to Site (IA08) 
 
The only human receptors that were evaluated in this EU (sediment and surface water in Big Creek and 
Cuyahoga River) were the trespasser/recreational users, construction worker, resident, and the subsistence 
farmer.  The exposure to surface water and sediments is not as extensive as it is to soil for these receptors.  
For the RME and CTE, radiological cancer risks are below 1E-04 for all receptors.  The RME and CTE doses 
for all receptors evaluated are below 25 mrem/year in this EU.    
 
TS.6.1.7   EU 7 – Groundwater within the Unconsolidated Aquifer, North of Big Creek/West of the 

Cuyahoga River (IA10) 
 
The only human receptors assumed to have direct exposure to site-wide groundwater (EU 7) were the 
construction worker and subsistence farmer.  Incidental exposure to the construction worker resulted in RME 
risks and doses below 1E-04 and 25 mrem/year, respectively.  However, RME risks to the subsistence 
farmer, who was assumed to use the groundwater as a source of drinking water, were above 1E-04.  RME 
doses to the subsistence farmer were above 25 mrem/year, mainly due to the presence of uranium in the 
groundwater.    
 
TS.6.1.8   EU 8 – Sewers and Drains (IA09) 
 
The future construction worker is the only receptor that is assumed to have exposure to media in and around 
sewers and drains (EU 8).  The maximum incremental lifetime cancer risk (ILCR) for the construction 
worker in EU 8 is 4E-5 (year 0), within EPA’s acceptable cancer risk range.  In EU 8, the main COPC 
contributing to risk is Cs-137.   Exposure to the underground utilities results in an annual dose rate of 57 
mrem/year at the beginning of the evaluation period.  This is the only EU in which the annual dose rate 
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exceeds the benchmark of 25 mrem/year at the beginning of the evaluation period.  This is mainly due to the 
presence of cesium-137 in the soil beneath the utilities coming out of Building G-1.   
 
TS.6.2  HHRA for Building Media  
 
A separate assessment of the human health risks associated with exposures to the radioactive contamination 
on the applicable existing building surfaces was performed to allow direct use of the measured data generally 
reported in units of disintegrations per minute per 100 cm2 (dpm/100 cm2).  The radiological contaminants in 
the buildings are expected to be the same as in environmental media, that is, principally isotopes of uranium 
and thorium and their resultant decay products.  Most of the data collected for the buildings consist of non-
radionuclide-specific measurements collected using scanning instruments, and generally consist of:   
 
• Total beta activity; 
• Removable beta activity; 
• Total alpha activity; 
• Removable alpha activity; and 
• External gamma dose rate. 
 
Alpha activity is often difficult to measure because thin layers of dust and moisture can act as an effective 
shield, thus precluding measurement.  Beta radiation is more penetrating and can typically be measured 
through dust and moisture and even thin layers of paint.  The beta radiation measurements are thus 
considered much more reliable than the alpha radiation measurements, and were used in this assessment. 
 
The results of these volumetric samples were used to develop relative activity ratios.  These ratios were used 
in conjunction with the surface scan measurements to estimate the concentration of the individual 
radionuclides associated with the individual scan measurements.  Since the beta radiation measurements are 
considered to be more representative of the contamination remaining in the buildings than the alpha radiation 
measurements, the assessment was limited to use of the beta radiation scanning results.  In addition, since the 
primary contaminant in the buildings (uranium) has associated beta radiation through its short-lived decay 
products, this is a reasonable approach for performing this risk assessment using these available data.  From 
the volumetric data, it was determined that nearly 96% of the beta particles were associated with uranium-
238 and its two short-lived decay products. 
 
The three receptors considered in this assessment were an industrial worker, a construction worker, and a 
maintenance worker.  These same three types of receptors were also included in the HHRA for 
environmental media, but this assessment assumed that the exposures of these workers are limited to the 
contamination in the buildings, including the roofs and other external surfaces.  It is also assumed that use of 
these buildings is limited to industrial activities, so that it is not necessary to address residential or 
recreational exposures.  This assessment is limited to current conditions and does not consider future risks as 
was done for the HHRA using the RESRAD computer code.  While the receptors addressed for the buildings 
are considered to be different individuals than those addressed in the HHRA, the results for these two 
assessments could be apportioned based on the relative time spent at each of these two areas and then added 
in order to consider the cumulative worker risk and radiation dose for exposure to both environmental media 
and building contamination.    
 
The analysis addressed intakes from inhalation, ingestion, and external gamma irradiation.  The results of 
these calculations were presented in terms of incremental cancer risk and annual radiation dose in the same 
manner as for the HHRA.  The inhalation and ingestion intake equations were modified to allow use of the 
measured surface concentrations (in dpm/100 cm2) and the beta activity ratios for the individual 
radionuclides.  The external gamma irradiation pathway was calculated using measured values obtained by 
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hand-held instruments.  The two uranium isotopes (uranium-238 and uranium-234) were the major 
radioactive contaminants for the inhalation and ingestion pathways.  The major radionuclide giving rise to 
the external gamma radiation dose can not be directly determined, as measured dose rates were used for this 
pathway.   
 
The cancer risks and radiation doses are largest for exposures in Building G-1.  This is as expected, since this 
was the main processing building for uranium concentrates sent to the HCC.  The main exposure pathway in 
this building is inhalation of contaminated airborne particulates.  The highest maximum cancer risk to any 
worker is calculated to be 5.4E-03 in this building using RME assumptions, and the annual dose to this 
worker is calculated to be 7,500 mrem/year.  These risk and dose estimates for all workers decrease by about 
a factor of ten if CTE assumptions are used.  The cancer risks and radiation doses in the other buildings 
addressed in this assessment (Boiler House, Foundry, Warehouse, Garage, and Scale House) are significantly 
lower. 
 
Some of the building EUs are comprised of exterior surfaces.  Only the construction worker and exterior 
maintenance worker are assumed to have exposure to these exterior EUs.  Other building EUs are comprised 
of interior building surfaces, to which the industrial worker, construction worker, and interior maintenance 
worker are assumed to have exposure.  Results of the building HHRA are summarized below. 
 
TS.6.2.1   EU B1 - Building G-1 Exterior 
 
The building EU B1 represents exterior surfaces on the Building G-1 walls, roofs, and windowsills.  In this 
EU, RME ILCR and annual dose rates exceed 1E-04 and 25 mrem/year, respectively, for both workers.  
However, the CTE ILCR does not exceed 1E-04 for either worker.  The CTE annual dose rate exceeds 25 
mrem/year only for the construction worker. 
 
TS.6.2.2   EU B2 - Portions of Building G-1 Interior 
 
This building EU comprises the inside of the east structure of Building G-1.  The RME ILCR and annual 
dose rate exceeds 1E-04 and 25 mrem/year, respectively, for all three workers in this interior building EU.  
Although the CTE annual dose rate also exceeds 25 mrem/year for all three workers, the CTE ILCR exceeds 
1E-04 only for the industrial and interior maintenance workers.   
 
TS.6.2.3   EU B3 - Portions of Building G-1 Interior 
 
The interior surfaces of the Building G-1 2nd floor and south structure are included in this building EU.  The 
RME, ILCR and annual dose rate exceeds 1E-04 and 25 mrem/year, respectively, for all three workers in this 
interior building EU.  Although the CTE annual dose rate also exceeds 25 mrem/year for all three workers, 
the CTE ILCR exceeds 1E-04 only for the industrial worker.   
 
TS.6.2.4   EU B4 - Portions of Building G-1 Interior 
 
This building EU includes the north structure interior walls and mezzanine floor for this interior building EU.  
The RME ILCR and annual dose rate exceeds 1E-04 and 25 mrem/year, respectively, for all three workers.  
Although the CTE annual dose rate also exceeds 25 mrem/year for all three workers, the CTE ILCR exceeds 
1E-04 only for the industrial and interior maintenance workers. 
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TS.6.2.5   EU B5 - Boiler House Exterior 
 
This EU comprises the exterior surfaces of the Boiler House walls, window sills, and roof.  Neither the RME 
nor CTE ILCRs exceed 1E-04 for either of the outside workers for exposure to this exterior EU.  However, 
the RME and CTE annual dose rate does exceed 25 mrem/year for the construction worker.   
 
TS.6.2.6   EU B6 - Boiler House Interior 
 
This EU includes the accessible surfaces inside of the Boiler House.  In this EU, the RME, but not CTE 
ILCR, is above 1E-04 for the industrial worker.  The RME, but not CTE annual dose rates are above 25 
mrem/year for the industrial and construction workers.   
 
TS.6.2.7   EU B7 - Foundry 
 
This building EU includes exterior surfaces on the Foundry walls, window sills, roof, wall caps, and gutters.  
The RME resulted in ILCR above 1E-04 for the construction worker.  The CTE results in ILCR below 1E-04 
for all workers.  The RME resulted in an annual dose rate above 25 mrem/year for both outside workers, the 
construction worker and exterior maintenance worker.  The CTE annual dose rate remains above 25 
mrem/year for the construction worker only.   
 
TS.6.2.8   EU B8 - Warehouse Exterior 
 
The exterior surfaces of the Warehouse, including walls, ramps, window sills, roof and roof vent comprise 
this building EU.  The only risk or dose which exceeds a threshold is the RME annual dose rate for the 
construction worker.  All other RME and CTE risks and doses for all other workers are below 1E-04 and 25 
mrem/year, respectively.   
 
TS.6.2.9   EU B9 - Warehouse Interior 
 
This building EU includes the inside of the Warehouse.  Although the RME ILCR for the industrial worker is 
above 1E-04, the CTE risks are below the risk threshold.  Both the RME and CTE annual dose rates are 
below 25 mrem/year for all three interior workers in this EU.   
 
TS.6.2.10   EU B10 - Garage 
 
The outside surfaces of the Garage comprise this building EU, including Garage walls, window sills, and 
roof.  The only risk or dose which exceeds a threshold is the RME annual dose rate for the construction 
worker.  All other RME and CTE risks and doses for all other workers are below 1E-04 and 25 mrem/year, 
respectively.   
 
TS.6.2.11   EU B11 - Scale House Exterior 
 
The exterior walls and roof comprise this building EU.  The only risk or dose which exceeds a threshold is 
the RME annual dose rate for the construction worker.  All other RME and CTE risks and doses for all other 
workers are below 1E-04 and 25 mrem/year, respectively.   
 
TS.6.2.12   EU B12 - Scale House Interior 
 
This building EU includes the inside of the Scale House.  In this EU, the RME, but not CTE, ILCR is above 
1E-04 for the industrial worker.  The RME, but not CTE annual dose rates are above 25 mrem/year for both 
the industrial and construction workers.    
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TS.6.3  Screening Level Ecological Risk Assessment 
 
The purpose of the SLERA was to determine the potential for adverse ecological risks resulting from 
exposure to chemicals and radionuclides released to the environment during past MED/AEC-related 
activities at the Former Harshaw Chemical Site.   
 
The SLERA provides information to scientists and managers for the first scientific management decision 
point (SMDP) that allows for a determination of one of the following outcomes:   
 
• Ecological risk at the site is negligible;  
• The potential for ecological risk is great enough and sufficient information exists to proceed with a 

remedial action; or  
• Further information and evaluation are needed to better define potential ecological risks at the site. 
 
The SLERA was performed for the site following guidance from the USEPA, Ohio EPA, and the DOE.  It 
utilized a tiered screening approach to identify exposure units or receptors that can be eliminated from 
further analysis due to negligible risk, and was accomplished by performing the following steps:   
 
• Screening Level Problem Formulation; 
• Site-specific Screening Level Ecological Risk Assessment Methods; 
• Site-specific Screening Level Exposure Estimates; 
• Screening Level Risk Characterization; 
• Uncertainties; 
• Refinement of the SLERA; and 
• Scientific Management Decision Point. 
 
The SLERA evaluated potential risks to ecological receptors using site analyte concentrations in soil, 
sediment, and surface water.  It evaluated the same EUs and media evaluated for the HHRA.   
 
Risks due to radionuclide exposures were evaluated using the DOE graded approach for evaluating radiation 
doses to biota.  This approach is analogous to the USEPA and Ohio EPA tiered approach for ecological risk 
assessments, and begins by screening site-related concentrations of radionuclides against biota concentration 
guidelines that were developed to ensure that radiological dose limits protective of ecological receptors are 
not exceeded.  The concentrations of radionuclides in each medium within each EU did not exceed these 
protective concentrations.  Hence, the SLERA for radionuclides ended at step 2 of the site-specific analysis.  
The radiation doses were not calculated per se, rather, the evaluation ended because the sum of fractions 
using average radionuclide concentrations in each EU was less than 1.   
 
For the site-specific screening level risk characterization, risks due to chemical exposure were evaluated for 
hypothetical receptors that could be exposed to contaminated media at the site.  The terrestrial receptors 
include plants, terrestrial invertebrates (earthworms), rabbits, voles, shrews, robins, foxes, and hawks.  The 
aquatic receptors include benthic invertebrates and aquatic biota.   
 
The ecological hazard index (HI) within each of the exposure units varied from 4 to 95.  However, the 
background concentrations contributed significantly to these elevated hazard indices, indicating that the 
toxicity reference values and/or exposure assumptions used in developing the hazard indices were overly 
conservative.  Therefore, a refinement of the initial screening level risk characterization was accomplished.  
This refinement considered contribution from background, site-specific area use factors (specifically for the 
heron in the riparian zone), availability of habitat, and ecological management goals for the site.  After the 
refinement was performed, more scientifically based conclusions could be drawn for the SLERA. 
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The results of the SLERA indicate that no further action is warranted with respect to ecological receptors.  
There are no sensitive habitats or threatened and endangered species on the site that warrant special 
consideration or protection.  Available habitat at the site is limited under current use conditions, and much of 
it is paved.  Future development of the site may not necessarily continue to be industrial, but it would still be 
done for human benefit.  In addition, no ecosystem or habitat restoration is planned for the site.  One area of 
the site (EU 4) does have somewhat better habitat, but this is also the least contaminated portion of the site.  
All of these considerations support the conclusion that no further action is needed to protect ecological 
receptors at the site.  
 
TS.6.4  Summary of Baseline Risk Assessment Results 
 
As noted in Section TS.6.3, above, the SLERA concludes that no further action is needed for protection of 
ecological receptors from exposure to FUSRAP-related constituents at the site. 
 
However, the human health baseline risk assessment for both environmental media and buildings conclude 
that exposure to some areas of the site (EUs) under certain land use scenarios could result in cancer risks 
and/or radiological doses above risk or dose limits that are generally deemed acceptable for human health.   
These benchmarks are:   
 
• The upper range of acceptable incremental lifetime cancer risks (1 in 10,000 or 1E-04), as indicated in 

the NCP (USEPA 1990); and 
• The annual dose rate suitable for unrestricted release (25 mrem/year) following decommissioning of a 

United States NRC licensed site, as specified in Subpart E of 10 CFR 20. 
 
Risks and doses were calculated for both the RME as well as the CTE for both current conditions and 1,000 
years in the future.  The maximum risks and doses over this time period, for both amounts of exposure are 
summarized in the tables following the TS Section 6.5.  These tables present the summary of incremental 
lifetime cancer risks and annual dose rates within each EU and building EU. 
 
TS.6.5  Conclusions 
 
The following sections provide conclusions regarding the Former Harshaw Chemical Site RI BRA. 
 
TS.6.5.1   Constituents of Concern 
 
For non-carcinogens (i.e., chemicals), preliminary COCs have been identified as those COPCs that exceed an 
acceptable non-cancer risk criterion HI of 1 (as defined in the NCP) for a given receptor and pathway.  For 
carcinogens, (i.e., radionuclides at the Former Harshaw Chemical Site), preliminary COCs have been 
identified as those COPCs that exceed an acceptable cancer risk criterion of 1 x 10-6 in an EU that exceeds a 
total incremental cancer risk of 1 x 10-4. 
 
The results of the risk characterization for radiological constituents for an environmental media site indicate 
there is risk to human receptors for the COPCs as identified for the RME scenario.  The chemical COCs 
identified in groundwater was uranium and lithium.  No COCs were identified in surface water or sediment.   
 
Preliminary radiological COCs for the buildings have been identified through analysis of volumetric samples 
of building materials, the corresponding beta activity ratios, and also consideration of preliminary COCs for 
the HHRA for the environmental media. 
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Preliminary COCs are specific to EUs, media and receptors, and include the following:  

Media COCs 
Surface and total 
soil 

Radium-226 
Thorium-232 
Thorium-230 
Total uranium (uranium-234, 
uranium-235, and uranium-238) 
Lithium* 
Kerosene*  
 

Groundwater Thorium-230 
Total uranium 
Lithium 

Building materials Uranium-234  
Uranium-235 
Uranium-238  
Thorium-230  
Radium-226  
Lead-210  
Thorium-232  
Radium-228  
Thorium-228  
 

*Lithium and kerosene only posed an unacceptable risk for the 
child farmer scenario, and only in areas of the site with 
elevated uranium concentrations. 

 
These constituents represent the significant radiological contribution to human health risk at the site, and will 
need to be addressed in an FS.     
 
TS.6.5.2   Preliminary Remediation Goals 
 
PRGs are media-specific constituent concentrations that are associated with acceptable levels of chemical or 
radionuclide intake.  The site-specific PRGs developed for the Former Harshaw Chemical Site are 
summarized below. 
 
TS.6.5.2.1   Soil and Groundwater Chemical PRGs 
 
Site-specific remediation goals have been calculated for uranium (chemical toxicity) in both groundwater and 
soil.  Uranium (chemical) was only identified as a COC for groundwater.  This is because in soil, the EU-
wide EPCs for uranium are below concentrations that would pose an unacceptable risk to receptors exposed 
to soil.  However, small areas of elevated concentrations of uranium do exist in the soil.  Therefore, uranium 
PRGs for soil were also developed for the range of receptors evaluated.   
 
PRGs were calculated for six receptors including adult and child resident, adult and child farmer, an 
industrial worker, a maintenance worker, a construction worker and trespasser/recreational visitors (adult and 
adolescent), for both soil and groundwater.  For the chemical PRGs, the target risk level for non-cancer 
PRGs was defined as a target HI of 1.  
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Soil PRGs for uranium range from 190 mg/kg to 15,000 mg/kg, depending on the land-use scenario and 
receptor.  PRGs for uranium in groundwater range from 92 micrograms/liter (μg/L) to 320 mg/L, depending 
on groundwater-use scenario and receptor. 
 
TS.6.5.2.2   Soil Radionuclide PRGs 
 
Site-specific PRGs are developed and applied in the context of EU and EPC or dose.  Site-specific PRGs 
have been developed for all radiological COCs based on the most likely applicable or relevant and 
appropriate requirement (ARAR) identified for the site given in Subpart E of 10 CFR 20, which limits the 
annual dose to an average member of the critical group to 25 mrem/year.  In addition, PRGs were developed 
based on meeting an ILCR of 1 in 10,000 (1E-04).  
 
TS.6.5.2.3   Building PRGs 
 
The PRGs for buildings are scenario-specific surface radiological concentrations that are associated with 
acceptable levels of exposure.  Site-specific PRGs have been developed for the three building survey 
measurements (i.e., fixed activity, removable activity, and direct gamma exposure), and assume contribution 
from all COCs.  The dose rate limit used in the PRG development is based on the most likely ARAR 
identified for the site, Subpart E of 10 CFR 20, which limits annual dose rate to an average member of the 
critical group to 25 mrem/year.  
 
PRGs for the building contamination were calculated for RME and CTE scenarios for fixed and removable 
contamination, and for external gamma dose rate for each receptor.  The PRG values for the maintenance 
worker are provided separately for interior and exterior surfaces.  The PRGs are based on a single parameter 
giving an annual dose rate of 25 mrem/year, and are intended to be used in a sum-of-the-fractions 
calculation. 
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Summary of Incremental Lifetime Cancer Risks and Annual Dose Rates Within Each EU 
 

EU1 EU2 EU3 EU4 EU5 EU6 EU7 EU8 

Receptor Type Year 

IL
C

R
 

D
O

SE
 

IL
C

R
 

D
O

SE
 

IL
C

R
 

D
O

SE
 

IL
C

R
 

D
O

SE
 

IL
C

R
 

D
O

SE
 

IL
C

R
 

D
O

SE
 

IL
C

R
 

D
O

SE
 

IL
C

R
 

D
O

SE
 

Current Use 

Trespasser 
Adolescent RME 0 

1,000                 

Trespasser 
Adult RME 0 

1,000                 

Maintenance 
Worker RME 0 

1,000 
x 
x 

 
o 

x 
  x 

x    x 
x        

Potential Future Use 

Industrial 
Worker RME 0 

1,000 
 

x    x 
x    x 

x        

Construction 
Worker RME 0 

1,000                o 
 

Resident RME 
0 

185 
1,000 

x 
x 
x 

 
 

o 

x 
x 
x 

 
x 
x 
x 

 
x 
x 
 

 
x 
x 
x 

       

RME 
0 

185 
1,000 

x 
x 
x 

 
o 
o 

x 
x 
x 

o 
o 
o 

x 
x 
x 

 
o 
o 

x 
x 
x 

 
x 
x 
x 

 
o 
o 

  
x 
x1 
x1 

o 
o1 
o1 

  
Subsistence 
Farmer 

CTE 
0 

185 
1,000 

x 
x 
x 

 
o 
o 

x 
x 
x 

 
o 
 

x 
x 
x 

 
o 
 

 
x 
 

 
x 
x 
x 

 
o 
 

  
x 
x1 
x1 

o 
o1 
o1 

  

 
RME: Reasonable Maximum Exposure     CTE: Central Tendency Exposure 
x  Indicates Incremental Lifetime Cancer Risk (ILCR) >1x10-4     o  Indicates annual dose rate >25 mrem/year 
1 Based on groundwater monitoring results 
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Summary of Incremental Lifetime Cancer Risks and Annual Dose Rate Within Each Building EU 
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BH: Boiler House 
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x  Indicates Incremental Lifetime Cancer Risk (ILCR) >1x10-4  
o  Indicates annual dose rate >25 mrem/year 

 



 

1.   INTRODUCTION 
 
A Remedial Investigation (RI) has been performed at the Former Harshaw Chemical Site in accordance with 
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) under the 
Formerly Utilized Sites Remedial Action Program (FUSRAP). 
 
This document represents a revision of the original Former Harshaw Chemical Site Remedial Investigation - 
Remedial Investigation Report, Revision 0 (September 22, 2006) completed for Phase I and Phase II of the 
RI.  This version of the report incorporates Phase III and Phase IV data collection activities and an updated 
Baseline Risk Assessment. 
 
The Former Harshaw Chemical Site (Figure 1-1) is located at 1000 Harvard Avenue in Cleveland, Ohio, 
approximately 3 miles south of downtown Cleveland.  The site is located within an industrialized area 
adjacent to the Cuyahoga River and Big Creek.  The site consists of several developed and undeveloped land 
parcels located near the intersection of Harvard Avenue and Jennings Road.  Developed site parcels include 
former production areas with remaining facility buildings, former production area foundations and parking 
areas associated with previously demolished buildings, and re-developed privately-owned commercial 
properties. 
 
The Former Harshaw Chemical Site was initially purchased by the Harshaw, Fuller & Goodwin Company in 
1905 and commercially manufactured chemical solvents, metal salts, fluorides, hydrofluoric acids, and other 
chemical products at the Harvard Avenue location.  The Harshaw Chemical Company (HCC) began 
production activities for the Manhattan Engineer District (MED) in late 1942 in support of the United States’ 
early atomic weapons program.  The primary process conducted by the HCC at the Harvard Avenue location 
consisted of the refining of uranium oxide to produce several uranium-bearing materials, including uranium 
hexafluoride (UF6), uranium tetrafluoride (UF4), and uranium tetrachloride (UCl4).  The HCC also conducted 
numerous additional chemical and radiological research and production activities for the MED, and later for 
the Atomic Energy Commission (AEC). 
 
Although operations conducted under government contracts ended in 1959, historical documents suggest the 
HCC continued to use radiological materials for commercial purposes.  Available records indicate the HCC 
held numerous AEC licenses between 1957 and 1968 that authorized the possession and use of radioactive 
materials (including depleted uranium oxides and thorium nitrate).  Several of these licenses specifically 
mention the Harvard Avenue location, although the HCC also conducted operations at other facilities in 
Cleveland and other northern Ohio locations. 
 
1.1   PURPOSE OF THE REMEDIAL INVESTIGATION REPORT 
 
This RI Report (RIR) was developed to present the results of the Former Harshaw Chemical Site RI field 
data collection program conducted on behalf of the United State Army Corps of Engineers (USACE) from 
April 2003 through July 2007.  The RI field data collection program consisted of four primary phases 
comprised of multiple field mobilization periods.  The initial field data collection phases of the RI (Phase I 
and II) were completed by Parsons and Science Applications International Corporation (SAIC), herein 
referred to as the Parsons Team.  The later field data collection phases of the RI (Phase III and IV) were 
completed by SAIC and USACE.  Development of this RIR was completed by SAIC and its subcontractors 
(herein referred to as the SAIC Team), Argonne National Laboratory (ANL), and by the USACE - Buffalo 
District. 
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This RIR provides various stakeholders (public, regulatory agencies, USACE, current property owners and 
tenants) the opportunity to comprehensively review all data collected and recommendations resulting from 
the RI process.  This RIR specifically presents the following: 
 
• Purpose, scope, and rationale of RI field investigation activities; 
• Nature and extent of chemical and radiological constituents; 
• Fate and transport of constituents in the environment;  
• Conceptual site model;  
• Calculation of risk to human health and ecological receptors in a baseline risk assessment (BRA); and 
• Summary and conclusions. 
 
The information and results presented in this RIR will be used to support potential follow-up remedial 
characterization/design/implementation based on eventual site cleanup goals.  This RIR is not intended to 
recommend or endorse any specific potential future remedial activities associated with specific constituents, 
or the site in general. 
 
1.2   REMEDIAL INVESTIGATION OVERVIEW AND SCOPE 
 
The USACE - Buffalo District completed a Preliminary Assessment (PA) for the Former Harshaw Chemical 
Site in April 2001.  The PA concluded that although there was no imminent threat to human health or the 
environment, the site should undergo further investigation. The USACE - Buffalo District contracted with 
the Parsons Team in September 2001 to perform a RI and determine the nature and extent of contamination 
related to MED/AEC activities at the site. 
 
Efforts conducted during the Former Harshaw Chemical Site RI included the following planning, non-
intrusive and intrusive field data collection phases: 
 
• Initial Planning and Records Review; 
• Non-Intrusive Field Work (NIFW) (2002); 
• Intrusive Field Work - Phase I (2003); 
• Intrusive Field Work - Phase II (2004); 
• Thorium Data Gap Field Work - Phase III (2006); and 
• Intrusive Field Work - Phase IV (2007). 
 
The multi-phased approach employed during the RI is the result of an observational field data collection 
program and the identification of additional historical process information during the course of the RI. 
 
1.2.1  Initial Planning and Records Review 
 
The initial planning for the RI at the Former Harshaw Chemical Site began in 2002 and included the 
development of a Project Work Plan (PWP) and Quality Control Plan (QCP) to be utilized throughout the RI.  
The PWP was prepared and the draft was issued in January 2002, while the final was issued in March 2002.  
The QCP was issued in November 2001 and provided the general background and protocols to perform the 
project tasks. 
 
Over 530 documents containing information pertinent to the Former Harshaw Chemical Site were retrieved 
in a historical records search.  The historical information (including relatively extensive environmental 
sampling data) was reviewed and evaluated to determine the suitability for use as definitive data to support 
the RI risk analysis, or as screening level data to provide general information to help focus the proposed RI 
sampling effort. 
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The results of the records review served as the basis for the development of Data Quality Objectives (DQOs) 
which began during the Technical Project Planning (TPP) meeting held in January 2002, and culminated in 
the finalization of the DQOs listed in the Phase I RI Sampling and Analysis Plan (SAP).  Specific technical 
goals for the RI were developed as site-specific DQOs included in the RI SAP (SAIC 2003b). Development 
of the Phase I RI SAP began subsequent to the completion of the TPP.  The Phase I SAP included the Field 
Sampling Plan (FSP), Quality Assurance Project Plan (QAPP), Site Safety & Health Plan (SSHP), the 
Radiation Protection Plan (RPP), and was issued in draft in April 2002 and was finalized and approved by 
USACE in May 2003 prior to the start of intrusive field activities. 
 
1.2.2  Non-Intrusive Field Work 
 
NIFW activities were identified to be performed concurrent with final FSP/QAPP review and approval.  To 
facilitate performance of this non-intrusive work, a NIFW Plan of Action (POA) was prepared, reviewed, 
and approved in September 2002.  Additionally, the SSHP and RPP were reviewed and approved in 
September 2002 to cover the NIFW and remaining RI field work. 
 
The NIFW investigation was conducted in October 2002, and primarily focused on site-wide reconnaissance 
and remote-sensing surveys.  The lateral boundaries of surface soil, radiological contamination, and the 
locations of potential subsurface anomalies were delineated and mapped using gamma walkover survey and 
geophysical survey methods.  The non-intrusive surveys were used to identify areas requiring further 
investigation during the intrusive sampling and characterization phases of the RI.  Site vegetation clearing 
activities and initial reconnaissance of existing pre-RI groundwater monitoring wells also were conducted 
during the initial NIFW phase of the RI.   
 
1.2.3  Intrusive Field Work - Phase I 
 
An intrusive field investigation consisting of multiple mobilizations was conducted from April through 
December 2003 to implement the RI data collection program.  Environmental samples including soil, 
sediment, surface water, and groundwater were collected from on-site and off-site (background) locations.  
Radiological surveys were conducted for applicable on-site buildings and samples of various building 
materials were collected.  Samples collected during Phase I were submitted for analyses for RI constituents 
of interest (COIs) by the on-site Broad-Energy Germanium (BEGe) gamma spectroscopy laboratory and off-
site laboratory.   
 
1.2.4  Intrusive Field Work - Phase II 
 
A follow-up intrusive field investigation consisting of several mobilizations was conducted from May 
through December 2004, and focused primarily on further delineation of the nature and extent of 
contamination based on data gaps identified after the completion of Phase I.  Additional environmental 
media, general site characterization, and building material samples were collected, and limited additional 
building radiation surveys were conducted. 
 
1.2.5  Intrusive Field Work - Phase III 
 
Phase III sampling was carried out to address several data gaps that emerged after a review of the initial RI 
results.  The primary objective was to determine the extent of thorium-230 contamination.  Other objectives 
were to investigate the possible presence of enriched uranium, to investigate the possibility of radium 
contamination as a co-contaminant with thorium, to investigate specific locations and infrastructure, and to 
evaluate the performance of X-ray fluorescence spectrometry (XRF) field instrumentation for possible future 
needs. 
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The objectives of the investigation were addressed with a combination of analysis of archived samples 
collected during Phases I and II, and from the collection of new field samples and measurements.  Samples 
were analyzed from Investigative Areas (IAs) 3-9, which included all IAs at the site except those addressing 
buildings (IA01 and IA02) and groundwater (IA10).  To cover the contaminants of interest, samples were 
analyzed in an off-site laboratory for isotopic uranium, isotopic thorium using alpha spectrometry and for 
radium-226 and radium-228 using gamma spectroscopy.  Sample portions were also set aside for possible 
future analysis of the heavy metal molybdenum.  Field samples were screened for total radioactivity using a 
hand-held Geiger Mueller (G-M) detector, and for uranium content using field XRF. 
 
1.2.6  Intrusive Field Work - Phase IV 
 
Phase IV sampling was carried out to address the potential presence of new radioactive contaminants 
associated with recycled uranium (RU) that were not analyzed in previous investigation phases.  Sample 
locations were selected after a review of process operations at the site, and after referring to results for 
uranium and other contaminants previously analyzed which would be expected to be associated with any new 
contaminants associated with recycled uranium.  An additional objective of the Phase IV investigation was to 
conclusively determine the presence of absence of enriched uranium by determining unequivocal isotope 
ratios using mass spectrometric measurements. 
 
The Phase IV investigation, like the Phase III investigation, relied heavily on the analysis of archived 
samples from Phase I and Phase II investigations.  In some cases, previously archived samples were 
unavailable, and required re-collection during the Phase IV field effort.  New soil borings and groundwater 
samples were also collected. Samples represented IAs 1-10.  IA-10, groundwater, was of particular interest 
because of the tendency of technetium-99 to migrate to groundwater. Because new contaminants were of 
interest, additional background measurements in soil and groundwater were collected to compare to site 
samples.  Samples were analyzed in an off-site laboratory for a number of radioactive contaminants known to 
be present in recycled uranium, including technetium-99, and isotopes of plutonium, neptunium, and 
americium by various analytical methods.  Uranium isotopic ratios in selected samples were analyzed by 
inductively-coupled plasma, mass spectrometry (ICP-MS) to precisely measure uranium enrichment. 
 
1.2.7  Investigative Area Designations 
 
The Former Harshaw Chemical Site was divided into ten IAs during the development of the RI data 
collection program.  Distinct IA designations were established to provide a common terminology during the 
planning and execution of investigative activities throughout the RI.  Each IA is associated with a specific 
environmental medium, and its boundaries are based on geographic and infrastructure features. 
 
The following list summarizes the ten IAs, and provides a brief description of each: 
 

Investigative Area Description 
● IA01: Building G-1 Building structure 
● IA02: Other Existing 

Buildings 
Garage, Foundry, Warehouse, Boiler House, and Scale House structures 

● IA03: Building G-1 Soil Adjacent to and beneath Building G-1 (including north of the railroad) 
● IA04: Northside Complex 

Soil 
North of Harvard Avenue/west of Cuyahoga River (outside IA03) 

● IA05: Southside Complex 
Soil 

South of Harvard Avenue/east of railroad/north of Big Creek/west of 
Cuyahoga River 

● IA06: Eastside Soil East of Cuyahoga River/north of Harvard Avenue 
● IA07: Westside Soil South of Harvard Avenue/east of Jennings Road/north of Bradley Road/west 

of railroad 
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Investigative Area Description 
● IA08: Surface 

Water/Sediment 
Sediment and surface water within the Cuyahoga River and Big Creek 

● IA09: Sewers/Drains Sewers, drains, and outfalls from the Northside and Southside complexes 
● IA10: Groundwater Unconsolidated saturated zone north of Big Creek and west of the Cuyahoga 

River 
 
The location and approximate boundary for each IA are shown on Figure 1-2. 
 
1.2.8  Conceptual Site Model 
 
The Conceptual Site Model (CSM) helps to identify and visually organize potential exposure pathways and 
receptors and to identify those pathways which are complete and could lead to exposures to COIs at the site.  
The following list summarizes the primary elements of the CSM: 
 
• Sources of contamination (historical site operations); 
• Potential release mechanisms; 
• Exposure media (e.g., air, soil, food, surface water, sediment, groundwater, and building surfaces); 
• Exposure routes (e.g., ingestion, inhalation, dermal contact); and 
• Potential receptors. 
 
The CSM for the Former Harshaw Chemical Site RI was originally created during the development of the 
Phase I RI SAP.  The original CSM identified surface soil and building material as the main source media for 
the site.  Surface soil was considered a potential source due to deposition of contamination from Building G-
1 air stacks. Based on the results of Phase I and Phase II field data collection programs and additional 
historical document review, the CSM has been updated to more accurately represent observed site conditions 
and the extent of COI contamination by adding the contamination of deeper soil due to contaminated soil or 
wastes buried or used as fill on-site, and to account for the processing of significant quantities of recycled 
uranium during the latter years of site operation. The updated CSM is discussed in more detail in Section 
3.1.3, in the context of nature and extent of contamination, and in Section 8.2.3.2, in the context of human 
and environmental health risks. 
 
1.3   REMEDIAL INVESTIGATION AUTHORITY 
 
Pursuant to a Memorandum of Understanding between the United States Department of Energy (DOE) and 
USACE signed in April of 1999, the DOE sent a letter to USACE indicating that the Former Harshaw 
Chemical Site was eligible for inclusion into FUSRAP.  Subsequent to that letter, USACE determined that 
contamination was present at the site that needs to be addressed and added the site to the FUSRAP program.   
The selection of project-specific COIs was based on their association with MED/AEC contracts, or their 
identification as facility products, process materials, or wastes.  Historical information collected during the 
records review and initial planning phase of the RI was reviewed to identify the COIs for Phase I of the RI 
field data collection program.   
 
Although mercury and nickel also were originally included as COIs in Phase I of the RI, they were 
subsequently removed as RI COIs.  The rationale for removing these metals as COIs is that there is no 
historical information clearly establishing that the use and/or production of these materials at the site was 
conducted under MED/AEC contract, as detailed in Section 6.1 of the RI Phase II SAP Addendum (SAIC 
2004).  In addition, Phase I sample results did not indicate nickel or mercury contamination co-located with 
the other MED/AEC-related COIs. 
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Thorium-230 was added as a radiological COI at the beginning of Phase II to allow for the evaluation of 
potential detections identified in Phase I gamma spectroscopy soil data.  Additional historical process 
information obtained after the completion of Phase III resulted in the addition of radionuclides associated 
with the potential presence of recycled uranium and cesium-137. 
 
The following list includes all chemical and radiological COIs addressed during the Former Harshaw 
Chemical Site RI (originating RI phase shown in parentheses): 
 

 Metals 
(Phase I) 
(Phase I) 
(Phase I) 
 

 ● Lithium 
● Molybdenum 
● Total Uranium (Chemical) 

 Organics 
(Phase I) 
 

 ● Kerosene (TPH-DRO) 

 Radionuclides  
(Phase I) 
(Phase I) 
(Phase I) 
(Phase I) 
 
(Phase I) 
(Phase I) 
(Phase I) 
(Phase I) 
 
(Phase I) 
(Phase I) 
(Phase I) 
(Phase I) 
(Phase II) 
(Phase II) 

 ● Thorium-232 (and daughters): 
• Thorium-232 
• Radium-228 +D 
• Thorium-228 +D 

 
● Uranium-235 (and daughters): 

• Uranium-235 +D 
• Protactinium-231 
• Actinium-227 +D 

 
● Uranium-238 (and daughters) 

• Uranium-238 +D 
• Uranium-234 
• Thorium-230 
• Radium-226 +D 
• Lead-210 +D     

 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 

 ● Technetium-99 
● Europium-152 
● Europium-154 
● Uranium-233 
● Uranium-236 
● Plutonium-238 
● Plutonium-239 
● Plutonium-240 
● Plutonium-241 (and daughters): 

• Americium-241 
• Neptunium-237 +D 

● Cesium-137 
 
Total uranium is considered both a chemical COI, due to its toxicological properties and as a radiological 
COI, due to carcinogenic properties of the uranium isotopes. For uranium results (excluding chemical 
uranium for water), individual uranium isotopes are not presented; instead, total uranium is presented as 
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calculated from gamma spectroscopy analyses (Section 6.0).  For radionuclides not measured directly a 
surrogate was assigned based on the conservative assumption that applicable radionuclides are present in 
equilibrium with their surrogate (Table 8-1).  COIs represented by surrogates include: lead-210 (all 
matrices), thorium-228 (soil and sediment only), and thorium-232 (soil and sediment only).  Because lead-
210 was not measured directly for any matrix during the RI all discussions of lead-210 soil results are 
presented in conjunction with its surrogate (radium-226).  Thorium-228 and thorium-232 were measured 
directly for some matrices, however, the surrogate radium-228 is used where direct measurements are not 
available (soil and sediment only). 
 
Information regarding the historical presence or utilization of these constituents at the Former Harshaw 
Chemical Site is discussed in more detail in Section 2.2.1 and is summarized in Tables 2-1 through 2-4.   
 
The COIs listed above were previously referred to as Constituents of Potential Concern (COPCs) in the RI 
SAP and Phase II SAP Addendum (SAIC 2003b and 2004).  To prevent confusion with similar terminology 
commonly utilized during the risk assessment process, the following designations are utilized within this RIR 
when referring to chemical and radiological constituents: 
 
• COI – constituent included in the RI data collection program; 
• COPC – constituent evaluated in the RI BRA; and 
• Significant COPC (or preliminary Constituent of Concern [COC]1 in Section 8) – constituent associated 

with unacceptable risk by the RI BRA. 
 
1.4   REMEDIAL INVESTIGATION GOALS AND OBJECTIVES 
 
The RI was conducted primarily to characterize the nature and extent of MED/AEC-related radiological and 
chemical contamination, and to evaluate associated potential risks to human health and the environment at 
the Former Harshaw Chemical Site.  To accomplish these overall goals, general project objectives were 
developed in the Final RI SAP and Phase II SAP Addendum (SAIC 2003b, 2004) to address the following: 

 
• Define the nature and extent of MED/AEC contamination in areas with known releases; 
• Determine if a release of MED/AEC contamination had occurred at levels significant enough to pose 

unacceptable risk in areas without known releases; 
• Determine risk from exposure to MED/AEC contamination; 
• Define potential MED/AEC radiological impacts on applicable existing buildings; 
• Conduct waste disposal characterization for RI waste and building materials; 
• Characterize general site conditions; 
• Conduct on-site BEGe gamma spectroscopy laboratory analyses in support of observational approach; 

and 
• Evaluate field screening and analytical methods for site characterization of radiological constituents. 
 
A total of 11 specific project objectives were defined in the Phase I and Phase RI SAPs to address the general 
project objectives.  Detailed DQOs for the Former Harshaw Chemical Site RI were developed and structured 
according to the USACE Engineering Manual (EM) 200-1-2 Technical Project Planning Process (USACE 
1998b).  The TPP DQO development process incorporates the basic components of the seven-step DQO 
process defined by the Guidance on Systematic Planning Using the Data Quality Objectives Process 
(USEPA 2006a), and allows for comprehensive planning and effective project completion.  More details 

                                                      
1 Significant COPCs are identified in Section 8.2.8 as preliminary COCs.  The final designation of constituent as a 
“COC” is subject to a FS and therefore referred to as a Significant COPC in sections leading up to Section 8 the BRA 
where Significant COPCs are then discussed as “preliminary COCs.” 
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regarding the RI DQOs, including a comparison between planned and actual data collection activities, are 
presented in Appendix 1E. 
 
In the development of the Phase III and Phase IV DQOs and SAPs, a number of additional objectives were 
identified to be addressed by further sampling and analysis. The following general objective of these two 
additional phases was intended to help guide additional sampling efforts and to refine the CSM. 
 
Expand the Process History Review. Perform a thorough review of available historical documents to identify 
the feed materials, processes, equipment, waste streams, release points, and likely contaminants resulting 
from MED/AEC operations at the Former Harshaw Chemical Site.  Re-review documents from the RI 
archive and review additional documents identified or prepared after the July 2006 RIR was issued.  These 
latter documents include an analysis of historical photographs (USACE 2006a), DOE recycled uranium 
reports (DOE 2003a and 2003b), and documents uncovered during a further search of the National Archives 
and DOE’s online Office of Science Technical Information (OSTI) database. 
Eight Phase III sampling objectives were identified as follows: 
 
• Further delineate the extent of thorium-230 contamination.  Refine the extent of thorium-230 

contamination through the analysis of archival samples and through collection of additional samples in 
IA03, IA04, IA05, IA06, IA07, IA08, and IA09. 

• Further delineate the extent of radium-226 contamination. Similarly refine the extent of radium-226 
contamination identified in Phase I and II sampling. 

• Evaluate the presence of enriched uranium.  Further evaluate the presence of enriched uranium through 
the analysis of uranium isotopic ratios using alpha spectroscopy analysis of archived and new samples 
from areas containing known uranium contamination. 

• Further characterize sewers and drains.  Collect additional samples from within and outside of sewer and 
drain lines to reduce uncertainty in the understanding of the extent of such contamination, so that 
essential data is available to perform a feasibility study for site remediation. 

• Characterize other specific infrastructure and site features identified in historical records. Collect 
samples from buried infrastructure in IA3, IA04 and IA05.  Collect samples from a former basin, a 
former pit, and from building slabs and underlying soil. 

• Further characterize river bed sediments. Collect additional river bed samples (IA08) to further confirm 
the absence of significant contamination in the Cuyahoga River and Big Creek adjacent to the site. 

• Characterize IA06 for possible early release of property. Collect soil samples under a sampling design, 
grid sampling, that could allow release of the area under a No-Further-Action Record of Decision 
(ROD). 

• Evaluate the performance of XRF field instrumentation. Compare results of soil samples analyzed for 
uranium and molybdenum by field XRF, and by standard laboratory methods.  

 
Phase IV sampling needs were identified shortly after the field work for Phase III sampling was completed in 
the fall of 2006.  Three objectives were identified for Phase IV sampling: 
 
• Determine if a release of RU-related contamination has occurred at the site.  Collect samples from likely 

release locations in all potentially impacted IAs and analyze for RU-related contaminants.  Collect 
sufficient samples to complete a determination of any need for further data collection for such 
contaminants. 

• Determine if RU contaminants pose an unacceptable health risk. Expand the BRA in the RIR to include 
new COIs related to RU. 

• Definitively evaluate the presence of enriched uranium. Perform analysis of representative uranium 
samples by ICP-MS to firmly establish uranium isotope ratios, and to evaluate the presence of enriched 
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uranium contamination in site media (previous determinations by alpha spectroscopy yield equivocal 
results due to the inability of that method to resolve uranium-235 and uranium-236). 

 
1.5   REMEDIAL INVESTIGATION REPORT ORGANIZATION 
 
This RIR documents the characterization of the Former Harshaw Chemical Site by presenting a general site 
description, summary of RI data collection activities and results, the BRA, and summary and conclusions.  
Where possible, site-specific information from the RI SAP has been updated based on data generated by the 
RI data collection program to present a current summary of site-specific conditions.  Brief descriptions of 
specific RIR sections are provided below. 
 
Section 2 - Site Background:  This section presents a description and history of the Former Harshaw 
Chemical Site, including previous investigations performed at the site.  This section provides a historical 
perspective to be used in evaluating human health and environmental impacts associated with the site.  
Section 2 also describes the physical setting of the Former Harshaw Chemical Site and includes site-specific 
topography, geology, hydrogeology, and surface water information.  Data relevant to the geologic and 
hydrogeologic characteristics of the site are presented from both regional and site-specific perspectives. 
 
Section 3 - RI Data Collection Program:  The RI data collection program is summarized in Section 3.  
Data collection activities conducted during the NIFW and intrusive Phase I and Phase II field mobilizations 
are presented.  This section also presents the specific methodology employed for each data collection and 
analysis activity. 
 
Section 4 - RI Laboratory Analytical Summary:  This section presents the laboratory analytical summary 
for the Former Harshaw Chemical Site RI, and includes a presentation of project-specific data quality 
indicators (DQIs).  Laboratory analytical parameters and associated analytical methods are discussed for both 
the on-site BEGe laboratory and the off-site laboratory.  A discussion of analytical data quality is also 
included with an overview of the data verification/validation process and results. 
 
Section 5 - Site-Specific Screening Levels:  RI screening levels, background values, and preliminary 
remediation goals (PRGs) for applicable media are presented, and form the basis for the definition of 
contamination extent. 
 
Section 6 - RI Results:  This section presents the results of the RI data collection program and describes the 
nature and extent of contamination at the Former Harshaw Chemical Site.  Results for additional data 
evaluations conducted for RI data also are presented.  The nature and extent of MED/AEC-related 
constituents are discussed with respect to each IA. 
 
Section 7 - Numeric Groundwater Flow and Transport Modeling:  This section presents the RI 
groundwater flow and transport model results.  Physical and chemical characteristics impacting contaminant 
fate and transport are described, along with the results of predictive groundwater flow and contaminant 
transport modeling. 
 
Section 8 - BRA:  This section presents the BRA for human health and the Screening Level Ecological Risk 
Assessment (SLERA) for ecological receptors.  A building risk assessment also is presented in this section.  
Data and evaluations supporting the risk assessments and the uncertainties associated with the BRA, SLERA, 
and building risk assessments are presented. 
 
Section 9 - Summary and Conclusions:  This section presents brief summaries of RI data collection 
activities and conclusions associated with the Former Harshaw Chemical Site RI.  Data collection 
completeness, uncertainties, and outstanding data needs are presented. 

Former Harshaw Chemical Site Page 1-9 
Remedial Investigation Report 
Revision 1  
December 2009 



 

Former Harshaw Chemical Site Page 1-10 
Remedial Investigation Report 
Revision 1  
December 2009 

Section 10 - References:  This section lists the applicable references cited in the RIR. 
 
Representative photographs of field data collection activities and notable site features are presented in the 
field photographs section.   
 
The appendices contain data relevant to the RI at the Former Harshaw Chemical Site and are provided to 
support the interpretations made in this RIR.  The following appendices are included: 
 
• Appendix 1 - RI Appendices 

o Appendix 1A - Data Verification and Validation Summary Reports; 
o Appendix 1B - Field Forms; 
o Appendix 1C - Building Survey Data; 
o Appendix 1D - RI Analytical Data;  
o Appendix 1E - DQOs and SAP Deviations; and 
o Appendix 1F - Downhole Gamma Logging Example Plots. 

 
• Appendix 2 - BRA Appendices 

o Appendix 2A - Human health risk assessment (HHRA) Calculations - Chemical; 
o Appendix 2B - HHRA Calculations - Radiological; 
o Appendix 2C - HHRA Calculations - Radiological for Buildings; 
o Appendix 2D - SLERA Calculations; 
o Appendix 2E - Ecological Site Characterization Checklists; and 
o Appendix 2F - Supporting Toxicological Information for FUSRAP COIs.  

 
• Appendix 3 - Groundwater Flow and Transport Appendices 

o Appendix 3A - Hydrologic Evaluation of Landfill Performance (HELP) Model Results; 
o Appendix 3B - SESOIL Model Results; and 
o Appendix 3C - MINTEQ Model Results. 

 
• Appendix 4 - XRF Evaluation 

o Appendix 4 - XRF Evaluation. 
 
 
 



 

2.   SITE BACKGROUND 
 
2.1   SITE LOCATION 
 
The Former Harshaw Chemical Site is located in the central portion of Cuyahoga County approximately 3 
miles south of downtown Cleveland, Ohio.  The site is located adjacent to the Cuyahoga River within an 
industrialized area at 1000 Harvard Avenue (just east of the Harvard Avenue/Jennings Road intersection).  
The general site location is shown on Figure 1-1.  
 
2.2   SITE HISTORY 
 
The following sections summarize the operational and regulatory histories of the Former Harshaw Chemical 
Site.  The summaries are based on available historical documentation collected and reviewed during the RI 
activities, including documents and aerial photographs.  The chemical and radiological compounds identified 
in the MED/AEC history and previous investigations of the Former Harshaw Chemical Site were reviewed to 
identify the RI COIs discussed in Section 1.3.  Historical documents and aerial photographs were also 
reviewed to identify operational activities such as potential disposal locations and the extent of fill material 
along the Cuyahoga River and Big Creek banks. 
 
2.2.1  Operational History 
 
The following sections describe the operational history of the Former Harshaw Chemical Site, and include 
the operation timeline, government contracts, operation description and building removal timeline for the 
site.  
 
2.2.1.1   Operation Timeline 
 
The following paragraphs summarize site operations related to MED/AEC contracts described in historical 
documents.  Information on specific materials used, quantities, disposition, wastes, and emissions from 
operations is presented.  This information is useful for understanding the historical context of site operations, 
including HCC’s role in the program, the sources of feed materials, and the receiving organization of the 
products and wastes generated. 
 
During its operational history, the HCC produced a number of major and minor uranium products under as 
many as 12 MED/AEC contracts using government-owned uranium feed materials and equipment (See 
Section 2.2.1.2).  Five thousand metric tons of uranium (MTU) were processed under AEC/MED contracts 
between 1942 and 1954. Major products included uranium tetrafluoride (UF4, Green Salt), UF6 and uranium 
trioxide (UO3).  
 
Production employed uranium feeds of various forms over the course of the approximately 12 years of 
operation.  Chemical operations were carried out within the Building G-1 complex, also known as Plant C 
(Chevron BGD 1997) or the “Harvard-Denison Plant” (Chemical Waste Management 1992), which was built 
and added to several times over the period 1945-1949. The complex lies within a 1.6-acre fenced area. The 
major processing plants were the Refinery and Brown Oxide Plant, which produced UO3 and uranium 
dioxide (UO2), respectively; the UF4 plant, and the UF6 plant.  The operational timeline of these plants and 
approximate outputs are described in Table 2-1. MED/AEC-related activities were not confined to the 
currently fenced area, but included the use of the former rail yard adjacent to Building G-1, and the former 
foundry, Building F-1. 
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In 1942, under the initial MED/AEC contracts, HCC began producing both UF4 and UCl4 for use at the K-25 
and Y-12 plants in Oak Ridge, Tennessee, respectively. UCl4 was produced from the reaction of carbon 
tetrachloride (CCl4) with UO2 at high temperatures (MED 1942).  Production ended in 1945, after up to 100 
tons of UCl4 were produced. 
 
UF4 production continued until 1949 using UO2 feed provided by Mallinckrodt Chemical Works (MCW) of 
St. Louis, Missouri, and until October 1951 using UO2 produced on-site. UF4 was produced by the reaction 
of UO2 with hydrofluoric acid (HF), which was produced on-site from the reaction of calcium fluoride 
mineral with sulfuric acid. Up to an estimated 5,400 tons of UF4 were produced from 1942 through 1951. 
 
UF6 production also began in 1942 in small quantities, using only a fraction of the UF4 produced on-site.  By 
February 1944 only a total of 4.5 tons had been produced, while UF4 production was running at up to 60 tons 
per month at this time. The recipient of the UF6 produced was the gaseous diffusion plant (GDP) at Oak 
Ridge. 
 
UF6 production rates were ramped up to 3,300 pounds per day (lbs/day) by July of 1944. Similar quantities 
of UF4 being produced suggest that all of the UF4 produced on-site was, at this time, being used for UF6 
production.  UF6 production was increased to 4,500 lbs/day by April 1945, and was running at 4,600 lbs/day 
in 1946 (HCC 1946).  UF6 is assumed to have remained at about this level until production was terminated in 
December 1951.  These production levels suggest that up to 3,300 tons of UF6 would have been produced in 
all. 
 
By February 1949, HCC had opened its own brown oxide plant, which converted uranium oxide (U3O8) 
feeds, namely black oxide and yellowcake, as well as uranium “soda salt” (Na2U2O7-6H2O) to UO2 in 
batches.  Feeds were first converted to UO3, orange oxide, in the refinery, or “wet” portion of the brown 
plant, and then reduced with hydrogen gas to UO2 in “Rockwell” furnaces. 
 
The brown plant, which had a design capacity of 54 tons UO2 per month, was located in a three-story 
addition on the eastern end of Building G-1 built at this time.  Building drains, which serviced the brown 
plant, exited this part of Building G-1 and ran a short distance south to a sewer main, which emptied into the 
Cuyahoga River from Outfall 007 (Dames&Moore 1987). In April 1952, the repair and replacement of the 
drain line underneath the three-story refinery building (part of Building G-1) was authorized (AEC 1952a).  
Up to a total of 2,400 tons of UO2 are estimated to have been produced by the brown plant by the time 
production ceased by October 1952. 
 
The refinery, or wet, portion of the brown plant was converted from using ether to extract uranium to a 
tributyl phosphate in kerosene solvent (TBP-kerosene) in September 1951.  At the request of the AEC, the 
capacity of the refinery was increase 4-5 fold to 100 tons per month of UO3 by September 1952.  By August 
of 1953, the refinery had ceased production of UO3 from it usual feeds of black oxide, yellowcake, and soda 
salt. 
 
The TBP-kerosene technology developed at HCC was similar to that being developed at Hanford at this time 
to recover uranium from stored waste there.  Initial batches of UO3 produced at Hanford were of unsuitable 
quality for direct use at Oak Ridge and were sent for purification in the refinery at HCC. Records indicate 
that HCC processed 1,675 MTU of recycled UO3 from Hanford in 1953 and 239 MTU in 1954, for a total of 
1,914 MTU (2,105 tons) (DOE 2003a,b). Records from both Hanford and Oak Ridge indicate that the 
recycled uranium from Hanford processed at HCC was slightly depleted, containing U-235 at a level of about 
0.067% compared to 0.072% by weight in natural uranium (Bechtel-Jacobs 2000, DOE/RL 2000). 
 
The HCC ended production operations for UF4 in September 1951, with dismantlement of the UF4 plant 
completed by May 1953.  The UF6 production plant was placed in stand-by status as of May 1953.  One 
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historical document (a monthly inventory report from December 1951) identified a HCC warehouse located 
on Laisy Avenue in Cleveland (approximately 3 miles northeast of the site) where approximately 205 tons of 
U3O8 feed material were stored.  The DOE's determination of eligibility did not include the Laisy Avenue 
warehouse property as part of the Harshaw Site.  Therefore, it is not addressed in this investigation.   
 
Several radiation surveys were conducted by AEC personnel between 1953 and 1957.  These surveys 
provided information regarding radiological conditions associated with Building G-1 and the remainder of 
the facility and allowed for the scoping of final decontamination activities that would be required prior to the 
final release and assignment of the primary uranium compound production contract (W-7405-ENG-276) on 
December 23, 1959.  The full scope of the final release activities is not known. 
 
Although operations conducted under the previously mentioned government contracts ended prior to 1959, 
available documents suggest the HCC continued to use radiological materials for commercial purposes.  
Available documents also indicate the HCC held numerous AEC licenses between 1957 and 1968 that 
authorized the possession and use of radioactive materials, including depleted uranium oxides and thorium 
nitrate.  Several of these licenses specifically mention the Harvard Avenue location, although the HCC also 
conducted operations at other facilities in Cleveland. 
 
2.2.1.2   Government Contracts 
 
The earliest reference to government-related activities at the HCC is associated with the research and 
production of experimental quantities of UF6 under a National Bureau of Standards (NBS) Education Order 
dated December 5, 1941.  This research work was conducted in conjunction with representatives from 
Columbia University, who first contacted the HCC about possible interest in UF6 research work in October 
1941.  The HCC also conducted experimental production of UCl4 and UF4 in 1942 with the involvement of 
the Standard Oil Development Company, Westinghouse Electric and Manufacturing Company, Princeton 
University, and the University of California.  A historical document indicates that the HCC received a UF4 
production contract from the Office of Scientific Research and Development (OSRD) on July 1, 1942. 
 
The first available historical reference to an actual MED contract is associated with UF4 production in 
September 1942.  The reference indicates this contract was a continuation of the previous OSRD contract, 
although a specific contract number is not given.  Later references indicate this contract may have been 
identified as MED Contract W-7405-ENG-23.  Another reference indicates that the UF6 production process 
was developed under MED Contract W-7405-ENG-43 in 1943.  Generally, both contracts (W-7405-ENG-23 
and W-7405-ENG-43) served as vehicles for early uranium and chemical compound research and production 
activities conducted by the HCC.   
 
The primary uranium compound production contract was received by the HCC as Letter Contract W-7405-
ENG-276 dated January 5, 1944.  This contract authorized the construction and operation of a UF6 
production facility (later known as Plant C or Building G-1).  MED Contract W-7405-ENG-276 was 
finalized and signed on May 27, 1944.  This contract served as the primary vehicle for the production of UF4, 
UF6, and UO2 by the HCC until production ceased in the early 1950s.  The HCC received the final release 
and assignment of MED Contract W-7405-ENG-276 on December 23, 1959. 
 
Historical references to additional government contracts for chemical and radiological compound research 
and/or production activities include numerous unidentified government contracts held by the HCC between 
1942 and 1945. 
 
Nearly all the known MED contracts mentioned previously may have been modified or supplemented over 
the course of the contract.  Numerous references to Supplemental Agreements and Modifications are found 
in the historical documents, although too few specific details are included to allow for a complete contract 
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inventory to be produced.  For example, references indicate the MED issued a total of 85 Modifications to 
Contract W-7405-ENG-276 between 1944 and 1959. 
 
Many of the non-contract-specific research and production activities conducted by the HCC may have been 
completed under one or more of the previously mentioned MED contracts.  It is also possible the HCC 
conducted work under subcontract to one or more Manhattan Project contractors.  Several references to work 
performed under contract to the Kellex Corporation were found, and one of these also referenced MED 
Contract W-7405-ENG-23 (although it is not clear if this contract was owned by the Kellex Corporation or 
the HCC).  The Kellex Corporation designed the K-25 Thermal Diffusion Plant in Oak Ridge, Tennessee.  In 
addition, one document produced as part of a DOE archive search indicates file copies of several MED 
contract documents associated with the HCC were destroyed. 
 
The AEC was created to oversee the nation's nuclear weapons program under the Atomic Energy Act of 
1946.  The AEC effectively assumed control of all MED operations on January 1, 1947.  As a result, all 
existing MED contracts were continued under the administration of the AEC after this date.  One historical 
reference indicates that the AEC issued General Work Order #51 to the HCC for the construction and 
operation of a UO3 pilot plant from 1951 to 1952. 
 
Table 2-2 provides a complete summary of the known government contracts associated with operations 
conducted by the HCC at the Former Harshaw Chemical Site.  A summary of the historical use of the RI 
COIs is presented in Table 2-3.  Commercial chemical production operations were being conducted by the 
HCC concurrent with government-contracted activities.  Several historical references indicate that it was not 
uncommon for compounds produced by the commercial portion of the HCC (also known as the Harvard-
Denison Plant) to be transferred to government-contracted operations conducted in Plant C (Building G-1). 
 
2.2.1.3   Operation Description 
 
The primary production process associated with Former Harshaw Chemical Site government-contracted 
activities involved the refining of uranium compounds.  Generally, two types of uranium refining processes 
were employed during the 1940s and 1950s: the "dry" process and the "wet" process.  The dry process 
included the conversion of U3O8 feed material to UF6.  The product, UF6, was then further purified using 
fractional distillation. 
 
The wet process included the use of chemical solvent extraction to produce purified uranium compounds 
earlier in overall production when compared to the dry process.  Kerosene was identified as the primary 
solvent used in the wet process at the Former Harshaw Chemical Site.  Historical documents indicate that 
both the dry and wet processes were used by the HCC at the Harvard Avenue location. However, the use of 
the wet process became the preferred method of uranium refining.   
 
The wet uranium refining process utilized by the HCC included the following principle steps: 
 
1. Purification and denitration of U3O8 feed material to produce UO3; 
2. Reduction of UO3 to produce UO2; 
3. Hydrofluorination of UO2 to produce UF4 (or chlorination of UO2 to produce UCl4); and 
4. Fluorination of UF4 to produce UF6. 
 
Not all uranium refining operations were conducted to produce UF6.  Historical documents indicate the HCC 
also produced each of the above uranium compounds (except U3O8) as final products at various times 
throughout the period of government operations.   
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Table 2-4 provides a summary of the major feeds, products, wastes, and process chemicals used at HCC over 
its AEC/MED operational history. Table 2-4 is organized according to the major feeds that were shipped to 
the site – brown oxide, black oxide/yellow cake, and recycled uranium (orange oxide). Fluorspar, calcium 
fluorite, is also included in Table 2-4, as it was used to make HF and fluorine gas (F2), two major process 
chemicals used in the conversion of uranium feeds to fluorinated products.  This material was used at HCC 
both before and after the period of the ACE/MED contracts, and, unlike the other feeds discussed, was not 
provided by the government.  Therefore, fluorination-related byproducts are not addressed at the site under 
FUSRAP. 
 
Brown oxide (UO2) feed supplied by MCW in St. Louis was first received at HCC under its first MED 
contract in 1942 to produce UF4.  High-purity UO2 was shipped from MCW by truck to HCC, where the 
brown oxide, a solid powder, was converted first to UF4 and then to UF6 in separate operations. 
 
Green Salt (UF4) Plant 
 
In the UF4 process, UO2 was loaded on to nickel trays inside a steel tube oven in the hydro-fluorination unit, 
first housed in the Foundry building then moved to G-1 in 1944. UF4 production started with high purity UO2 
powder loaded on nickel trays and using a simple one-step conversion to UF4 by reaction with excess HF 
vapor in a tube furnace heated to 650oC. Spent HF was scrubbed with water in a recovery tower and 
collected in a lead tank outside the reaction facility for recycling at the plant (HCC 1946). With 37 reactors 
operating on 14-hour cycles converting 44 pounds of UO2 to UF4, the plant had a theoretical capacity of 
3,235 lbs/day. Wastes from the UF4 process were few. However, spills of green salt are noted in reports 
(AEC 1958, MED 1945).  In the early years, at least, spilled green salt went either into a sump trough, where 
it could be recovered, or into floor drains, which emptied into the sewer system (MED 1945). Bad batches of 
green salt were generally reprocessed, reducing the average plant capacity to 3,000 lbs/day. The HF storage 
tank was periodically washed, leaving HF impurities in the wash water (HCC 1946).  
 
Uranium Hexafluoride (UF6) Plant 
 
Fluorine gas needed for the production of UF6 was prepared by electrolytic decomposition of anhydrous HF.  
Hydrogen gas was a byproduct of this process. Two water-jacketed cells were operated in parallel as a unit at 
95oC.  A total of 14 units were operated continuously, each producing up to 51 lbs of fluorine per day, for a 
total of 640 lbs/day. Each unit drew 1,500 amperes of current, for a total of 21,000 amperes for the 14 units. 
The HF consumed in the process was produced in a separate part of the plant. Lithium fluoride and 
potassium bifluoride were also used, but not consumed, in the electrolytic cells.  No significant waste streams 
have been identified from this process.  However, as shown in Table 2-4, substantial quantities of calcium 
sulfate slag are produced at the HF plant.  This material, essentially inert and non-toxic, was routinely placed 
along the bank and within the stream of the Cuyahoga River, where it was allowed to dissolve in the river 
water (Unknown author 1972, Unknown author 1984). 
 
To produce UF6, UF4 was charged into nickel trays and placed inside of each of three reactor furnaces 
connected in a series and heated to 375oC. Fluorine gas was piped into the first reactor where it passed over 
the UF4 charge, reacting, and converting it to UF6.  At the furnace temperature, UF6 as a gas passed out of the 
furnace through a tube, along with unreacted fluorine gas to a water-cooled receiver. UF6 separated out as a 
white solid in the receiver, while excess fluorine gas and traces of UF6 passed on to the second and third 
reactor, each with its own UF6 receiver.  The tail gas from the third reactor was passed through a condenser 
cooled with acetone/dry ice to remove residual UF6 and then vented to the atmosphere through stacks. 
 
Each UF4 charge was reacted with fluorine gas for 24 hours, removing most of the UF4 from the reactors and 
filling their respective receivers with crude UF6.  The filled receivers were sent to the distillation area and 
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replaced with empty ones, while unreacted and radioactive residual ash in the reactors was removed and 
stored in lead-lined vessels. 
 
Each set of reactors was paired with one of the 14 fluorine units and produced about 340 lbs of UF6 per day, 
or up to 4,760 lbs/day in all.  The entire process was operated under large hoods to collect fugitive fluorine 
and UF6 vapors and vent them to the atmosphere (HCC 1946). The main wastes produced were reactor ash 
and tail gas.  In 1948, an estimated 5 lbs per hour of UF6 was vented into the atmosphere along with the 
fluorine tail gas (AEC 1949a). A second stack study reported in 1949 found UF6 emissions much lower, at 
about 1 lb per hour (Harshaw 1949b). Air sampling conducted in 1948 from 100-10,000 feet (ft) from 
Building G-1 found four of 13 samples below detection, no sample above 10 µg/m3, an average 
concentration of 3 µg/m3, and an apparent maximum at 0.3 miles (AEC 1949a). This suggests that the 
emitted UF6 was dispersed over a large area and would not have contributed significantly to localized 
contamination on-site. 
 
Reactor ash was removed using a vacuum system running to individual hoods and collected in a cyclone 
collector located in the collector room on the roof of Building G-1, which emptied into 15-gallon (gal), lead-
lined (1/16-3/32 inch), drums (AEC 1949d).  The collector was dumped into a drum once each shift, filling a 
drum in about one and one half weeks.  Full drums with covers installed were transported to the first floor 
where they were stored temporarily with miscellaneous empty drums (AEC 1949f) for later disposal off-site 
(AEC 1949h, 1949c).  Ash from the UF6 reactors ash was noted to have high radioactivity.  August and 
November 1949 health and safety memos (AEC 1949e, AEC 1949b) recommended that drums be painted 
canary yellow, be sealed and labeled, and not be touched but handled using a (hand) truck.  The August 
memo further recommended that the thin lead sheet shielding be upgraded, and that a storage rotation system 
be used that ensured that no drums were transported (off-site) by truck or rail until they were at least six 
months old to allow radiation to decay to safe handling levels. 
 
The crude UF6 in the receivers was contaminated with trace amounts of HF and other non-condensable gases. 
These impurities were removed first by heating the receivers and venting the non-condensable gases to “floor 
bleeders,” and then distilling off the first 5% of the crude material into a “scale bleeder,” rendering the 
remaining 95% pure enough to be distilled directly into shipping containers.  UF6 was recovered from the 
various bleeders as much as possible for recycling through the process.  No major waste streams were 
produced in the distillation process. 
 
According to the Operating Manual (HCC 1946), in 1946 the plant produced 3000 lbs/day of UF4 and 4,600 
lbs/day of UF6, with the unmet supply of UF4 needed to meet the UF6 capacity obtained from “outside 
sources.” Thus, at this time, UF4 was being delivered to the plant from an outside source along with brown 
oxide from MCW, the other main feed used at this time. 
 
The brown oxide plant opened in early 1949 in the three-story section of Building G-1 converted high-grade 
ore concentrates, black oxide and yellowcake, as well as uranium soda salt, into high purity Orange Oxide 
(UO3), which was then reduced with hydrogen gas to UO2 (brown oxide). 
 
Brown Oxide Plant 
 
The brown oxide plant was housed in Plant C (Building G-1) and included a refinery, which converted high-
grade uranium concentrates (AEC 1956; AEC 1949b,e,f; AEC 1950; AEC 1948) to orange oxide (UO3), and 
Rockwell furnaces, which converted UO3 to brown oxide (UO2) under a steam of hydrogen gas.  The 
refinery, when first installed, used ether as a solvent to extract uranium and operated as a batch process (AEC 
1949j).  The process was revised in late 1951 to replace ether with TBP--kerosene and to operate as a 
continuous process in the extraction and recovery stages (NYO-1467 [1952], NYO-1468 [1954]). The 
modified refinery and conversion plant employed the following stages (NYO-1468, 1954): 
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• Digestion: U3O8 was digested with nitric acid at a level of 300-400 g uranium/L nitric acid to form 
uranyl nitrate [UO2(NO3)2]. 

 
• Extraction: Unfiltered digestate was extracted with TBP-kerosene. 

o Raffinate, the residual nitric acid solution, was run to the sewer. 
o Raffinate contained <10 milligrams per liter (mg/L) uranium and most of the feed matter not 

soluble in nitric acid. 
 
• Scrubbing: Solvent saturated with uranyl nitrate was washed with municipal water (15:1, solvent to scrub 

water). 
o Removed almost all solids, residual acid, and rare earth metals (lanthanide and actinide series), 

except uranium, which was complexed with TBP. 
o Scrub water, called N.G. liquor, was returned to the digestor. 

 
• Stripping: Scrubbed solvent was stripped with water (2:1 solvent to slightly acidic strip water) at 50-

55oC. 
o Strip water, called O.K. liquor, with about 8% uranium by weight, was sent to boil down tank. 
o Stripped solvent was washed with a potential of hydrogen (pH) ≥ 7 water and reused. 
o Solvent wash water was filtered to recover precipitated diuranate, which represented about 

0.26% of uranium throughout. 
 
• Orange Oxide Recovery:  

o Aqueous O.K. liquor was boiled down in tanks to remove water. 
o Uranyl nitrate was converted in UO3 by calcining in denitration pots. 
o Boil-down water, slightly acidic, was recycled as stripping water. 

 
• Conversion to brown oxide: 

o UO3 was transferred pneumatically to Rockwell furnaces. 
o UO3 was converted to UO2 under hydrogen gas. 

 
The original brown oxide plant completed in early 1949 employed ether as an extractant (AEC 1949d).  
High-grade U3O8 concentrate was first digested with nitric acid in a digest tank.  The digestate was then sent 
through successive chemical treatment steps with Niagara filter clarification, with final scrubbing in plate 
and frame filter press.  The clarified aqueous solution was boiled down to reduce volume in boil-down tanks 
4a, 4b, and 5. Uranium, in the form of uranyl nitrate, was extracted with diethyl ether, while the rejected 
aqueous phase (raffinate) was sent to lag storage tanks NG-1 and NG-2.  The ether solution was scrubbed 
and then stripped with water to recover a purified uranyl nitrate solution, which was boiled down to produce 
uranyl nitrate hexahydrate, which was, in turn, pumped into denitration pots for conversion into UO3.  A 
pneumatic line transported UO3 into Rockwell furnaces where UO3 was reduced to UO2 under a stream of 
hydrogen. 
 
Press cake from the filtering operation was re-dissolved in nitric acid, filtered and extracted one or more 
times with ether.  The final press cake, which still contained recoverable uranium, was shipped off-site, 
possibly to Vitro, for further reworking (NYO-1467) or to the Lake Ontario Ordnance Works (LOOW) 
(Harshaw 1949a). Raffinate in the lag storage tanks was tested for residual uranium. Once cleared, raffinate 
may have been disposed via the sewer (NYO-1468, Harshaw 1952a). 
 
The extraction, scrubbing, and stripping stages involving ether were done in batches in a single unit and 
separations were often difficult and plagued by the formation of emulsions. The development of a continuous 
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process, which would eliminate filtration and batch phase separations (reworking of slurries), and which 
would replace ether with a less hazardous solvent was sought early on (NYO-1467). 
 
The process was converted to tributyl-phosphate solvent in late 1951. The system installed was a mixer-
settler countercurrent extractor with 15 units (tanks), six extraction stages, three scrubbing stages, five 
stripping stages, and one solvent washing stage (NYO-1468).  A full-scale plant, to serve as its own pilot 
plant, was installed and put into operation immediately after stopping the ether process (NYO-1467, NYO-
1468). The revised plant operated successfully from the start, producing high quality product at near design 
capacity after two months. Spent raffinate consistently contained no more than 0.01 g/L of uranium. A 
continuous denitration process using a “flaker unit” was also tested successfully at this time.  However, this 
process did not replace the batch process using denitration pots to a significant degree. After successful 
testing, the pilot plant became the actual final refinery (Harshaw 1952a). 
 
In the continuous TBP-kerosene process installed in September 1951, uranium concentrate feed material was 
dissolved at a level of 300 g/L in 1 molar (M) nitric acid. This slurry was run into the extraction stage 
unfiltered, eliminating most of the filtering handling and reworking of filter solids of the older ether process.  
Instead, most of the nitric acid insoluble matter was carried out with the raffinate in the sewer system (NYO-
1468). A continuous process meant that, as opposed to processing material in batches, materials flowed 
continuously from tank-to-tank, with the purified product emerging at the end of the line. 
 
In September, 1952, the AEC asked HCC to expand the capacity of the refinery by four-to-five fold. Pilot 
plant investigations were conduced which resulted in successful expansion of the plant as reported in 
“Technical Report on the Expanded Harshaw TBP Extraction Process,” May 1954 (NYO-1468). The process 
ultimately developed involved 20 stages, including six extraction, three scrubbing, and nine stripping stages.  
 
Records indicate that the TBP process was expanded from its original design capacity of around 200,000 lbs 
uranium/month to 800,000 lbs uranium/month to coincide with a changeover in feeds from virgin uranium 
concentrates to “depleted material from Hanford” (AEC 1956).  Concentrates were identified as Vitro scrap 
recovery (10-20%, >98% U3O8), Eldorado U3O8 (30-50%, >93% U3O8), and Colorado Black Oxide (40-60%, 
>75% U3O8). Feed from Hanford was Recycled Uranium (RU) from MED/AEC programs that was slightly 
depleted of uranium-235 and was sent to HCC to be purified for further use at Oak Ridge. The processing of 
RU from Hanford is discussed further, below. 
 
The refinery portion of the brown oxide plant included a number of operations that produced waste streams 
and emissions during operations, some of which are noted above.  Waste streams would have included spent 
nitric acid raffinate used to dissolve feed materials, contaminated solvents used to extract uranium, and 
Niagara filters used to recover undissolved solids. Some filtered or centrifuged solids, collectively called 
“scrap,” and containing uranium in significant quantities, were sent to other facilities, including Vitro 
Manufacturing Company in Pittsburgh for uranium recovery.  Such materials included “press cake” 
(potassium urinate) and “bird residue” (sodium uranate and filter cell) (AEC 1949g). 
 
A waste stream of particular interest is the liquid known as “raffinate” which would have contained the bulk 
of impurities removed from the feed materials.  Impurities would have included thorium-230 in uranium 
concentrate feeds, and radiological contaminants in recycled orange oxide from Hanford. 
 
The 1954 technical report describing the results of pilot plant studies on the expanded TBP extraction 
process (NYO-1468, 1954) indicates that raffinate in pilot studies was “run to the sewer.” This report and 
other records (NYO-1467 [1952], AEC 1953a, Harshaw 1952a) indicate that the pilot plant was converted 
into the production plant with some minor modifications, suggesting that the practice of discharging raffinate 
to drains would have continued during production.  The reported replacement of the portion of the sewer line 
beneath the refinery portion of Building G-1 suggests that corrosive materials, such as acidic raffinate, were 
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discharged through this line (AEC 1952a). The drain line from Building G-1 fed into a storm sewer main 
which discharged into the Cuyahoga River at near the north end of the Warehouse (Figure 3-20). 
 
The volume of nitric acid consumed in operating the refinery, and ultimately discharged to the sewer, can be 
estimated from the quantity of uranium feeds processed (Harshaw 1952a).  Ore concentrate feeds, black 
oxide, yellow cake or soda salt, were typically dissolved in 1-M nitric acid at 400 g UO3/L nitric acid for 
high purity feeds and 300 g UO3/L for lower purity feeds, and processing 3,660 lbs and 2,440 lbs equivalent 
UO3 per digester charge, respectively. A process time of 6.5 hour per charge and 110 charges per month 
gives a monthly digestion capacity of 405,000 lbs UO3 and 270,000 lbs UO3, respectively. Other process 
steps limited the plant throughout to 195,000 lbs UO3 per month, equivalent to around 64 digester charges 
per month for an average feed (Harshaw 1952a). 
 
A single 3,660 lb charge of U3O8 feed at 400 g (0.881 lbs) UO3/L nitric acid would have been dissolved in a 
total of 4,150 L nitric acid.  For 64 charges per month, this comes to an estimated 265,600 L/month (70,200 
gal/month) of raffinate produced during the processing of ore concentrates. 
 
A simple calculation shows that the quantity of dissolved and undissolved solids contained in raffinate would 
have ranged from 13,650 – 48,750 lbs per month running on high purity (93% U3O8) and lower purity (75% 
U3O8) feeds (7% and 25%, respectively, of approximately 195,000 lbs/month of high- and low-purity feeds). 
Under the original design of the refinery, these solids would have been apportioned between the raffinate, 
and filter solids, which were reworked, and ultimately disposed off-site, including at Vitro. 
 
Filter solids produced under the original design might have been a significant source of residual radiological 
contamination present on-site due the large quantities produced, the multiple handling steps incurred, and 
contaminated filters and other waste materials that would have been produced during operation. This 
potential source of contamination to the immediate site would have been greatly reduced under the 
redesigned, continuous operation refinery opened in September 1951. In the reconfigured refinery, both 
dissolved and undissolved solids went to the raffinate stream, which was not filtered prior to disposal.  At the 
time, industry standard was to discharge the raffinate stream to a sewer system. 
 
The production of contaminated solvents was another waste stream that was affected by the redesign.  Under 
the original design, contaminated ether was periodically disposed and replaced with fresh ether solvent.  A 
solvent washing system was added to the redesigned refinery when it was expanded in 1952 (NYO-1468 
1954) to allow the TBP-kerosene solvent to be recycled, reducing waste solvent.  The solvent washing 
process, however, produced a new waste stream of precipitated filter solids, which contained residual 
uranium. At least a portion of this material was recycled through the refinery after blending with additional 
RU feed from Hanford (Harshaw 1953b, AEC 1953b). 
 
Emissions from the brown plant would have included the mentioned raffinate wastes, nitrogen oxide gases 
from the denitration pots, and vapor emissions from boil-down of the recovered uranium solution (O.K. 
liquor).  Within the plant, spills of feed materials, recovered solids, and dusts from handling the orange oxide 
product were reported, as were spills of orange oxide solids and filter solids (AEC 1949b,c). 
 
Reports indicate that dust emissions from the orange oxide denitration pots were a serious concern and 
prompted the installation of vacuum system to transfer orange oxide to the Rockwell furnaces (AEC 1949c, 
AEC 1949d, AEC 1949i).  This system employed a dust management system that used hoods, cyclones, and 
cloth filters to control dusts (AEC 1949c, AEC 1949d). Dusts were similarly a problem in the hydrogen 
discharge stream from the Rockwell furnaces.  These lines were fitted with cyclones and a scrubber to 
remove dusts (AEC 1949d). 
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Recycled Uranium Processing 
 
In October 1952, HCC began to refine orange oxide produced by the General Electric Company of Richland 
Washington at Hanford (AEC 1953b). Recycled uranium from Hanford, as orange oxide, was purified in the 
HCC refinery mainly in 1953-1954 to remove chemical contamination..  At least 15 rail shipments of UO3 
that was off Hanford’s specifications were sent from Hanford to HCC in July-September 1953 (DOE/RL 
2000). Reportedly, an earlier 1952 shipment (Carload #8) containing 30 ppb plutonium was also shipped 
(DOE/RL 2000, Chapter 4).  Purified UO3 was shipped from HCC to K-25.  This material had a U-235 assay 
of 0.67% (Bechtel-Jacobs 2000), making it slightly depleted relative to natural uranium (0.711% U-235). 
 
Reports indicate that the recycled materials were purified by running them through the brown plant refinery 
in a manner similar to the usual feeds.  The material from Hanford was reported to contain unacceptable 
levels of nitric acid, metallic impurities, TBP, and TBP breakdown products (Gerber 1993). Iron from 
corrosion was a recurring problem in Hanford RU (DOE/RL 2000). Contaminants in the recycled feed would 
have been removed in the various waste streams produced in the refinery, including the raffinate, spent 
solvent, and solvent-wash filter cake wastes. Soluble and insoluble impurities, including the radiological 
constituents and heavy metals, would have been removed with the raffinate. 
 
Radiological COIs in recycled uranium include plutonium isotopes, neptunium-237, and technetium-99.  The 
fission products cesium-137 and strontium-90 are not generally associated with recycled uranium materials 
(DOE/RL 2000). These materials may have been effectively removed in processing at Hanford.  However, 
owing to detection of Cs-137 in the Former Harshaw Chemical Site soils, it was included as a COI during the 
development of the BRA. 
 
In 1953, near the end of operations of the refinery, the disposition of accumulated process solids, mainly 
press cake containing depleted uranium from solvent wash and sump materials, became a problem (AEC 
1953b, Oak Ridge Operation 1953, and Harshaw 1953a).  Recycling of the material through the refinery 
produced emulsion problems attributed to the presence of nitrated kerosene products. A 1953 report (AEC 
1953b) indicates that problem was ultimately solved by blending the filter cake with good Hanford feed and 
running through the refinery.  This left mainly contaminated solvent, which was dispositioned when the 
refinery shut down (AEC 1953b). 
 
Reports also indicate the production of lithium fluoride at Plant C (Building G-1).  Chemical and uranium 
compound products produced by the HCC were used throughout the United States nuclear weapons complex 
during the period of government-contracted operations.  Known end-use locations for HCC-produced 
uranium compounds include: 
 
• Production reactor fuel and target fabrication facilities (locations unspecified) – UO2, UF4; 
• S-50 Thermal Diffusion Plant and K-25 Gaseous Diffusion Plant (Oak Ridge, Tennessee) – UF6; and 
• Y-12 Calutron Alpha Electromagnetic Spectrograph Plant (Oak Ridge, Tennessee) – UCl4. 
 
Chemical and radiological COIs identified for the Former Harshaw Chemical Site based on the processes 
described above are summarized in Table 2-3. 
 
2.2.1.4    Building Remediation and Removal Timeline 
 
A number of the buildings and other structures that were present during MED/AEC operations at the Former 
Harshaw Chemical Site have since been removed. Many of the pads and below-ground structures associated 
with the removed buildings still remain, cover major portions of the site (Figure 2-1), and leave little open 
ground. Building G-1, where MED/AEC work was done, remains, but is in poor condition. The large foundry 
and warehouse buildings also remain, but few other structures do. 
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Figure 2-2 compares aerial photographs of the site in 1948 and in 2002. Existing and razed building 
footprints are shown in Figure 2-3 (B.Koh & Associates 1997). The following is a timeline for the removal 
of some of the major site buildings up to July 1997 (B.Koh & Associates 1997): 
 
• Building G-1 Complex, Plant C, was decontaminated by HCC and released from AEC control in 1960 

(Chemical Waste Management 1992), Building G-1 remains standing but still contaminated;  
• G-2, former indoor fluorspar storage, no contamination detected, razed by June 1992; 
• N-1, N-2, N-3, Nickel Chloride Complex, isolated contaminated items removed, razed December 1990; 
• H-1, Inorganic Fluorides, no contamination detected, razed November 1990; 
• Hydrofluoric Acid Plant, radiation release survey performed, razed June 1992; 
• C-1, C-2, Catalyst Nitrates and Acetates Complex, isolated floor contamination and loose roof 

contamination removed, razed December 1993; 
• M-1, Nickel Sulfate, razed May 1993; 
• P-1, Nickel/Cobalt Carbonates, extensive contamination removed, release survey conducted by Ohio 

Department of Health, razed September 1991; 
• K-3, Catalyst Reaction, isolated contamination removed, razed May 1994; 
• Plant Guardhouse, no contamination detected razed April 1993; 
• Government Building Guardhouse, no contamination detected, razed December 1993; 
• Reduction Towers, radiation release survey performed, razed June 1992. 
 
Other buildings for which radiological remediation was completed, or was scheduled for completion by July 
1997 by then-owner Engelhard included (B.Koh & Associates 1997): 
  
• H-2, H-5, H-10, H-11;  
• K-1; 
• L-1, L-5 (Raw Shed); 
• F-1 (Foundry);  
• W-1 (Warehouse);  
• Boiler House; and  
• Garage. 
 
To close out the area associated with building K-1 approximately 120 m2 of soil was excavated beneath K-1 
in response to radionuclide contamination encountered by B. Koh & Associates, Inc.  Evidence of the 
removal can be seen in Figure 2B of the Final Radiological Survey for the K-1 Building Interior and Exterior 
(B.Koh & Associates 1998a). 
 
2.2.2  Regulatory History 
 
During the period of government-contracted operations at the Former Harshaw Chemical Site, the facility 
was not subject to specific regulatory requirements other than those required by specific contracts or security 
procedures (as with other industrial or government-contracted facilities of the period).  The HCC was not 
subject to government-mandated general environmental, radiological, or hazardous waste requirements 
although operation-specific material, equipment, radiological, and health and safety requirements were 
administered by the MED and AEC. 
 
The HCC was regulated by the AEC as part of apparent commercial operations involving the use of 
radioactive materials.  Historical documents indicate that the HCC held numerous AEC licenses authorizing 
the use and possession of specific radioactive materials between 1957 and 1973.  As part of the AEC 
licensing program, the HCC was required to maintain radioactive material control and management 
procedures.  The HCC also was inspected by AEC personnel intermittently to ensure compliance. 
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Records acquired from Ohio Environmental Protection Agency (Ohio EPA) indicate that one or more 
National Pollutant Discharge Elimination System (NPDES) permits or City of Cleveland permits may have 
been held by the HCC.  These permits have been related to process-related waste discharges associated with 
production activities conducted after 1960 when it was released from MED/AEC control. 
 
Written communication with an Engelhard representative indicates the site had interim status as a Resource 
Conservation and Recovery Act (RCRA) Treatment, Storage, and Disposal Facility (TSDF) (for storage of 
hazardous waste only) when Engelhard acquired the business in May 1988.  A RCRA Part B Permit 
Application was filed when due in November 1988 and was later closed prior to actual permit issuance.  
Several historical documents regarding possible solid or hazardous waste landfill operations on HCC 
property (apparently related to disposal areas located southwest of main site) were found, but none of these 
documents referenced any landfill or disposal permits or licenses. 
 
One of the disposal areas (Figure 1-2) located in the area south of Harvard Avenue, east of Jennings Road, 
and north of Bradley Road was closed in 1980 in accordance with solid waste landfill regulations.  These 
regulations included the installation of a drainage system, a 2-ft thick layer of clean soil cover, and grading 
and grass seeding of the landfill.  A letter approving the landfill closure was issued to the HCC by the Ohio 
Environmental Protection Agency (Ohio EPA) Solid Waste Division in May 1981.  The landfill was not 
investigated in this RI because it has been closed, in accordance with state environmental laws. 
 
2.2.3  Previous Investigations 
 
Previous investigations conducted at the Former Harshaw Chemical Site primarily addressed radiological 
contamination associated with government-contracted production operation. 
 
Intermittent surveys of the uranium refining operation at the HCC were conducted by MED and AEC to 
monitor worker safety.  Additional radiation surveys were conducted by AEC upon termination of 
government work at the site. 
 
The ANL performed a study for the AEC to determine the condition of sites formerly utilized by the MED 
and AEC.  A search of MED/AEC records indicated that documentation of the Former Harshaw Chemical 
Site remediation was insufficient to determine whether the decontamination work done was adequate enough 
to meet the AEC remediation guidelines.  This study was performed from 1976 to 1979 and concluded that 
“significant” levels of contamination were still present in 17 buildings and at 32 exterior locations.  
 
Chemical Waste Management (CWM) performed a radiological assessment of Building C (Building G-1) in 
1992.  This study was performed to determine the extent of contamination within the building. 
 
Foster Wheeler Environmental Corporation (FWEC) performed Decontamination and Decommissioning 
(D&D) activities on Building G-1 in 1995.  As a first phase of this effort, additional characterization was 
performed to determine the accuracy of previous characterization work performed by ANL and CWM and to 
quantify the extent of contamination within the building.  FWEC contracted Hilbert Associates, Incorporated, 
to prepare a report that summarized the FWEC survey results taken in 1995 and compared them with 
previous characterizations performed on Building G-1 by ANL and CWM.  Subsequent to characterization, 
FWEC removed piping and asbestos containing material (ACM), which were present in the building, and 
performed limited decontamination of selected floor areas.  FWEC was then demobilized from the project 
and the building was boarded up and locked.  Internally, the building was stripped of its equipment and 25% 
of its piping, leaving floors, walls, and ceilings in their contaminated state.  The radioactive waste and ACM 
generated during this effort were stored in Building G-1 under the mezzanine on the north side of the 
building and have not been removed to date. 
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Numerous radiation surveys of existing buildings and structures were conducted by B. Koh & Associates, 
Inc. in the 1990s for the current property owners.  Survey results were submitted to the Nuclear Regulatory 
Commission (NRC) along with requests for free release determinations.  Many of the released buildings and 
structures were torn down and disposed accordingly. 
 
B. Koh & Associates, Inc. also conducted environmental investigations for most of the site.  The 
investigations included soil, sediment, surface water, and groundwater sampling conducted primarily to 
characterize radiological conditions associated with past HCC operations.  Results are documented in the Site 
Characterization Report (B. Koh and Associates, Inc. 1998b). 
 
Blasland, Bouck & Lee also conducted chemical soil sampling for former Parcels A, B, and C (currently 
defined as portions of IA03 and IA04, IA06, and the southern portion of IA07, respectively). 
 
2.3   SITE CHARACTERISTICS 
 
The Former Harshaw Chemical Site consists of a total of approximately 57 acres and includes several 
separate parcels of land located both north and south of Harvard Avenue.  The site includes areas of 
pavement, broken pavement, and non-paved (vegetated, dirt, or gravel) surfaces (Figure 2-1). 
 
The following sections are based on existing information provided in the Site Characterization Report (B. 
Koh and Associates, Inc. 1998b), groundwater well logs, and other information compiled by Dames & 
Moore, Remcor, and ERM-Midwest, Inc. (ERM), as well as data gathered throughout the RI.  The regional 
geologic description is based on information from the Ohio Department of Natural Resources (ODNR). 
 
2.3.1  Topography 
 
The Former Harshaw Chemical Site is located at the confluence of the Cuyahoga River and Big Creek 
floodplains (Figure 2-4).  The site is relatively flat, with a slope of less than 1% toward the east (Cuyahoga 
River) and to the south (Big Creek).  The land surface elevation at the site ranges from approximately 594 ft 
above mean sea level (amsl) in the northern portion, to approximately 590 ft amsl near the banks of Big 
Creek and the Cuyahoga River.  The elevation of the river itself is approximately 575 ft amsl.  The 
surrounding areas above the floodplain are developed land with relatively low relief at an approximate 
elevation of 675 ft amsl. 
 
2.3.2  Geology 
 
The following sections include summaries of the regional and site-specific geologic settings for the Former 
Harshaw Chemical Site. 
 
2.3.2.1   Regional Geology 
 
Cuyahoga County is situated within the Appalachian Plateau and the lower-lying Central Lowland 
physiographic provinces.  The two provinces are separated by the Portage Escarpment, which runs northeast 
through the south-central portion of the county.  The glacial soils of the Portage Escarpment are cut by 
valleys associated with rivers and tributary systems.  Alluvial deposits in these valleys, including the 
Cuyahoga River valley, vary and are composed of silty clays, sands, and gravels. 
 
Unconsolidated deposits in Cuyahoga County consist of madeland (fill), glacial tills, lacustrine soils from 
glacial stages of Lake Erie, and fluvial deposits.  Lacustrine soils, consisting of lake clays and beach ridges, 
are present along the Cuyahoga River valley as far as 15 miles south of the present shoreline, but are 
generally restricted to the northern part of the county (within 3 miles of Lake Erie).  These soils are often 
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covered with anthropogenic fill associated with industrial and residential development, especially in low-
lying areas.  Glacial soils in the county are Wisconsinan age tills of the Killbuck and Cuyahoga Lobes.  The 
majority of the tills in the county are Killbuck (Hiram and Hayesville tills), and Cuyahoga (Lavery till).  The 
tills are primarily composed of silty clays with varying percentages of sands and gravels.  Lenses of sand and 
gravel within the tills are usually present as relatively thin layers of limited horizontal continuity.  Fluvial 
deposits are associated with the Rocky River, Cuyahoga River, and Chagrin River systems.  These rivers 
flow north to Lake Erie. 
 
Cuyahoga County lies on the eastern flank of the Findlay Arch, an extension of the Cincinnati Arch bedrock 
anticline.  Bedrock underlying the county consists of eastward-dipping rocks of the Pennsylvanian (310-265 
million years), Mississippian (355-310 million years), and Devonian (410-355 million years) periods.  Rocks 
from these periods are represented by the Pennsylvanian Allegheny and Conemaugh Formations and the 
Pottsville Group, the Mississippian Cuyahoga Shale and Berea Sandstone, and the Devonian Bedford and 
Ohio shales.  The Allegheny and Conemaugh formations consist of interbedded shales, sandstones, 
limestones and coals.  The Pottsville group consists of sandstones and conglomerates, including the Sharon 
Conglomerate.  The underlying Cuyahoga Formation consists of interbedded shales and sandstones, and the 
Berea Sandstone is composed of fine to medium quartz sandstone.  The Devonian Bedford Shale consists of 
interbedded shales and sandstones.  The Ohio Shale occurs as a gray, medium to thick bedded shale with 
siltstone or sandstone interbeds (Chagrin Shale Member) and dark gray to black thin-bedded shale 
(Cleveland Member).  The Berea and Sharon Formations are locally important sources of groundwater. 
 
Bedrock elevations in Cuyahoga County range from 0 to 1200 ft amsl.  Lower elevations occur in pre-glacial 
bedrock valleys.  The largest of these extends from the Cleveland lakeshore east of downtown south to the 
Summit County line.  Other lesser valleys extend south from Rocky River to Middleburg Heights, from 
Middleburg Heights east to Independence, and from Maple Heights southeast to the Summit County line.  
Another significant bedrock valley runs from south to north near the Geauga County line in eastern 
Cuyahoga County.  The valleys are filled with glacial deposits of varying grain size.  Portions of these buried 
valleys contain sand and gravel deposits, which may be important sources of groundwater in some areas. 
 
2.3.2.2   Site Geology 
 
The former production areas of the Former Harshaw Chemical Site are located north of the confluence of Big 
Creek and the Cuyahoga River.  The southern portion of this area is bordered by Big Creek to the southwest 
and the Cuyahoga River to the east south-east.  The site subsurface geology consists, on average, of 
approximately 22 ft of unconsolidated material that overlies shale bedrock.  The bedrock is relatively shallow 
beneath the northern part of the property and becomes deeper toward the south, while the thickness of the 
unconsolidated material increases.  This unconsolidated material consists of both anthropogenic fill and 
native fluvial sediment deposits.  The native fluvial sediments are indicative of the site’s geographic setting 
within the Cuyahoga River Valley.  RI boring logs note both fluvial (coarse-grained) and floodplain (fine-
grained) sediments across the site.  The regional glacial moraine deposits common to the surrounding areas 
are not seen at the site, but are presumed to be present in adjacent highlands to the west.  The dynamic nature 
of the post-glacial environment in the Cuyahoga River valley left little glacial till material deposits.  The 
native fluvial material has been covered by reworked sediments and other construction-related fill materials 
during what appear to be two major stages of development: the deposition of Old Fill during the initial major 
development of the site post 1903, and the deposition of New Fill during construction and operation of the 
Former Harshaw Chemical Site.  The Soil Survey of Cuyahoga County, Ohio (USDA 1980) classifies the site 
soils as urban land (Ub).  Classification Ub is defined as areas of 10 acres or more that are flat or gently 
sloping, and where roughly 80 percent of the surface is covered by buildings and/or manmade surfaces.   
 
A United States Geological Survey (USGS) topographic map from 1903, produced prior to any significant 
commercial/residential land development at the site, indicates the presence of a topographic high in the main 
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portion of the site north of Harvard Avenue with approximately 100 ft of relief (Figure 2-5).  The 
topographic high shown on this map generally coincides with the bedrock high in IA03/IA04 identified 
during historical and RI sampling activities.  The site was likely developed for commercial and/or residential 
use after this period.  During this stage of development the bedrock high was removed and the area back-
filled with reworked native material which now overlies the native fluvial sediments.  This bedrock ridge 
may have acted as an obstruction in the paleo-river channel environment, allowing fine alluvium to collect 
behind the structure.  These fine sediments can be noted on RI soil boring logs, as can shale fragments within 
the fluvial material.  The presence of these shale fragments may be a result of shale spread occurring during 
site development activities when the ridge was exposed.  The next stage of site development was the 
industrialization of the area and the construction of the HCC (and precursor) facilities.  During this time a 
second layer of newer fill material was placed in the area.  This New Fill appears in many places to be 
composed of industrial waste products.  It is likely that this second episode of fill emplacement occurred 
during the initial industrialization as well as throughout the operational period of the HCC.  Also, it is 
apparent most of the fill placement activities conducted along the banks of the Cuyahoga River and Big 
Creek were intended to provide increased developable land area and to minimize the potential for flooding 
and bank erosion. 
 
Over 250 soil borings were installed and logged during the RI (Figures 3-14 through 3-18).  The information 
contained in the completed geologic soil boring logs was analyzed along with approximately 100 additional 
groundwater monitoring well and soil boring logs from previous investigations conducted at the site.  A 3-D 
site-wide geologic model was developed based on the geologic interpretation of these logs.   
 
RI soil boring logs (included as Appendix 1B) were analyzed to determine elevations for surfaces of the 
various stratigraphic units represented in the geologic model.  Unit surface elevations were initially recorded 
as depths below ground surface (bgs) on all geologic soil boring logs.  These depths were then converted to 
elevations (ft amsl) for use in the geologic model.  Surveyed ground surface elevations (GSEs) were not 
available for all soil boring locations.  When necessary, GSEs for individual borings were determined by 
back-interpolation to the modeled land surface topography.  Depths below ground surface recorded on soil 
boring logs were subtracted from these GSEs to determine the elevation for the surface of each stratigraphic 
unit.  Surveyed easting and northing coordinates for RI boring locations were recorded using a portable 
Global Positioning System (GPS) unit.  Surveyed coordinates for historical soil borings were not included in 
available historical documentation.  As a result, the locations of historical soil borings were estimated where 
possible using available hardcopy maps. 
 
The modeled land surface topography of the site was generated from electronic Automated Computer-Aided 
Drafting (AutoCAD) drawings obtained from the Cuyahoga County Engineer’s Office which included site 
land surface topography at 2-ft contour intervals (Figure 2-6).  The vertices of these contour lines were 
converted to data points with elevations equal to the value of the contour.  Additional vertices were then 
interpolated on each contour line to provide smaller data spacing and a smoother modeled topographic 
surface.  From this resulting data file, a two-dimensional elevation grid representing site land surface 
topography was created.  This elevation grid was adjusted accordingly with the addition of 177 surveyed 
GSEs distributed over the entire site.  The average absolute error for elevation on the adjusted grid is 
approximately 1.5 ft.  
 
Subsurface geologic units were distinguished from one another based primarily on the color and composition 
descriptions recorded on field soil boring logs.  The following sections provide a description of each geologic 
unit along with additional information regarding general distribution and geometry. 
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2.3.2.2.1   Shale Bedrock 
 
The shale bedrock underlying the Former Harshaw Chemical Site is identified as the Chagrin Member of the 
Ohio Shale Formation.  It is characterized as a blue-gray laminated shale with inter-bedded siltstones.  RI soil 
borings installed throughout the site typically met refusal at approximately 2 ft below the surface of bedrock.  
The shale bedrock typically contains a weathered layer approximately 2 ft in thickness at the surface and is 
highly fractured and fissile.  This fractured layer is also typically wet and bears water within the fractures.   
 
The surface of bedrock is shallower in the north/northwest part of the site and becomes deeper to the 
southeast.  Its maximum observed depth during RI was 39.7 ft soil boring (IA04-SB0028) and the minimum 
observed depth was 4.6 ft (at monitoring well DM-16) in IA03.  This area represents the highest point of a 
subsurface bedrock ridge discovered during RI soil boring activities at IA03.  This ridge existed as a 
topographic high during periods of glacial till fluvial sediment deposition and thus prevented the 
accumulation of native material in this area.  Continual wave action along Lake Erie shorelines and/or 
excavation by rivers carried away any native material deposits, leaving the exposed bedrock ridge.  The 
subsurface bedrock ridge encountered during RI intrusive sampling represents the remnants of the bedrock 
ridge that existed at the surface in this area in 1903 (Figure 2-5).   
 
Figure 2-7 presents a structure map of the bedrock surface as interpreted from 86 soil boring logs advanced 
to the shale bedrock.  The bedrock surface in the southern and southeastern part of the site was determined 
from a regional bedrock map, as no historical or RI borehole data were available for this area.  The figure 
clearly depicts the subsurface bedrock ridge below and to the south of Building G-1. 
 
2.3.2.2.2   Native Sediment 
 
The Native Sediment unit is distinguished by a sharp break in soil color from the yellow-orange and brown 
of the overlying Old Fill to the distinct gray of the native fluvial material.  This unit also has a composition 
typical of a river channel environment, showing both the coarse-grained river channel deposits and the fine-
grained floodplain sediments.  The Native Sediment unit is composed of a mixture of sand, silt, clay and 
gravel.  It has distinct and identifiable layers that occur at consistent depths, suggesting varying depositional 
events/energy within the river channel.  A basal gravel layer separating the Native Sediment unit from the 
underlying bedrock is observed in many locations.  The Native Sediment is continuous beneath the entire site 
with the exception of those areas directly south and east of Building G-1 where the bedrock ridge exists.  As 
discussed above in Section 2.3.2.2.1, this ridge prevented permanent deposition of the Native Sediment in 
these areas.   
 
2.3.2.2.3   Old Fill 
 
Deposition of the Old Fill material, consisting of re-worked fluvial material, likely occurred during the initial 
major development of the area after 1903, but prior to construction of the HCC.  During this period the site 
was characterized by a topographic high formed by the underlying bedrock with approximately 100 ft of 
relief.   This bedrock high was leveled during historical site development and the area apparently was back-
filled with what generally appears to be a mixture of foundry sand and re-worked fluvial sediments.  This 
Old Fill unit is distinguished primarily by the yellow-orange and brown soil colors and secondarily by 
compositions recorded on soil boring logs.  The Old Fill generally contains a higher percentage of sand than 
the New Fill above it.  The Old Fill also contains layers of silt and clay and is predominantly heterogeneous 
in nature.  The yellow-orange to brown color and orange staining noted on soil boring logs may be indicative 
of weathering that occurred when the upper portion of this unit was exposed at the ground surface.  The base 
of the Old Fill is typically marked by a thin layer of dark gray to black clay and organic matter.  Similar to 
the New Fill this layer likely represents organic plant matter and floodplain deposits that covered the 
underlying land surface prior to deposition of the Old Fill material.  This basal layer of organic matter 
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represents a distinguishable boundary marking the separation of fill material (Old Fill and New Fill) from the 
underlying Native Sediment unit. 
 
The Old Fill is nearly continuous across the site, but is observed to pinch out in some areas.  Soil boring logs 
indicated a transition from New Fill to Native Sediment where the Old Fill unit thins or pinches out entirely.  
The Old Fill has a maximum observed thickness of 17 ft and averages approximately 8.5 ft in thickness.  Old 
Fill appears to be absent along river banks in areas that have been built up using New Fill; for example, along 
the southern bank of Big Creek, west of the CSX railroad lines, and along the northwest bank of the 
Cuyahoga River in IA04.  
 
2.3.2.2.4   New Fill 
 
New Fill represents the most recently deposited fill material likely associated with the construction and 
operation of the HCC.  The New Fill is predominantly heterogeneous in composition and grain size.  It 
contains a significantly higher percentage of fine-grained material than the underlying Old Fill.  The grain 
sizes range from clay to silty-clay with some sand.  In many locations the New Fill contains construction 
debris such as bricks, glass, plastic, and various stained granular materials (thought to be chemical process 
wastes) as noted by field geologists on soil boring logs.  A hydrocarbon odor is also reported on soil boring 
logs in IA04 and IA07.  The presence of this construction debris is the primary distinguishing characteristic 
of the New Fill.  In many locations the base of the New Fill was determined by the deepest occurrence of 
construction debris noted on soil boring logs.  In areas with relatively thin New Fill, soil boring logs 
commonly note slag gravel and other obvious fill materials.  The base of the New Fill is characterized in 
some places by a thin layer of dark gray to black clay and organic material.  This thin layer may represent 
organic plant matter and floodplain deposits representing the former land surface prior to deposition of the 
New Fill.  Figure 2-8 presents an isopach map showing the thickness and distribution of the New Fill across 
the site.  The average thickness of the New Fill across the entire site is 5.6 ft. 
 
In the main production areas of the site (IA03 and IA04), the New Fill generally thins toward the western and 
northern edges of the property approaching the adjacent CSX railroad lines.  In these areas the New Fill 
appears to be bounded to the west and north by these railroad lines.  A review of the 1903 topographic map 
indicates these railroad lines pre-date construction of the current facility and thus acted as infrastructure 
boundaries for property re-working activities during site development.  The soil boring logs from locations to 
the west and north beyond the adjacent CSX property (from the installation of monitoring wells BKG-
GW0001 to BKG-MW0005) show small amounts of slag and fill material, but also show Old Fill surfaces 
consistently close to the ground surface (1 to 1.5 ft bgs).   New Fill occurs as a continuous layer throughout 
IA03 and IA04 and reaches its maximum thickness along the northwest bank of the Cuyahoga River in the 
northern part of IA04.  In this area, the fill is observed to be over 37 ft thick (at monitoring well DM-28) and 
lies directly on bedrock.  Figure 2-8 suggests that the northwest bank of the Cuyahoga River was built up 
using New Fill material.  The New Fill is also found to be present in low-lying areas and depressions around 
Building G-1 in IA03.  These depressions are approximately 5 ft deep. 
 
New Fill occurs as a continuous layer throughout IA05 and can be seen in portions of IA06.  New Fill is 
present in IA06 along the eastern Cuyahoga River bank but is absent in the eastern portion of that IA.  
 
The New Fill also appears in IA07; however, data in this IA were focused primarily along the banks of Big 
Creek and toward the southern end of the IA.  Along the southern bank of Big Creek in IA07, the New Fill is 
observed to be 27 ft thick (at soil borings IA07-SB0012 and IA07-SB0014) and is in direct contact with the 
underlying shale bedrock.  Figure 2-8 also suggests the banks of Big Creek in IA07 were built up using New 
Fill material.  New Fill in the southern portion of IA07 is also well characterized.  Continuity of the New Fill 
in the central portion of IA07 is relatively uncertain due to the relative lack of data in this area.   
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2.3.3  Hydrogeology 
 
The following sections include summary descriptions of the regional and site-specific hydrogeologic setting 
for the Former Harshaw Chemical Site and vicinity. 
 
2.3.3.1   Regional Hydrogeology 
 
In general, Cuyahoga County does not possess extensive high-yield aquifers. The Ground Water Resources 
of Cuyahoga County (Crowell 1979) indicates the majority of the county overlies areas of poor groundwater 
production, where yields of 10 gallons per minute (gpm) or less may be developed from groundwater wells.  
Higher production rates in some areas can be obtained from sandstone bedrock and in other areas from 
unconsolidated buried valley deposits. 
 
Groundwater in most areas is produced from Mississippian or Devonian shale bedrock and the overlying 
unconsolidated deposits, which are predominantly clays.  Wells completed in the shale bedrock may produce 
3 to 10 gpm, with lesser yields from the overlying clays.  Brackish water and dry holes are common in the 
overburden. 
 
Yields of 10 to 40 gpm may be obtained from the Berea Sandstone and the Sharon Sandstone in somewhat 
extensive but isolated areas in the southern half of Cuyahoga County.  Berea Sandstone wells may be drilled 
in the Olmstead, Middleburg/Parma Heights, and Independence areas, and along the Geauga County line to 
the east.  The Sharon Sandstone can be tapped in the extreme south-central portion of the county, and in an 
area in the eastern part of Cuyahoga County. 
 
A buried bedrock valley aquifer system extends from the lakeshore in the Cleveland area, south to the 
Summit County line, then west across the south-central portion of Cuyahoga County to Middleburg Heights.  
Production from the northern portion of the system averages 3 to 10 gpm, except for a small portion in the 
center of the valley, where up to 250 gpm may be produced.  Production from the remainder of the system 
averages 10 to 25 gpm.  Additional buried valley deposits in the eastern part of the county generally produce 
three to 25 gpm, with the exception of a small area northwest of Maple Heights, where yields of up to 1500 
gpm can be obtained.  Yields of 3 to 25 gpm can also be obtained from buried valley deposits under the 
eastern portion of the county, near the Geauga County line. 
 
2.3.3.2   Site Hydrogeology 
 
Groundwater flow at the Former Harshaw Chemical Site is controlled by the nature of the unconsolidated 
deposits, the topography of the underlying shale bedrock, and the relative elevation of the discharge areas 
(Cuyahoga River and Big Creek).  Discussions of site hydrogeology in the following sections are based on 
available historical data and data collected during the RI from water level measurement, slug testing, and 
well development/sampling activities.  A more detailed evaluation of site groundwater flow, including 
modeled fate and transport evaluations, is presented in Section 7. 
  
A total of 57 monitoring wells, temporary piezometers (2-inch Polyvinyl Chloride [PVC] wells with a design 
consistent with permanent monitoring wells), and temporary well points (with 1-inch PVC screens and risers 
with a sand filter pack and bentonite above the sand) were installed to various depths throughout the site and 
on adjacent properties to the west during both historical investigations and the RI (Section 3.7).  Table 2-5 
provides an inventory of all existing pre-RI wells, as well as RI monitoring wells, background wells, 
temporary piezometers, and temporary well points.  Figure 2-9 shows the location of all existing pre-RI and 
RI wells, temporary piezometers, and temporary well points utilized during the RI.  Water level 
measurements were collected from this network of groundwater data points during nine synoptic events 
throughout the RI.  These measurements provided data for the production of potentiometric surface maps to 
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determine groundwater flow across the site.  Section 6.6.5 presents the results of all groundwater level 
measurement events conducted during the RI.   
 
Potentiometric maps (Figures 6-36 and 6-37) show groundwater flow in the unconsolidated fluvial material 
saturated zone to be generally from west to east across the site.  Groundwater flow directions across the site 
appear to be influenced by changes in surface water levels and flow in the Cuyahoga River and Big Creek.  A 
more detailed description of site groundwater flow and potential influences by adjacent surface water flow 
can be found in Section 6.6.5. 
 
Data generated during slug testing and well development/sampling provided additional information regarding 
site groundwater conditions.  RI slug tests conducted on 23 wells produced hydraulic conductivity values that 
varied over several orders of magnitude due to the heterogeneity of the site lithology.  Results of RI slug 
testing are presented in Section 6.6.6 of this report.  Section 7 (Groundwater Flow and Transport) also 
discusses these results and provides information on their application to the site groundwater model. 
 
A groundwater extraction (pump and treat) system was installed on-site in June of 1994 to remove nickel-
impacted groundwater along the sanitary sewer line on the west side of the site.  The system includes eight 
recovery wells (Figure 2-9).  The extraction system and its impacts on-site groundwater conditions are 
further discussed in Section 7. 
 
Current site operations do not use local groundwater for drinking or industrial processes.  The water-bearing 
zone below the site varies in production (i.e., well yields) and municipal water supplies are in place (and 
available for expansion), thus precluding the need for groundwater.  No potable drinking water wells are 
currently located in the vicinity of the site.  Future uses of groundwater are unlikely since the Cuyahoga 
River and Big Creek provide readily accessible and usable process and drinking water with treatment.  The 
State of Ohio qualifies (by default) all groundwater as a resource for drinking water and maintains a 
Voluntary Action Program (Brownfield-like program) that has an Urban Water Classification process (Rule 
10), which may not be applicable to this FUSRAP site but possibly relevant and appropriate.  The 
groundwater extraction system installed to remove nickel-impacted groundwater also precludes site 
groundwater use for operations or consumption.  The probability for future consumption is low, and site 
remedial action objectives (may be finalized in future studies like a Feasibility Study [FS]) for soil will be 
protective of groundwater. 
 
The subsurface geologic units discussed in Section 2.3.2.2 provide the framework discussion for descriptions 
of the two primary groundwater-bearing saturated zones at the site.  Primary groundwater flow occurs within 
the fluvial sediment saturated zone, a variably textured alluvium.  The fill and alluvium coarsens to the east 
toward the Cuyahoga River.  Due to the highly fractured nature of the uppermost portion of shale bedrock at 
the site, groundwater in this zone appears to extend into the upper portion of the shale bedrock.  Based on 
geologic boring log descriptions, groundwater within this relatively thin fractured upper bedrock zone is 
present as a result of direct contact with the overlying saturated fluvial sediment zone at the site.   
 
Regionally, the shale bedrock is not a significant groundwater bearing zone, historically producing 3 to 10 
gpm.  Three wells installed during historical investigations, DM-31, RPZ-33, and RMW-38, are screened 
entirely within this bedrock unit, including the uppermost highly fractured zone.  Water levels in these wells, 
located on the bedrock ridge, generally agree with the overlying unconsolidated material.  The similarities 
observed between groundwater levels within the fluvial sediment and the fractured bedrock zone suggest 
these zones are hydraulically connected.   
 
In a historical investigation, ERM submitted one Shelby tube bedrock core sample (from well boring ERM-
45) to BBC&M Engineering in August 1992.  The vertical permeability of this sample was 1.4 x 10-9 
centimeters per second (cm/s).  No bedrock cores were collected during the RI. Limited information 
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regarding the horizontal conductivity of the shale bedrock is available from the results of RI slug testing 
conducted at the RMW-38 bedrock well.  Slug test results at this well, screened within the shale bedrock, 
indicate an average hydraulic conductivity of 0.16 feet/day (ft/day) (5.64E-05 cm/s). 
 
The fluvial sediment represents the primary water-bearing zone in the vicinity of the site.  It underlies the fill 
material and is located above the shale bedrock unit.  This unconsolidated material saturated zone is not used 
as a drinking water source for the surrounding Cleveland area, which obtains metropolitan water from Lake 
Erie.  Potentiometric maps (Figures 6-36 and 6-37) indicate groundwater in the fluvial sediment discharges 
to the Cuyahoga River and Big Creek. 
 
In the historical investigation mentioned previously, ERM also submitted four Shelby tube soil samples from 
within the fluvial sediment saturated zone to BBC&M Engineering in August 1992.  The samples, taken 
from well borings DM-25R, ERM-45, ERM 46, and ERM-47, consisted primarily of sand and gravel with 
lesser amounts of silt and clay.  Vertical permeability values from these samples ranged from 2.65 x 10-5 to 
1.67 x 10-2 cm/s.  Three of the five values were near 4 x 10-4 cm/s.  An additional three Shelby tube soil 
samples from within this saturated zone were submitted for laboratory analysis during Phase II of the RI.  
Vertical permeability values for these samples ranged from 2.1 x 10-5 cm/s to 3.99 x 10-5 cm/s. 
 
Three monitoring wells and five background monitoring wells located to the north and west of the main 
portion of the site were installed during the RI.  Well development logs for these wells are included in 
Appendix 1B of this RIR, and show relatively high groundwater production rates as compared to other 
existing pre-RI and RI wells located on-site.  Boring logs describe silty and clay soils, but also an abundance 
of sand and/or gravel layers within the screened intervals of these wells, through which groundwater is 
transmitted.   
 
In contrast, many of the existing pre-RI wells and RI wells located in the main industrial portion of the site 
proved to be relatively poor producers of groundwater.  Well development logs show a majority of these 
wells producing less than 10 gallons before becoming dry.  Available boring logs with lithologic descriptions 
show clay as the predominant soil type in these areas.  These low-producing wells within the main developed 
portions of the site appear to be screened within fill material subsurface units (Old Fill and New Fill).  These 
predominantly fine-grained fill materials are assumed to be poor transmitters of groundwater. 
 
2.3.4  Surface Water 
 
The Former Harshaw Chemical Site is located at the confluence of the Cuyahoga River and Big Creek 
floodplains.  Surface water drainage characteristics vary across developed and undeveloped portions of the 
site as well as within individual IAs.  The following sections discuss characteristics of the two main surface 
water bodies present at the site, as well as site runoff and storm sewer drainage. 
 
2.3.4.1   Cuyahoga River 
 
Headwaters of the Cuyahoga River originate in Geauga County Ohio where the river flows southward to the 
city of Cuyahoga Falls before turning sharply north toward Cleveland, Ohio.  Along its approximately 100-
mile course, the river flows through heavily populated and industrialized areas including the city of Akron 
and suburban land south of Cleveland.  The Cuyahoga River discharges into Lake Erie at a point located 
approximately 4 miles north-northwest of the site. 
 
The surface elevation of water within the Cuyahoga River, as averaged from readings of RI staff gauges 
(Figure 2-10), is 574.7 ft amsl.  This elevation is on average approximately 20 ft below the elevation of the 
main developed portions of the site (IA03, IA04, and IA05).   
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The elevation of the river bottom (bedrock) adjacent to the site was not directly measured during the RI, but 
is assumed to be relatively shallow, based on bedrock elevations on-site and surface water elevations in the 
river. 
 
During periods of little or no precipitation throughout the RI, the Cuyahoga River water level dropped to 
baseflow conditions, revealing gravel bars immediately north of the confluence with Big Creek adjacent to 
IA05 (Field Photograph 1) and along the southern bank in IA06.  The presence of gravel bars at both of these 
locations is a result of bedload gravel carried to the Cuyahoga River by the Big Creek during periods of high 
flow.  The suspended bedload associated with these high flows entered the Cuyahoga River at the Big Creek 
confluence.  Gravel remained in suspension in the high flow of Big Creek, but naturally settled out as 
downgradient gravel bars in the lower-velocity Cuyahoga River. 
 
As referenced in Section 2.3.3.2, surface water flow in the Cuyahoga River has an overall impact on 
groundwater flow across the site.  Detailed descriptions of this interaction are provided in Section 6.6.5 and 
indicate flood stage flow in the river can change groundwater flow directions at the site.  Figure 6-38 
presents graphical data from USGS stream gauge 04208000 located on the Cuyahoga River in Independence, 
Ohio, approximately 2 miles upstream of the Former Harshaw Chemical Site.  This gauging station is the 
nearest to the site and provides records of mean monthly streamflow measurements from 1921 through 
September 2004.  Figure 6-38 shows monthly streamflow throughout this period as well as the mean annual 
flow for the entire period of record.  These streamflow data illustrate the frequency of potential flood stage 
events in the Cuyahoga River, which can impact site groundwater flow/conditions. 
 
2.3.4.2   Big Creek 
 
Big Creek headwaters are found in the cities of North Royalton, Ohio (east branch) and Brook Park, Ohio 
(west branch).  Big Creek flows east through Brooklyn and Cleveland, Ohio and merges with the Cuyahoga 
River just south of IA05, approximately 7.5 miles above the mouth of the Cuyahoga River.  The surface 
elevation of water within Big Creek is 575.2 ft amsl, as averaged from readings of RI staff gauges.   
 
Like the Cuyahoga River, no direct bedrock elevation measurements of the river bottom were collected 
during the RI.  The bedrock in the creek is assumed to be shallow based on bedrock elevations measured in 
IA05 and exposed bedrock visible along Big Creek banks in IA07. 
 
2.3.4.3   Runoff 
 
In IA03 and IA04, the topography of the developed land surface is characterized by generally low relief, with 
a gentle slope toward the Cuyahoga River to the east.  In IA04, where the site property is bounded by the 
Cuyahoga River to the east, a relatively steep bank of 25 to 30 ft is present along the west bank of the river.  
Large portions of the IA03 and IA04 land surfaces have been further modified to permit the construction of 
buildings, paved surfaces and associated drainage systems.  Numerous catch basins at the site collect 
precipitation runoff, which is directed to the Cuyahoga River or Big Creek via storm sewers and associated 
outfalls.  Functionality of the storm sewers, catch basins, and outfalls appears to vary with some sewer lines 
apparently inactive.  Flowing water was observed from one outfall located in the middle section of IA04 
adjacent to the Cuyahoga River near the north end of the Warehouse.  Areas to the north of the CSX railroad 
lines in IA03 are predominantly undeveloped and collect surface water during periods of rainfall. 
 
Land surface topography in IA05 is generally similar to that of IA03 and IA04, with relatively low relief.  A 
gentle slope to the southeast directs surface water runoff flow toward Big Creek and the Cuyahoga River.  
The land surface in IA05 is approximately 10 to 15 ft higher than the river and creek channel bottoms.  IA05 
was also developed for industrial use and surface water runoff was collected in storm sewers for eventual 
discharge to the Cuyahoga River and Big Creek.  This area currently has very few functioning storm drains.  
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Seven outfalls located in IA05 were identified during the RI, and only one appeared to have water flowing.  
Figure 3-20 shows historical information regarding the locations of sewer system features.  Because the 
information is from historical sources, the sewer features do not correspond exactly to the geographically-
referenced sampling locations from the RI.    
 
IA06 and IA07 represent undeveloped portions of the site where no known drainage systems exist.  The land 
surface in IA06 is relatively low-lying, only 5 to 8 ft above the surface of the Cuyahoga River.  During 
periods of high river flow, the adjacent land is often flooded as water from the Cuyahoga River overflows its 
banks and inundates the IA06 land surface.  Southern portions of IA07 are also low-lying and become wet 
during increased precipitation events.  Surface water runoff exits this area of the site through culverts passing 
beneath the adjacent railroad tracks. 
 
 
 



 

3.   REMEDIAL INVESTIGATION DATA COLLECTION PROGRAM 
 
This section describes the site characterization data collection program implemented in support of the Former 
Harshaw Chemical Site RI.  The general goals of the RI were to collect data of sufficient quantity and quality 
to determine the nature and extent of MED/AEC-related contamination, and to evaluate associated risks to 
human health and the environment.  The general project objectives developed for the RI data collection 
program include: 
 
• Define nature and extent of MED/AEC-related contamination (Project Objectives 1, 5, and 9); 
• Determine risk from exposure to MED/AEC-related contamination (Project Objective 2); 
• Determine if a release of MED/AEC-related radiological or chemical contamination has occurred at 

levels significant enough to pose the potential for unacceptable risk (Project Objectives 3 and 4); 
• Characterize RI waste for disposal (Project Objectives 6 and 10); 
• Characterize general site conditions (Project Objective 7); 
• Conduct field gamma spectroscopy to reduce radiological laboratory samples and provide near real-time 

results for the observational approach (Project Objective 8); and 
• Evaluate field screening and analytical methods for site characterization of radiological constituents 

(Project Objective 11). 
 
Additional details regarding the RI DQOs, including a comparison between planned and actual data 
collection activities, are presented in Appendix 1E. 
 
Project objectives were achieved through the collection of representative samples of various site 
environmental media including soil, sediment, surface water, groundwater, and building materials across the 
site as described in the RI SAP, Phase II SAP Addendum, Thorium Data Gap SAP Addendum, and Phase IV 
QAPP (SAIC 2003b, 2004, 2006b, and 2007b).  Samples also were collected from off-site locations to 
evaluate background levels for soil, surface water, sediment, and groundwater. 
 
The on-site and off-site environmental media were evaluated using a combination of systematic and biased 
sampling strategies depending on the specific project objectives and data quality requirements.  The 
investigative elements described in this section were designed to fulfill the DQOs presented in the RI SAP, 
Phase II SAP Addendum, Thorium Data Gap SAP Addendum, and Phase IV QAPP and are summarized in 
Appendix 1E.  All data collection activities and evaluations were conducted in accordance with methods and 
procedures outlined in the Former Harshaw Chemical Site Non-Intrusive Field Work Plan of Action (SAIC 
2002), RI SAP (SAIC 2003b), Phase II SAP Addendum (SAIC 2004), Thorium Data Gap SAP Addendum 
(SAIC 2006b), and Phase IV QAPP (SAIC 2007b) unless otherwise noted in Appendix 1E. 
 
Data and sample collection activities for the RI occurred in five investigative phases and several smaller sub-
phases as follows: 
 
• NIFW: September - October 2002; 
• Phase I: May - December 2003; 
• Phase II: May - December 2004; 

o Phase II Baseline A (May 2004) 
o Phase II Baseline B.1 (August - September 2004) 
o Phase II Baseline B.2 (October - December 2004) 

• Phase III (Thorium Data Gap): November – December 2006; and 
• Phase IV: July 2007. 
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Two additional field efforts, Phase III and Phase IV, were conducted to address data gaps identified during 
the evaluation of results from RI Phases I and II or during further review of historical information.  Phase III 
sampling was planned to further delineate thorium-230 contamination. Phase III sampling objectives, DQOs, 
and data collection activities and methods are described in the Thorium Data Gap Investigation Addendum 
SAP (SAIC 2006b).  For the purposes of this RIR, the Thorium Data Gap field investigation phase will be 
referred to as Phase III of the RI. 
 
Phase IV sampling was triggered by the discovery during this historical review that recycled uranium 
processed by the site during the early 1950s might have contained radioactive contamination at levels of 
concern.  RU contaminants, including technetium, neptunium, and plutonium isotopes introduced during 
uranium processing, were the primary targets of phase IV sampling. Phase IV sampling objectives, DQOs, 
and data collection activities and methods are described in the Phase IV SAP (SAIC 2007b). 
 
Table 3-1 provides a summary of data collection activities conducted throughout the RI. 
 
As described in Section 1 a SSHP and RPP were developed to protect the health and safety of project 
personnel, the public, and the environment while performing these activities.  The SSHP identifies potential 
hazards associated with the site in general and each planned field activity and prescribes the required controls.  
The primary hazards and procedures identified by the SSHP include: 
 
• Chemical and radiological hazards; 
• Biological hazards; 
• Physical hazards; 
• Personal protective equipment (PPE) requirements; 
• Exposure monitoring and action levels (ALs); 
• Site control procedures; and 
• Emergency procedures and equipment. 
 
The SSHP also included Activity Hazard Analysis (AHA) tables developed for each primary field activity 
and to identify task-specific hazards and controls.  The original SSHP was developed for Phase I of the RI 
and was updated for each subsequent phase for new field tasks or hazards that were identified (SAIC 1999, 
2000, 2003c, 2003d, and 2006b. 
 
3.1   REMEDIAL INVESTIGATION APPROACH 
 
The following sections provide an overview of the RI data collection program, including the observational 
approach applied to RI sample and data collection, and the RI constituents of interest.   
 
The Former Harshaw Chemical Site is divided into ten IAs, as shown on Figure 1-2.  The IAs were 
established based upon geographic location and environmental media, and provided a common terminology 
for use in the planning and execution of RI activities.  Summary descriptions of the Former Harshaw 
Chemical Site RI IAs are provided in Sections 3.4 through 3.7. 
 
3.1.1  Observational Approach 
 
The observational approach adopted for the Former Harshaw Chemical Site RI is consistent with the United 
States Environmental Protection Agency (USEPA) Triad approach.  The Triad approach is a streamlined 
approach to sampling, analysis, and data management activities during site assessment, characterization, and 
cleanup.  The approach, which focuses on the identification and management of decision uncertainties, is 
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comprised of three main elements: systematic project planning, dynamic work strategy, and real-time 
measurements.   
 
The Former Harshaw Chemical Site RI is consistent with the Triad approach as follows: 
 
• Project Objectives and data needs (Appendix 1E) required to meet those objectives have been clearly 

defined.  
• Data gaps were identified and integrated into sampling and analysis planning. 
• A dynamic work strategy was utilized through the involvement of a multi-dimensional, experienced staff 

in close communication. 
• Real-time (or near real-time) data were generated through the use of field instruments and the on-site 

BEGe and XRF laboratories.  These on-site laboratories were key to implementing the observational 
approach that included real-time decision making.  Field instruments that provided real-time data 
allowed for the selection of soil sample intervals.  

• Real-time data processing and evaluation was enabled through the use of technology such as file transfer 
protocol, allowing multiple users to view data as soon as it was available.   

 
Generally, the observational approach was applied to the RI data collection program to allow flexibility with 
the definition of contaminant extent and the incorporation of field observations into the field characterization 
activities.  Elements of the observational approach were included in data collection decisions for the 
following site media: 
 
• Building radiation surveys and material; 
• Soil; 
• Sediment and surface water; and 
• Groundwater. 
 
The observational approach elements applied to the site buildings included the completion of follow-on 
radiation survey and building material sampling activities during Phase II of the RI.  Phase I survey and 
material sample analytical results were reviewed to identify radiological impacts and determine if the extent 
of contamination was defined according to investigation objectives.  As a result, only a limited amount of 
additional radiation surveys and material sampling activities were conducted in Phase II to provide additional 
data.  Also, field observations for building surfaces and potential visible contamination were applied during 
the building characterization effort.  Additional details regarding the building radiation surveys and building 
material sampling and analysis are presented in Section 3.4. 
 
An observational approach to define the extent of radiological soil contamination was employed during RI 
sampling activities, as detailed in the SAPs and FSPs of each RI phase (SAIC 2003b, 2004, 2006b, and 
2007b).  The observational soil approach incorporated the radiological field screening results and the on-site 
BEGe and XRF laboratories to provide near real-time quantitative data.  Radiological field screening results 
greater than two times location-specific background were used to identify the need for radiological soil 
sample collection in addition to any planned sample intervals.  All on-site laboratory data were evaluated 
throughout the RI to determine if the extent of radiological soil contamination had been defined according to 
the stated project objectives and associated field screening levels. 
 
The observational approach for sediment and surface water in IA08 (Cuyahoga River and Big Creek) was 
limited to the identification of actual sampling locations based on observed sediment conditions in the field.  
The observational approach was not applied to contamination extent definition because no sample results 
exceeded their respective field screening values. 
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The observational approach was also applied during the characterization of IA09 sewers and drains during 
the RI.  Although COI-specific screening level values were not available for sediment and surface water 
within the site sewer and drain system, the identification of apparently elevated radiological COIs during 
Phase I in some locations resulted in limited additional sampling during Phase II.  Also, sewer line outfall 
sediment samples were collected at locations along the Cuyahoga River and Big Creek banks based on visual 
identification during site reconnaissance activities.  Additional sediment and surface water collection was 
conducted in Phase III (sediment only) and Phase IV.  Field activities conducted for the IA09 sewers and 
drains are discussed in Section 3.6.3. 
 
Groundwater sampling conducted during the RI also followed an observational approach with regard to the 
selection of wells to be sampled and the suite of parameters addressed in each sampling event.  The Phase I 
RI data collection program included an initial screening-level sampling of all existing pre-RI site 
groundwater monitoring wells.  One sample was collected from each existing pre-RI well for radiological 
COIs during the initial sampling event.  Results from the initial screening-level samples were used to identify 
the specific wells to be included in subsequent full-suite COI and radiological contamination extent sampling 
events and supported decisions regarding the installation of new monitoring wells, temporary piezometers, 
and temporary well points during the RI.  Section 3.7 delineates all groundwater sampling activities 
conducted through the RI. 
 
All sample locations were designated as “primary” or “secondary” locations in the RI SAP to incorporate the 
observational approach into the data collection program design.  Samples collected at primary locations were 
acquired to meet applicable project data needs and were not considered observational.  Samples collected at 
secondary observational locations were acquired only if laboratory analytical results indicated the need for 
additional observational sampling. 
 
Analytical sample results were evaluated on a regular basis to identify data gaps or to determine when a 
particular project objective had been completed.  These evaluations occurred in the field during the actual 
sample collection mobilization, or between separate mobilizations when new data were available.  Data 
evaluations included three-dimensional visualizations to help identify data gaps and locations for additional 
samples. 
 
3.1.2  RI Constituents of Interest 
 
The following list includes all chemical and radiological COIs addressed during the Former Harshaw 
Chemical Site RI (originating RI phase shown in parentheses): 

 
Metals 

(Phase I) 
(Phase I) 
(Phase I) 
 

 ● Lithium 
● Molybdenum 
● Total Uranium (Chemical) 

 Organics 
(Phase I) 
 

 ● Kerosene 

 Radionuclides  
(Phase I) 
(Phase I) 
(Phase I) 
(Phase I) 
 

 ● Thorium-232 (and daughters): 
• Thorium-232 
• Radium-228 +D 
• Thorium-228 +D 
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 Radionuclides (continued) 
(Phase I) 
(Phase I) 
(Phase I) 
(Phase I) 
 
(Phase I) 
(Phase I) 
(Phase I) 
(Phase I) 
(Phase II) 
(Phase II) 
 

 ● Uranium-235 (and daughters): 
• Uranium-235 +D 
• Protactinium-231 
• Actinium-227 +D 

 
● Uranium-238 (and daughters) 

• Uranium-238 +D 
• Uranium-234 
• Thorium-230 
• Radium-226 +D 
• Lead-210 +D     

 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 

 ● Technetium-99 
● Europium-152 
● Europium-154 
● Uranium-233 
● Uranium-236 
● Plutonium-238 
● Plutonium-239 
● Plutonium-240 
● Plutonium-241 (and daughters): 

• Americium-241 
• Neptunium-237 +D 

● Cesium-137 
 
Total uranium is considered both a chemical COI, due to its toxicological properties and as a radiological 
COI, due to carcinogenic properties of the uranium isotopes. For uranium results (excluding chemical 
uranium for water), individual uranium isotopes are not presented; instead, total uranium is presented as 
calculated from gamma spectroscopy analyses (Section 6.0).  For radionuclides not measured directly a 
surrogate was assigned based on the conservative assumption that applicable radionuclides are present in 
equilibrium with their surrogate (Table 8-1).  COIs represented by surrogates include: lead-210 (all 
matrices), thorium-228 (soil and sediment only), and thorium-232 (soil and sediment only).  Because lead-
210 was not measured directly for any matrix during the RI all discussions of lead-210 soil results are 
presented in conjunction with its surrogate (radium-226).  Thorium-228 and thorium-232 were measured 
directly for some matrices, however, the surrogate radium-228 is used where direct measurements are not 
available (soil and sediment only). 
 
The COIs listed above were previously referred to as COPCs in the RI SAP and Phase II SAP Addendum 
(SAIC 2003b and 2004).  To prevent confusion with similar terminology commonly utilized during the risk 
assessment process, the following designations are utilized within this RIR when referring to chemical and 
radiological constituents: 
 
• COI - constituent included in the RI data collection program. 
• COPC - constituent evaluated in the RI BRA. 
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• Significant COPC (or preliminary COC1 in Section 8) - constituent associated with unacceptable risk by 
the RI BRA. 

 
In Phase III, the primary COI that underwent investigation was thorium-230.  During development of the 
BRA in the RIR, it was determined that thorium-230 was the primary radionuclide driving human health 
risks, but only a limited data set for thorium-230 existed at the site since it was not a primary COI during the 
first two phases of the RI.  Because thorium-230 serves as the primary human health risk driver, it was 
essential that additional data were collected to support future remedial actions or FS estimates of the extent 
of contaminated material requiring remediation at the site. 
 
Phase IV was developed to analyze the potential recycled uranium related contaminants at the Former 
Harshaw Chemical Site.  Phase IV covers other potential MED/AEC radionuclides in soil, sediment, and 
groundwater.  Above is a list of recycled uranium, enriched uranium, and depleted uranium COIs 
investigated in Phase IV of the RI. 
 
For the radionuclides, the “+D” notation (for plus daughters) indicates the presence of short-lived decay 
products (those with half-lives less than 6 months) that are assumed to be in equilibrium with the longer-
lived parent radionuclide identified in the list above.  This is consistent with the notation used in the Health 
Effects Assessment Summary Tables (HEAST) (USEPA 1995b) and the Residual Radioactivity (RESRAD) 
computer code (ANL 2001b).  The radionuclides in these three naturally occurring decay series are given in 
Figures 8-3, 8-4 and 8-5, and the “+D” notation indicates the presence of short-lived decay products up to the 
next longer-lived radionuclide.  For example, uranium-235 +D accounts for uranium-235 and thorium-231 
(see Figure 8-3).   
 
3.1.3  Phase III and IV Sampling following Conceptual Site Model Update 
 
Following the completion of Phase I and Phase II sampling and review of results, the CSM for the Former 
Harshaw Chemical Site originally developed in the RI SAP and Phase II SAP Addendum (SAIC 2003b, and 
2004) was updated.  The revised CSM, in turn, lead to sampling in two further phases to address newly 
identified data gaps. Phase III and IV sampling efforts are summarized in the following sections. 
 
Results of Phase I and II sampling, in particular, the discovery of thorium-230 contamination, lead to a 
further in-depth review of historical documents covering site operations, including feeds, products, wastes, 
releases and material disposition on-site and off-site in an effort to understand the source and possible 
distribution of thorium-230 on-site. This review lead to further sampling focused on thorium-230 in Phase 
III. During Phase III sampling additional documents were found that suggested that processing of RU at 
HCC involved higher concentrations of RU contaminants than previously thought.  These contaminants then 
represented additional COIs addressed in Phase IV sampling.  Phase III and IV investigations were focused 
in particular areas of the site related to previously used plant facilities, including storage pads, pits, and sewer 
lines, as well as in areas where uranium and thorium contamination were previously found. 
 
Further updates of the CSM resulting from all of the data collection efforts, including Phases III and IV, are 
presented in Sections 8.2.3.2 and 9.1.1. 
 

                                                      
1 Significant COPCs are identified in Section 8.2.8 as preliminary COCs.  The final designation of a constituent as a 
“COC” is subject to an FS and therefore referred to as a Significant COPC in sections leading up to Section 8, the BRA, 
where Significant COPCs are then discussed as “preliminary COCs.”   
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Thorium-230 and Radium-226 
 
In the RI SAP and Phase II SAP Addendum, thorium-230 sampling was somewhat limited because historical 
information reviewed at that time had not identified thorium-230 as a source contamination separate from 
uranium at HCC (see Section 6.1.1.3).  However, higher than expected concentrations of thorium-230 found 
in soils during Phase I sampling prompted a further review of this assumption.  This review found that 
thorium-230 would have been associated with the uranium concentrates used as feed in the brown oxide 
plant during its initial years of operation from 1949-1951. 
 
Thorium levels (mainly thorium-230) in such feeds could have been as high as a few percent (ORNL 1975). 
Site contamination from thorium-230 could have resulted from a release of ore concentrates prior to 
processing in the HCC refinery/brown oxide plant, or from the release of waste materials from this plant, 
mainly the raffinate materials.  Because the raffinate filtering operation was inherently messy, as noted in site 
records, and large quantities of materials were involved, incidental spills and minor disposal of filter solids 
on-site might be expected. 
 
HCC did not employ raffinate pits as far as can be discerned from site records and initial site investigations.  
Under the original batch design (1949-1951), the refinery disposed of liquid raffinate in the sewer system and 
collected un-dissolved solids as sludge on Niagara filters for reworking either on-site or off-site. The 
redesigned continuous refinery (1951-1954) sent both dissolved and un-dissolved solids to the sewer, and 
thus produced far less collected solids. 
 
The extraction process separated thorium-230 from uranium, with raffinate sludge enriched in thorium. Site 
soils that have thorium-230 elevated relative to uranium in Phase I and II sampling might have been 
contaminated with raffinate sludge produced in fairly high quantities and were heavily reworked both on-site 
and off-site due to their residual uranium values. Areas where detected thorium is not elevated relative to 
uranium indicate contamination possibly associated with the ore concentrate feed materials prior to 
processing. 
 
Due to the possible association of thorium-230 with waste streams in addition to the main uranium feed 
streams, additional Phase III and Phase IV sampling was conducted in areas where wastes might have leaked 
or been disposed on-site, including in sewers, on pads, and in former ponds and pits. In this sampling, 
thorium-230 was analyzed in archived soil samples collected during Phase I, in new soil borings in former 
pits and ponds, under pads, in and around sewer lines, and in river sediments. Sampling or analysis of 
archived samples was conducted in all soil IAs. A summary of Phase III and Phase IV sampling is presented 
in Section 3.5, 3.6, and 3.7 and results of sampling are presented along with those for Phase I and Phase II in 
Section 6. 
 
Radium-226 is also associated with uranium concentrates, although at a lower level than thorium-230 
(ORNL 1975).  Although results of sampling during Phase I and Phase II did not indicate unexpected levels 
of radium-226 contamination at the site, a perceived data gap remained due to its association with uranium 
concentrates, the same association that is assumed to be the source of thorium-230.  Given the possibility of 
the wider radium-226 contamination than originally thought, further sampling was designed similar to that 
for thorium-230 to investigate this possibility. 
 
Recycled Uranium Contaminants 
 
During the further review of historical documents to address the thorium-230 data gap, two documents were 
found that indicated HCC had received small quantities of radiological contaminants that might be of 
concern in recycled uranium from Hanford processed at the site (DOE 2003a and b). The first report (DOE 
2003b) estimated that HCC had received about 9 grams of plutonium, 670 grams of neptunium, and 15 
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kilograms of technetium in 1,914 MTU of recycled UO3 processed in 1953-1954. While it was known that 
previously recycled uranium had been processed at the site, it was assumed at that time the levels of 
contaminants were at levels that would not have been of concern.  The quantities estimated in the DOE 
report, however, suggested this might not be the case and that further investigation of these radionuclides 
was warranted. As a result of this possibility, plutonium isotopes, neptunium-237, and technetium-99 were 
investigated as additional COIs in Phase IV of the RI. The potential release of these contaminants at the 
Former Harshaw Chemical Site is discussed below. 
 
As with thorium-230, recycled uranium contaminants would have been separated from UO3 in the brown 
plant refinery.  In fact, that was the purpose of their processing at HCC. In this purification process, 
contaminants would have gone primarily to the raffinate stream and into the sewer system and on into the 
Cuyahoga River. 
 
However, while thorium-230, another uranium contaminant expected in raffinate, was found in soils at 
various locations across the site, concerns that recycled uranium contaminants might have been similarly 
distributed are reduced. Thorium is associated with the processing of ore concentrate feeds in the refinery as 
it was originally designed using ether solvent and Niagara filtering of un-dissolved solids, which generated 
large volumes of solid wastes.  
 
Alternatively, since (1) RU feed was processed in the redesigned, continuous, refinery, which did not employ 
Niagara filtering, (2) the feed materials had far lower levels of impurities overall that would produce solid 
wastes, and (3) solid wastes that were produced were recycled through the refinery, it is expected that 
residual site contamination associated with this process would be confined to the Building G-1 complex and 
sewer lines. The greatest potential for contamination of site grounds with either RU or its contaminants 
would have been during the handling of the feed material, since once in processing, contaminants would 
have been removed in the early extraction stage and sent to the sewer, while the purified UO3 product would 
have been packaged and shipped offsite from within the Building G-1 complex. 
 
Further, the concentration of radiological contaminants in recycled UO3 feed, ranging form low-ppb levels 
for plutonium isotopes to low-ppm levels for technetium-99, would have been orders of magnitude lower 
than the level of thorium in ore concentrates, which might have been as high as percent levels (ORNL 1975). 
Thus, even if these contaminants were distributed similarly to thorium-230, their concentrations might not be 
detectable. 
 
Similarly, contaminants carried out with raffinate in the sewer system and on into the river would have been 
dissolved in the acidic raffinate. Concentrations of contaminants in raffinate would have been similar to and 
somewhat lower than in the RU feed.  Assuming feed concentrations of 300-400 g/L nitric acid, 
concentrations of RU contaminants transferred to the acidic raffinate would have been 3-4 times lower than 
their concentration in the feed.  Thus, concentrations in liquid raffinate entering the river would have been 3-
4 times lower than in feed materials.   
 
Plutonium concentrations in raffinate can be estimated from reported levels in RU measured at Hanford and 
at Oak Ridge. Both locations reported similar levels in RU shipped and received, generally 1-5 ppb. Only 
limited records of concentrations in RU sent from Hanford to Harshaw are available. Analysis of RU 
received from Harshaw at Oak Ridge recorded an average plutonium concentration of 3.2 ppb (maximum 11 
ppb) for shipments made in 1953 (1,403 MTU) and an average of 5.0 ppb ( maximum 9 ppb) for shipments 
received in 1954 (300 MTU) (Bechtel-Jacobs 2000). (Note that the MTU totals are a little less than the 1,914 
MTU reported in DOE 2003b.) Limited data available from Hanford indicate that the preponderance of RU 
UO3 shipped to all sites had ≤ 5 ppb plutonium (DOE/RL 2000) in conformance with the prevailing 10 ppb 
standard. However, analysis at Oak Ridge of some shipments cleared at Hanford had results of 13-28 ppb, 
which were tagged as exceeding the 10 ppb standard. The difference in the two assays has been attributed to 
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differences in analytical methods used at the two locations (DOE/RL 2000). As noted in Sec 2.2.1.3, an early 
shipment to Harshaw from Hanford in 1952 had 30 ppb plutonium, while Oak Ridge reported an average 
13.7 ppb (maximum 40 ppb) plutonium in UO3 received from Hanford in 1953 (Bechtel-Jacobs 2000).  
However, it is not possible to tell if these levels were representative of shipments to Harshaw, which were 
four times the quantity sent directly to Oak Ridge during the same period (DOE/RL 2000). It is clear that RU 
was sent to Harshaw to remove non-radiological contaminants and not specifically to remove plutonium to 
meet the Oak Ridge 10 ppb specification. For the purposes of the RIR, it is assumed that Hanford RU was 
run through the entire refinery process at Harshaw and that a raffinate stream was produced which would 
have contained some or most of the plutonium in the feed material. As a reasonable worst case, it could be 
assumed that the RU feed was as high as 30 ppb, with raffinate concentrations of 8-10 ppb. However, the 
estimate in DOE 2003b or the total amount of plutonium sent to Harshaw of 9 grams in 1,914 MTU of RU 
equates to an average concentration of 4.7 ppb, which is in line with typical concentrations reported at both 
Hanford and Oak Ridge and would have produced  raffinate containing 1-2 ppb plutonium. Further, since the 
RU received at Harshaw was already in the form of UO3, it is possible that it required processing though only 
the latter portion of the refinery and that a conventional raffinate stream was not produced. In this case, 
plutonium levels might have been little changed in processing at Harshaw, while most of the plutonium 
remained in the product material. 
 
Once discharged into the river, RU contaminants dissolved in raffinate at these low concentrations would 
have either stayed dissolved in the river water or would have been adsorbed by dissolved or suspended solids 
after forming complexes with available ligands in river water as raffinate was neutralized. In addition, they 
would have been diluted by orders-of-magnitude by river water and could easily have been diluted beyond 
detection. Comparing average raffinate flows of 70,200 gal/month (97 gal/hour) (Section 2.2.1.3) to typical 
Cuyahoga River flows of 1000 ft3/sec (2.7E+07 gal/hour, Figure 6-38) gives a dilution factor of 3E+05 (over 
five orders-of-magnitude). Discharged contaminants would thus have been dispersed far from the discharge 
point.  Even if the contaminants had precipitated in river water in a short distance, this process still would 
have taken place over some length of river bed and the sediments in this bed would have been highly mixed 
and diluted with other sediment or swept downstream after re-suspension in the over 50 years that have 
passed since any discharge. Residual levels in river sediments would be expected to be extremely low given 
the small quantities involved. 
 
Given the above understanding of the possible distribution of RU contaminants at the site, significant 
residual contamination was not expected.  On the other hand, since these contaminants were known to have 
been removed at HCC, this assumption required verification through sampling. A sampling program was 
designed that involved biased sampling in locations where residuals could exist based on process knowledge, 
with an effort to sample all investigation areas, and systematic sampling in IA06, with the expectation that 
results there would be negative and could be used to release the area early. Sampling was designated in sewer 
lines, river bed sediments, groundwater, and in soil samples where elevated uranium contamination had been 
previously found.  Additional background soil and groundwater samples were designated for new COIs. The 
details of this sampling are presented in Section 3.3. 
 
Potential Metal COIs 
 
In addition to thorium and radium, ore concentrates and the raffinates produced in their processing have a 
number of associated metals that might be expected to be present as residuals in locations where MED-
related radionuclides have been found on-site. The Baseline Risk Assessment for the Chemical Area of the 
Weldon Spring Site (DOE 1992) lists the major radionuclide and metal constituents of raffinate pit sludge.  
Weldon processed similar ore concentrates at about the same time as the HCC.  In addition to radium and 
thorium isotopes, the Weldon Springs table lists the following toxic metals that had maximum reported 
concentrations in excess of 1000 milligrams per kilograms (mg/kg) (0.1%): arsenic, barium, manganese, 
molybdenum, nickel, uranium, vanadium, zinc, and zirconium. These metals are partially present in Harshaw 
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site soils at variable concentrations that were estimated using data collected in Phase III to evaluate XRF 
performance.   
 
Future decision documents will scrutinize existing metals data and associated commercial operations to 
ensure MED/AEC associated ore concentrate/raffinate metal profiles can be properly correlated to process 
corridors.  Releases of metals associated with ore concentrates and refinery waste streams would have 
occurred under the same scenario described above for thorium-230 and radium-226 constituents of these 
same materials. 
 
If such releases occurred, affected site media would be expected to contain some or all of the metals reported 
in Weldon raffinate sludge, including radium and thorium residuals as described above. The relative 
abundances of the constituent metals would similarly fall within a range characteristic of raffinate solids or 
the original ore concentrates. 
 
It must be noted that HCC commercial operations also involved some of the same toxic metals as present in 
ore concentrates.  In particular, the plant was known to produce a number of products containing nickel. Any 
site contamination of toxic metals from MED/AEC operations would be scrutinized against commercial 
operations, in part through the use of ore concentrate and raffinate metal profiles, as well as collocation 
analyses.  
 
Metals contamination appears more ubiquitous on the site and not just in areas where MED ore concentrates 
were handled and raffinate solids might be located (i.e., the Building G-1 complex and rail yard).  Metals 
contamination found outside of this area is due to the multi-use nature of HCC processes (commercial and 
governmental) and the minor on-site disposal of MED-related materials, or their movement around the site. 
MED-related metals should generally be coincident with the presence of thorium and radium contamination, 
and possibly uranium. XRF metals results collected in Phase III may be used in future investigations or a FS 
to augment the site CSM and help identify whether or which site metals are included as COIs after reviewing 
other potential sources of site metals contamination.  The analytical deferment of other site metals to a FS 
phase allows inclusion of XRF and laboratory results into the waste volume/profile estimates for remediation 
and disposal. 
 
Potential Non-metal COIs 
 
Other, non-metal, toxic chemicals known to be associated with MED/AEC operations at HCC include 
kerosene and tributyl phosphate used as an extracting solvent in the redesigned refinery in the latter years of 
operation and CCl4 used in the production of UCl4 in the early years of operation. Kerosene was included as 
a COI in Phase I&II sampling. Tributyl phosphate was used in mixture with kerosene, and thus would not be 
expected to be found separately. As a co-constituent of kerosene, TBP would not have significantly altered 
the toxicity of the mixture and would have behaved similarly to other kerosene constituents in the 
environment.  According to the material safety data sheet (MSDS) (Mallinckrodt 2006), TBP is not listed as 
a known or anticipated carcinogen under the National Toxicology Program. In the environment, TBP is not 
expected to leach significantly to groundwater and biodegrades moderately in both soil and water. Since, 
therefore, any TBP residuals would be addressed in any remedy for kerosene, TBP is not considered 
separately as a COI. 
 
Carbon tetrachloride was used as process chemical in the production of UCl4 from 1942-1945. An estimated 
100 tons of UCl4 were produced, which represents about 37 tons of CCl4, or about 5,600 gal. Since CCl4 was 
a valuable process material, was used in a well-controlled process, was consumed in its use, and was not 
being used a solvent, a use which has lead to contamination from disposal of spent solvents at a number of 
industrial locations, significant site contamination at HCC is not expected. CCl4 therefore has not been added 
as a COI for the site.  
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Results of Initial IA06 Sampling 
 
Results of Phase I and II sampling in IA06 found relatively little residual contamination and indicate the area 
would likely not require remedial actions in order to release it for public use. Systematic sampling over the 
entire area would be required to confirm this conclusion. Such sampling, if results were negative, could then 
serve to support the release of the site. Early release of the area apart from the main site might be sought to 
make the land available to the public for recreational use, possibly as a bicycle path.  Systematic sampling of 
IA06 over a uniform grid carried out in Phase IV is described in Section 3.5.7.5.  
 
Results of Initial Enriched Uranium Investigations 
 
The possible presence of enriched uranium contamination at HCC was investigated in Phase I and II based 
on historical reports that small quantities of slightly enriched material were processed during early years of 
operation (e.g., 138 lbs with uranium-235 enriched by 5%) (HAR-0360, HAR-0361, HAR-0466). 
Enrichment determinations based on alpha spectrometry made in Phase I/II indicated the possible presence of 
slightly enriched uranium in site soils.  However, the results were not considered definitive because of 
uncertainties in the uranium-235:uranium-238 alpha spectrometry measurements and literature reports of 
difficulties in making determinations of slight enrichment or depletion using alpha spectrometry.  In addition, 
careful review of historical documents showed no indication that the site processed any significant quantities 
of even slightly enriched uranium, and in fact processed large quantities of slightly depleted recycled 
uranium from Hanford. The possible presence of recycled uranium further complicated the enrichment 
determination because RU could introduce the isotope uranium-236, which is combined with uranium-235 
abundance in alpha spectrometry measurements, artificially increasing apparent enrichment. 
 
Determining the presence or absence of enriched uranium at the site is important for the future management 
of potential remediation wastes and for the associated analyses in the upcoming feasibility study.  While the 
alpha spectrometry results showed the absence of any significantly enriched uranium, results around natural 
ratios of the two isotopes were not definitive. Analysis of uranium isotope ratios using mass spectrometry 
was identified as a means to address this data gap through highly accurate measurements of isotopic ratios in 
Phase IV. A summary of the Phase IV determination of uranium enrichment by mass spectrometry is 
presented in Section 9.1.2.2. 
 
Apparent Influence of Sewer Lines on Groundwater Flow 
 
A review of Phase I/II groundwater results suggests an influence on groundwater contamination by the 
presence of the site sewer system.  Such an influence might be mediated by the enhanced flow pathways 
provided by the sewer lines and surrounding bedding materials. 
 
Several groundwater wells were installed in IA03, southeast of Building G-1, to better assess process-area 
groundwater contamination transport pathways.  In addition, three wells were installed along the sewer line 
that runs from Building G-1 to the Cuyahoga River to determine if a preferential transport pathway is 
evident.  Results of sampling these wells will be reviewed when available to investigate the possible 
influence of the sewer system on groundwater flow and affected plume movement. 
 
3.2   GENERAL CHARACTERIZATION  
 
To satisfy RI Project Objective 7, general site characterization, data include stream water elevation 
measurements, source water sampling, field screening for chemical and radiological parameters, civil 
location surveys, digital field photographs, and waste sampling.  The following sections detail the methods 
and procedures used to collect these various types of general site characterization data. 
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3.2.1  Radiological Parameter Evaluations 
 
The following sections provide an overview of three data evaluations performed for radiological parameters 
and describe how these planned evaluations directed data collection activities throughout the RI.  Evaluations 
were conducted to identify evidence for the potential airborne transport of uranium contamination across the 
site, to determine isotopic uranium ratios associated with the potential presence of slightly enriched/depleted 
material, and to determine the effectiveness of radiological field screening with respect to laboratory 
analytical results.  The results of these evaluations are provided in Section 6.1.1. 
 
3.2.1.1   Airborne Uranium Contamination Transport Evaluation 
 
Near-surface soil sample results for total uranium were evaluated to determine if any correlation between the 
assumed primary source (Building G-1) and the predominant wind direction at the site was apparent due to 
historical airborne distribution.  The near-surface soil samples were collected from each surface soil sample 
location completed during Phase I of the RI in IA03, IA04, and IA06. 
 
Each near-surface soil sample consisted of one-half of the homogenized material from the 0 to 0.5 ft bgs 
sample interval.  The remaining one-half of the 0 to 0.5 ft bgs sample material was retained and combined 
with the remaining surface soil sample material collected from the same borehole (normally the 0.5 to 2 ft 
bgs interval).  This sample approach was used to prevent potential sample collection bias associated with the 
complete removal of the near-surface material from the 0 to 2 ft bgs sample. 
  
The near-surface soil samples provided radiological distribution data for the upper portion of the surface soil 
interval in the subject portions of the site.  An on-site meteorological recording station was operated from 
April through November 2003 (however, no data were recorded May 31 through June 16, 2003 due to power 
loss) to provide site-specific wind direction data to be used in this evaluation.  Site-specific data were 
collected to fully evaluate the potential effect of the site location within the Cuyahoga River valley on the 
general wind direction (as compared to more general regional data collected at higher elevations).  Results of 
the evaluation of airborne distribution of uranium from the near-surface soil samples are discussed in Section 
6.1.1.1. 
 
3.2.1.2   Enriched Uranium Evaluation 
 
Historical records indicate the HCC may have processed slightly enriched material during the period of 
MED/AEC operations.  Several documents from 1946 reference shipments of “slightly enriched” UF6 and 
UO3 to the Former Harshaw Chemical Site for disposal/processing purposes.  Another document from 1944 
references HCC research to evaluate the recovery of UF6 from spent carbon traps (potentially originating 
from uranium enrichment processes).  The historical records do not indicate the HCC processed large 
quantities of slightly enriched material (relative to the overall volume of product materials produced), but 
they do indicate the HCC uranium refining process may have been utilized for the disposal or recycling of 
slightly enriched material by adding it to the HCC feed material and thus re-processing it as part of normal 
operations.  The process of recycling slightly enriched material also is referenced in documents associated 
with other MED/AEC sites, some of which may have provided feed material to the HCC. 
 
The RI uranium dataset was evaluated to characterize uranium contamination at the Former Harshaw 
Chemical Site and to validate the original project assumption that only non-enriched (natural) uranium was 
processed at the facility.  Isotopic ratios of uranium-234, uranium-235, and uranium-238 activities were 
evaluated to determine if the RI data indicate the general presence of slightly enriched uranium at the site. 
 

Former Harshaw Chemical Site Page 3-12 
Remedial Investigation Report 
Revision 1  
December 2009 



 

Uranium-235 and uranium-238 data for on-site and off-site background soil samples were evaluated to 
determine if evidence exists to indicate the presence of enriched uranium.  A total of 137 on-site and 23 off-
site background soil samples were identified for evaluation. 
 
The soil evaluation consisted of calculating sample-specific uranium-235 and uranium-238 ratios to 
determine whether on-site isotopic uranium results were indicative of enriched uranium contamination 
sources.  The expected activity ratio between uranium-235 and uranium-238 measured in soil is 
approximately 0.046:1.  Ratios significantly greater than 0.046:1 may be indicative of enriched uranium, 
while ratios significantly less than 0.046:1 may indicate depleted material. 
 
A second component of this evaluation consisted of calculating the ratios of uranium-235 to uranium-238, 
and uranium-234 to uranium-238 using 195 RI soil samples analyzed by alpha spectroscopy.  The uranium-
235 to uranium-238 ratios (134 results) were evaluated on a sample-specific basis and also were compared to 
the gamma spectroscopy dataset.  The uranium-234 to uranium-238 ratios (183 results) were evaluated to 
determine consistency with the expected isotopic ratio of approximately 1.  Individual sample ratio values 
were calculated as were the average and range of ratios for all samples with measurable ratios for evaluating 
uranium enrichment across the site.  The results of the uranium enrichment/depletion evaluations are 
presented in Section 6.1.1.2. 
 
Because any deviations from natural ratios of uranium isotopes were expected to be slight and because such 
slight differences are difficult to discern from measurements made by alpha or gamma spectroscopy, 
additional isotope ratio measurements were made during Phase IV using ICP-MS. This method is capable of 
making very precise measurements of isotopic ratios and is much less susceptible to interference from other 
sample constituents than is either alpha spectrometry or gamma spectrometry. In addition, ICP-MS can make 
measurements of all uranium isotopes in a single analysis. 
 
A total of 30 site soils and 17 site groundwater samples were analyzed for uranium isotopes by ICP-MS in 
Phase IV. Ten soil and four groundwater background samples were also analyzed. Isotope concentrations in 
unfiltered groundwater were determined so as to include both dissolved and particulate phases. 
 
ICP-MS analysis allows the determination of both uranium-234 to uranium-238 and uranium-235 to 
uranium-238 ratios in a single sample. Ratios are based on mass and must be converted to activity to 
compute activity ratios.  Uranium-233 and uranium-236 abundances are also determined and may be used in 
interpreting deviations from normal isotope ratios and for identifying the presence of recycled uranium, 
which may contain uranium-236. 
 
3.2.1.3   Radiological Soil Screening Correlation 
 
A radiological soil screening correlation study was conducted during the RI to evaluate the effectiveness of 
radiological field screening with respect to laboratory analytical results and its use during potential future 
remedial activities at the site.   
 
Static gamma radiation activity measurements were collected to evaluate field screening and on-site BEGe 
laboratory analytical data for uranium-238 and thorium-232 and additional off-site laboratory alpha 
spectroscopy results for total uranium (calculated using the formula provided in Section 6.0).  Field screening 
measurements were collected from 16 soil samples based on on-site BEGe laboratory results.  The samples 
were chosen to be representative of the following sample conditions: 
 
• Elevated uranium-238, ranging from 10 to 550 picocurie per gram pCi/g (12 samples); 
• Elevated thorium-232, ranging from 16 to 165 pCi/g (3 samples); and 
• Background (1 sample). 

Former Harshaw Chemical Site Page 3-13 
Remedial Investigation Report 
Revision 1  
December 2009 



 

 
Two static measurements were recorded for each sample, one using a mini-Field Instrument for the Detection 
of Low Energy Radiation (FIDLER), and another using a standard Ludlum 44-10 Sodium Iodide (NaI) 2-
inch by 2-inch detector.  For each measurement, the detector was suspended 4 inches above the surface of the 
sample container to simulate the distance of the detector from the surface of the ground during a typical 
gamma walk-over survey.  All soil samples were held in plastic sample containers to ensure a consistent 
geometry for all measurements.   
 
These static measurements and associated on-site BEGe laboratory data were assembled and evaluated to 
identify the effectiveness of the field screening methods.  Results of this evaluation are presented in Section 
6.1.1.3. 
 
To address this potential radon-222 loss, samples are commonly held for several days to a few weeks prior to 
analysis to allow for a re-establishment of equilibrium between radium-226 and radon-222.  This ensures the 
reported concentration for radium-226 (which is obtained from counting the gamma rays emitted by bismuth-
214, a daughter product of radon-222) is accurate and not low.  This is generally not a major concern, as 
equilibrium conditions are re-established in accordance with the half-life of radon-222.  Waiting one week 
will allow for in-growth of about 70% of the lost radon-222.  Waiting only a few days will result in an 
underestimate of the radium-226 concentration by about 10 to 20%.  To address this concern, a total of 15 
samples that were previously analyzed in the on-site BEGe laboratory were sent for off-site analyses at the 
General Engineering Laboratories, Incorporated (GEL).  These samples were chosen to represent a range of 
reported radium-226 values, from less than 1 pCi/g up to 19 pCi/g.  The bismuth-214 concentrations were 
measured in these soil samples using gamma spectroscopy at an off-site laboratory (GEL), and compared to 
the concentrations of radium-226 originally reported by the on-site BEGe laboratory.  A discussion of this 
comparison is found in Section 9.1.2.5. 
 
3.2.1.4   Radium-226 Re-Analysis 
 
The initial conceptual site model for the project focused on uranium as the main COI at the site, and 
therefore the on-site gamma spectroscopy (BEGe) laboratory procedures were designed to focus on uranium 
and to provide a near-real time turnaround as a field laboratory.  After the RI Phase I sampling, other COIs 
were identified, including radium-226.  At that time, the question arose as to whether the on-site BEGe 
laboratory was also producing adequate data for other COIs such as radium-226.  There was some 
uncertainty as to whether the soil samples were being held long enough after sample preparation to allow for 
adequate in-growth of radon-222 decay products (e.g., bismuth-214) to be able to accurately measure soil 
concentrations of the parent isotope radium-226.   
 
In soil, about 20% of the radon-222 gas produced by radium-226 decay escapes the soil particles and reaches 
the interstitial spaces.  These radon-222 atoms are able to migrate within the soil matrix until they decay to 
polonium-218, a solid (radon-222 has a half-life of 3.8 days).  This factor of 20% is termed the “emanation 
coefficient” for radon-222 gas, and is highly variable depending on the specific properties of the site 
including the soil type, particle size, and moisture content.  The remaining 80% of the radon-222 atoms 
remain within the soil particles until they decay to polonium-218.  When a soil sample is taken and 
processed, the radon-222 present in the interstitial spaces could be released.  Specifically, the sample 
preparation methods for the BEGe laboratory could promote radon-222 loss from the sample, as the samples 
were oven-dried for several hours, rocks/debris removed, and the soil processed to a relatively consistent 
granular material (chunks pounded down) prior to transfer and sealing in the BEGe sample container 
(Marinelli).  The typical analytical turn-around time was 24-36 hours, with the average pre-analysis 
residence time in the Marinelli approximately 12-16 hours.   
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To address this potential radon-222 loss, samples are commonly held for several days to a few weeks prior to 
analysis to allow for a re-establishment of equilibrium between radium-226 and radon-222.  This ensures the 
reported concentration for radium-226 (which is obtained from counting the gamma rays emitted by bismuth-
214, a daughter product of radon-222) is accurate and not low.  This is generally not a major concern, as 
equilibrium conditions are re-established in accordance with the half-life of radon-222.  Waiting one week 
will allow for in-growth of about 70% of the lost radon-222.  Waiting only a few days will result in an 
underestimate of the radium-226 concentration by about 10 to 20%.  To address this concern, a total of 15 
samples that were previously analyzed in the on-site BEGe laboratory were sent for off-site analyses at 
GEL.  These samples were chosen to represent a range of reported radium-226 values, from less than 1 pCi/g 
up to 19 pCi/g.  The bismuth-214 concentrations were measured in these soil samples using gamma 
spectroscopy at GEL, and compared to the concentrations of radium-226 originally reported by the on-site 
BEGe laboratory.  A discussion of this comparison is found in Section 6.1.1.4. 
 
3.2.2  Site Clearing Activities 
 
Site clearing activities were performed during the NIFW phase to accommodate personnel and equipment for 
non-intrusive data collection activities.   
 
Vegetation and obstructions in applicable areas were cleared for access to perform the non-intrusive 
geophysical and gamma walkover surveys (GWS) within the necessary equipment sensitivity tolerances.  
Overgrown portions of IA03, IA04, IA05, IA06, and IA07 were cleared.  Site clearing was performed by 
work crews equipped with vehicle-mounted mowing equipment, shredding equipment, portable chainsaws, 
portable string trimmers, and hand tools as necessary to clear any undergrowth.  The following activities 
were conducted: 
 
• Mowing of undergrowth over entire area to allow ease of access for non-intrusive and intrusive 

characterization; 
• Trim mowing of areas within the gridded geophysical and gamma walkover survey transects to 

equipment sensitivity tolerances; 
• Removal of low lying branches of mature trees that would impede equipment and personnel access. 
• Shredding of small diameter shrubs and branches; 
• Sawing of previously downed trees into manageable portions to allow for equipment access; and 
• Shredded and sawed material was dispersed and spread back onto the areas minimizing the mounding of 

material. 
 
Field Photographs 2 through 10 show various site clearing stages during the RI, including both pre-clearing 
and post-clearing conditions.  No data were generated by field clearing activities; therefore, they are not 
discussed further in Section 6. 
 
3.2.3  Stream Water Elevation Data 
 
Staff gauge installations were completed during the Phase II RI to provide site-specific surface water level 
elevation data for both the Cuyahoga River and Big Creek to be used in groundwater modeling.   
 
Four staff gauges were installed during the RI: one in Big Creek and three in the Cuyahoga River.  Figure 2-
10 shows the locations of the four staff gauges.  Reference points on each staff gauge were surveyed to 
determine reference elevations (ft amsl); these elevations were directly compared against the measured 
groundwater elevations at the site.  Stream water level measurements were collected during three separate 
events concurrent with groundwater level measurement events in Phase II of the RI.  Stream water levels 
were measured during three of the groundwater level measurement events conducted after Phase 2 to 
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evaluate the stream flow effects on groundwater flow at the site.  Section 6.1.2 presents all surface water 
elevations recorded during each measuring event. 
 
3.2.4  Source Water Field Blanks 
 
Source water field blank samples were collected to characterize each non-potable water source used during 
equipment decontamination and general site activities.  On-site non-potable water storage included two new 
250-gallon polyethylene tanks and a third water tank provided by the drilling subcontractor.  The water was 
obtained, by permit, from a fire hydrant located at the site entrance at Harvard Avenue.     
Two source water field blank samples were collected: one sample from one of the 250-gallon polyethylene 
tanks, and one sample from the drilling subcontractor’s decontamination water tank.  Source water blank 
samples were submitted to the off-site laboratory for analysis of total and filtered metals, COI radionuclides, 
polycyclic aromatic hydrocarbons (PAHs), and kerosene (total petroleum hydrocarbons-diesel range organics 
[TPH-DRO]).  Section 6.1.3 presents the analytical results for all source water samples collected during the 
RI. 
 
3.2.5  Civil Location Surveys 
 
Civil location surveys were conducted to obtain coordinate data for applicable site features using both total 
station and GPS survey methods.   
 
Total station civil location surveys were conducted during the NIFW phase of the RI to establish control 
points for geophysical and gamma walkover surveys.  These points were later used to further refine the site 
surface topography in the site geologic model (see Figure 2-6).  Total station civil location surveys also were 
conducted to measure ground surface elevations and top of casing (TOC) elevations for the following site 
features: 
 
• Existing pre-RI monitoring wells; 
• RI monitoring wells; 
• RI temporary piezometers; and 
• RI temporary well points. 
 
A total station survey was completed to establish reference elevations for each of the four stream staff gauges 
installed during the RI and described in Section 3.2.3. 
 
A portable sub-meter accurate Trimble XRS-PRO GPS unit was used extensively during the RI with 
differential methods to locate planned data collection points in the field (soil borings, hand augers, 
monitoring wells, etc.) and to confirm as-built location coordinates for completed sample locations and 
miscellaneous site features.  Land-surface or site feature elevation data were not collected with the GPS unit.  
Field Photographs 11 and 12 show civil location surveys being conducted during the RI. 
 
All civil survey data generated during the RI using total station and GPS survey methods are referenced in 
Ohio State Plane (North Zone), North American Datum (NAD) 1983 (ft).  All elevation data generated using 
the total station method are referenced in the National Geodetic Vertical Datum (NGVD) 1929 (ft amsl). 
 
3.2.6  Field Photographs 
 
Numerous digital field photographs were taken to document field activities and notable site conditions.  Field 
photographs were collected in accordance with methods and procedures outlined in the RI SAP (SAIC 

Former Harshaw Chemical Site Page 3-16 
Remedial Investigation Report 
Revision 1  
December 2009 



 

2003b), Phase II SAP Addendum (SAIC 2004), Thorium Data Gap SAP Addendum (SAIC 2006b), and 
Phase IV QAPP (SAIC 2007b).  
 
Field photographs were taken daily to document field operations, including all sample locations.  Field 
photographs were taken by each field sampling/survey team using a digital camera; each photograph was 
recorded in a photograph log.  Digital photographs were downloaded from each camera daily for electronic 
backup and storage. 
 
Approximately 1,200 digital photographs were taken during the RI and are indexed and maintained as part of 
the project file.  Field photographs were also taken using standard disposable cameras during the NIFW 
phase of the RI and were later digitally scanned and managed in the same manner as the digital photographs.  
Representative photographs of field data collection activities and notable site features are presented in the 
field photographs section, and are referenced throughout this RIR. 
 
3.2.7  Field Screening 
 
The following sections describe the field screening methods used to characterize the site.  Field screening 
activities generally provided qualitative data associated with site radiological/chemical conditions and 
worker safety monitoring during field activities.  All worker safety monitoring activities were conducted 
according to the requirements of the RI SSHP and RPP. 
 
3.2.7.1   Ambient Air Sampling 
 
Worker safety was monitored using personal lapel air samplers worn during intrusive sampling activities, per 
the requirements of the SSHP and RPP.  Ambient air samples representative of the air near the site 
boundaries were not collected, as discussed in Appendix 1E. 
 
3.2.7.2   Chemical Parameters 
 
Field screening for chemical parameters was conducted during Phase I and Phase II of the RI to monitor 
worker safety and to identify unanticipated site conditions during project planning.  No quantitative data 
were generated directly from chemical field screening activities; therefore they are not discussed further in 
Section 6. 
 
3.2.7.2.1   Chemical Soil Core Screening 
 
Organic vapor monitoring was conducted during intrusive activities using a portable photo ionization 
detector (PID) in accordance with the SSHP.  In addition to required breathing zone monitoring, all soil cores 
were surveyed immediately after the acetate liner or split spoon was opened.  The tip of the PID was moved 
slowly along the length of the core to detect the presence of organic vapors in the soil.  All soil core 
screening measurements were recorded on field soil boring logs (Appendix 1B). 
 
3.2.7.2.2   Borehole Screening 
 
Field screening for combustible gases and oxygen was conducted during Phase I and Phase II of the RI using 
a multi-gas combustible gas indicator (CGI) unit.  Monitoring of the breathing zone directly over the open 
borehole was completed by placing the CGI unit at the rear of each drill rig.  Any CGI readings above/below 
the ALs identified in the SSHP were recorded in field logbooks and appropriate safety precautions were 
taken. 
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Methane gas emissions from temporary piezometers IA04-TP0002 and IA04-TP0005 were measured by the 
CGI during temporary piezometer installation activities discussed in Section 3.7.3.4. 
 
3.2.7.3   Radiological Parameters 
 
Field screening for radiological parameters was conducted during the RI to identify/evaluate potential areas 
of elevated radiological contamination and to ensure worker safety.     
 
3.2.7.3.1   Radiological Soil Core Screening 
 
Soil core screening was conducted during Phase I and Phase II of the RI at each soil boring/hand auger 
location to detect areas/intervals of elevated radiological activity and to focus sample collection on 
potentially impacted areas or intervals.  Field screening was performed using a portable Ludlum Model 2221 
ratemeter and a Model 44-9 pancake probe (15 square centimeters (cm2) Geiger-Mueller beta/gamma 
detector) according to the direct scan procedures described in the RPP (SAIC 2003d).  Scanning was 
performed at a rate of 1.5 inches/second.  The Ludlum 44-9 probe scan minimum detectable concentration 
(MDC) for total uranium was 17,290 disintegrations per minute (dpm)/100cm2 (243 pCi/g) for a 100 cpm 
background and contribution from naturally-occurring beta emitters in soil, as calculated in the RI SAP 
(SAIC 2003b). 
 
For each soil boring location, the entire length of each soil core was scanned prior to soil homogenization 
and sample collection/containerization.  Field Photograph 13 shows radiological technicians performing field 
screening of a soil core.  At hand auger locations, the scan was performed immediately upon transfer of soil 
from the auger into a stainless steel bowl (since a competent soil core is not collected using this method).  All 
soil core screening measurements were recorded on field soil boring logs (Appendix 1B).  No quantitative 
data were generated from the radiological soil core screening activities; therefore, they are not discussed 
further in Section 6. 
 
3.2.7.3.2   Downhole Gamma Logging 
 
Downhole gamma logging was conducted during Phase I of the RI to evaluate the effectiveness of this 
method to provide additional qualitative data to support the definition of the vertical and lateral extent of 
radiological contamination zones. 
 
Downhole gamma logging was performed using a shielded NaI 1-inch by 1-inch detector configured with a 
data logger and automated cable winch system.  Upon soil boring completion, a 2-inch diameter bottom-
capped PVC pipe was installed in the open borehole to the maximum depth.  The probe was lowered down 
the boreholes and collected continuous measurements.  Gamma logging activities were conducted only inside 
the PVC pipe to prevent potential radiological contamination of the logging equipment.  The Downhole 
gamma logger is illustrated in Field Photograph 14.  Downhole gamma logging was performed on 94 soil 
borings during the Phase I RI.  Gamma logging was conducted only in boreholes where the protective PVC 
casing could be installed to a sufficient depth. 
 
The resulting gamma log data were compared to on-site BEGe laboratory soil sample data to evaluate 
potential correlations with subsequent laboratory analytical results.  In addition to identifying contamination, 
downhole gamma logging was used to identify changes in gamma activities associated with other subsurface 
features such as variations in soil types.  The logging was also conducted in selected background borings to 
provide a natural gamma profile in soil types similar to those present on-site.  Section 6.1.4 presents the 
results of the downhole gamma logging activities and a discussion of the associated evaluation. 
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3.2.7.3.3   XRF Analysis 
 
XRF analysis was performed on all soil samples collected during the Phase III of the RIR in order to evaluate 
the appropriateness and value of using XRF as a field screening tool during potential future site remediation 
work.  The analysis was performed in accordance with the site-specific Standard Operation Procedure (SOP) 
for XRF Analysis of Soils included as Appendix 1B of this report.   
 
The XRF instrument used for all analyses was manufactured by (and rented from) Innov-X Systems, 
Incorporated of Woburn, MA.  The instrument was a model Alpha-6500R (serial number 6018) with a 
Moxtek tantallium X-ray tube (serial number 7963-1091).  The system included a Pocket PC computer that 
docked directly into the instrument (in portable mode) or into a test stand (in fixed configuration). 
 
The XRF unit generates x-rays from an internal electrically excited x-ray tube.  These x-rays produce 
excitation within the target (sample) atoms.  As electrons attempt to stabilize as a result of the excitation, an 
x-ray is emitted (fluorescence) that is characteristic of a particular atom.  These characteristic emissions can 
then be detected, amplified, converted to electronic pulses, and assigned to a particular element through multi 
channel analysis and the instrument software. 
 
Results were stored and reported for approximately 40 metals, including uranium and molybdenum, which 
were the two main metals of interest for this investigation.  The field results were reported in parts per 
million (ppm) of the applicable metal in the soil. 
 
3.2.8  Geochemical Sampling 
 
Geochemical analyses were performed on soil, groundwater, and surface water samples collected during 
Phase II of the RI.  Characterization data were collected for site groundwater modeling and fate and transport 
evaluations.   
 
One geochemical soil sample was collected from each of three Phase II RI temporary piezometer soil 
borings.  These locations were selected to provide soil samples representative of unconsolidated material in 
the vicinity of Building G-1 (the only area with previous data indicating the presence of uranium 
groundwater contamination). 
 
The geochemical soil samples were submitted to the off-site laboratory for analysis of partition coefficient 
(Kd) (American Society for Testing and Materials [ASTM] 4646.03).  The Kd analyses were conducted using 
groundwater samples collected from on-site wells to provide the most representative site-specific results.  
Groundwater sample locations were selected to represent the range of magnitude of total uranium 
concentrations identified during previous sampling (i.e., approximately 10, 100, and 1,000 micrograms per 
liter [µg/L] total uranium).  Table 3-2 presents a summary of the Kd soil/groundwater sample associations 
and the total uranium concentrations associated with each groundwater sample.  Due to the relatively large 
groundwater sample volume required to complete the Kd analyses, it was not possible to collect a sample of 
sufficient volume with an actual concentration near 1,000 µg/L from the site.  Groundwater for this sample 
was subsequently collected from a different location with a near-background total uranium concentration and 
was spiked by the off-site laboratory to achieve a targeted concentration of approximately 1,000 µg/L in the 
laboratory prior to running the Kd analysis. 
 
Groundwater samples designated for geochemical analysis were collected from a combination of on-site 
wells and off-site background wells to provide samples representative of groundwater conditions both on-site 
and off-site.  The following seven existing pre-RI monitoring wells, two RI monitoring wells, two RI 
background monitoring wells, and one temporary piezometer: 
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• BKA-48; 
• BKA-53; 
• RMW-35; 
• RMW-38; 
• DM-26; 
• DM-27R; 
• DM-30R; 
• IA10-MW0002; 
• IA10-MW0004; 
• BKG-MW0004; 
• BKG-MW0005; and 
• IA04-TP0004. 
 
Groundwater samples collected from the above wells were submitted for geochemical analysis of the 
following parameters: 
 
• Total dissolved solids (TDS) (USEPA 160.1); 
• Total suspended solids (TSS) (USEPA 160.2); 
• Major Anions - CO3

-2, HCO3
-, SO4

-2, Cl-, F-, (USEPA 300 series); 
• Target Analyte Lists (TAL) metals (SW-846 multiple methods); and 
• Alkalinity (USEPA 310.1). 
 
Two surface water samples were collected for geochemical analysis of the parameters listed above to 
characterize surface water chemistry and potential similarities associated with interactions with site 
groundwater.  One sample was collected from Big Creek near the southwest corner of IA05 and the second 
from the Cuyahoga River at Harvard Avenue.  Samples were collected during normal baseflow conditions 
(as represented by daily mean flow data monitored at the USGS gauging station 3 miles upstream in 
Independence, Ohio) to ensure samples were representative of normal surface water conditions.  Section 
6.1.5 presents the analytical results for all geochemical samples collected during the RI. 
 
3.2.9  Geotechnical Sampling 
 
Disturbed and undisturbed soil samples were collected to characterize the geotechnical properties of three 
distinct subsurface soil units present at the site.  Sample locations were collocated with the geochemical soil 
samples discussed previously and were selected to provide data representative of saturated zone soil 
conditions in the vicinity of Building G-1 and associated groundwater uranium contamination.  These 
samples were collected to support groundwater modeling, fate and transport evaluations, and potential future 
remedial design. 
 
Three soil samples were collected for geotechnical analysis during Phase II from soil borings completed for 
the following temporary piezometers shown on Figure 2-9: 
 
• IA03-TP0001; 
• IA04-TP0002; and 
• IA04-TP0005. 
 
Geotechnical soil samples were submitted for laboratory analysis of the following parameters: 
 
• Grain Size (ASTM D 442); 
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• Moisture Content (ASTM D 2216); 
• Bulk Density (ASTM D 5057); 
• Total Organic Carbon (Walkley-Black); 
• Permeability (horizontal and vertical) (ASTM D 5084/2434); and 
• Porosity (USACE EM 1110-2-1906 App II). 
 
The vertical permeability and porosity analyses were performed on undisturbed soil from Shelby tubes.  The 
other parameters were analyzed from soil composited into glass jars or five-gallon buckets (horizontal 
permeability).  The analytical results for all geotechnical soil samples collected during the RI are 
summarized in Section 6.1.6. 
 
3.2.10  Meteorological Data 
 
Site-specific meteorological data were collected during Phase I of the RI to support potential future ambient 
air monitoring, and to provide data on the prevailing wind direction at the site.  The prevailing wind direction 
information was added to the RI data collection program to evaluate airborne uranium contamination 
transport, discussed in Section 3.2.1.1.   
 
Data were collected from an on-site meteorological station located adjacent to the project field trailers to 
determine if the prevailing wind direction within the Cuyahoga River valley differed from the regional west-
southwest winds measured at higher elevations outside of the valley.   
 
Data were collected from April through November 2003 (however, no data were recorded May 31 through 
June 16, 2003 due to data logger power loss) at hourly intervals and included the following meteorological 
parameters: 
 
• Wind speed (average); 
• Wind direction (average); 
• Temperature (average); and  
• Total rainfall. 
 
Results of meteorological data collection activities are presented in Section 6.1.7. 
 
3.3   BACKGROUND SAMPLING ACTIVITIES 
 
The following sections discuss background sampling activities conducted during the RI.  Background 
sampling for the following environmental media was conducted during Phases I, II, and IV of the RI: 
 
• Soil; 
• Sediment and surface water; and 
• Groundwater. 
 
Section 6.2 presents the analytical results for all environmental media background samples collected during 
the RI.  The statistical methods used to calculate site-specific background values are described in Section 8.  
A summary of calculated site-specific background values is presented in Table 5-1. 
 
3.3.1  Phase I and II Soil 
 
Background soil samples were collected during Phase I of the RI from both natural and industrial 
background locations.  Natural background soil samples were collected approximately 1.5 miles southeast of 
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the site on Cleveland Metroparks’ property (Figure 3-1).  The natural background location is directly 
adjacent to the Cuyahoga River in a setting similar to the undeveloped portions of the Former Harshaw 
Chemical Site (IA06 and southern IA07).  Historical information provided by the Cleveland Metroparks 
indicates the natural background location was never developed or used in any type of industrial capacity.  
The property is currently used as recreational park land and includes an asphalt hike/bike trail around the 
periphery.  Natural background soil boring locations are shown on Figure 3-1. 
 
A total of 36 samples were collected from 12 soil borings at the natural background location.  Surface soil 
samples were collected from the 0 to 0.5 ft bgs and 0 to 2 ft bgs depth intervals.  Subsurface soil sample 
intervals (2 ft composites) were varied between 2 and 10 ft bgs to provide full characterization of the entire 
subsurface soil interval in accordance with the requirements of the RI BRA.  Background soil sampling at the 
Cleveland Metroparks locations is illustrated in Field Photograph 15. 
 
Industrial background soil samples were collected from five developed locations adjacent to the Former 
Harshaw Chemical Site along Jennings Road (north of Big Creek).  The five locations consisted of privately-
owned commercial properties, and were selected to provide a background dataset representative of the 
overall industrial nature of the area.  Industrial background soil boring locations are shown on Figure 3-1. 
 
A total of 45 samples were collected from 15 soil borings at the industrial background locations.  The same 
sample depth interval approach applied to natural background sampling was used at the industrial 
background sample locations.  Due to a limited number of candidate industrial background properties, and 
the time required to obtain the necessary right-of-entry agreements with property owners, three soil borings 
were sampled at each of the five industrial background locations.  This sampling provided a sufficient 
amount of data for the risk assessment to characterize industrial background soil independently from the 
natural background soil data if needed. 
 
All background soil samples were submitted for laboratory analysis of Phase I and Phase II COI metals, 
kerosene (TPH-DRO), COI radionuclides, and PAHs.  The inclusion of PAHs was designed to help quantify 
potential impacts resulting from the general industrial environment present in the vicinity of the Former 
Harshaw Chemical Site.  The occurrence of PAHs in industrial settings is quite common, with multiple 
sources including asphalt pavement, vehicle exhaust, creosote on railroad ties and utility poles, and general 
combustion of fossil fuels and organic materials.  Three of the soil borings were located within 2 ft of an 
asphalt-paved multi-purpose trail that surrounds the park parcel to ensure the potential effects of asphalt 
pavement were addressed at the natural background soil Metroparks location. 
 
3.3.2  Phase IV Soil 
 
During Phase IV soil samples were collected from the Cleveland Metroparks natural background property 
utilized during Phase I of the RI.  Previous background sampling for the RI did not include analysis for 
radionuclides associated with recycled uranium processing.  Therefore, Phase IV soil analytical parameters 
for background samples included the following: 
 
• Technetium-99, gross alpha/gross beta, isotopic uranium (via alpha spectroscopy and ICP-MS), 
• Isotopic plutonium by alpha spectroscopy; 
• Gamma spectroscopy (Radium-226, Radium-228, Cesium-137, Neptunium-237, Americium-241, 

Actinium-227, Europium-152, Europium-154, and Protactinium-231); and 
• Isotopic thorium (if no previous analysis was performed). 
 
Because original background samples were discarded after the initial two phases, a new subset of 
background samples were collected as part of this phase to allow the calculation of natural background 
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values for the parameters listed above.  A total of five original background soil sample locations were 
selected in the Cleveland Metroparks property.  The following background locations were re-sampled: 
 
• BKG-SB0028; 
• BKG-SB0029; 
• BKG-SB0030; 
• BKG-SB0031; and  
• BKG-SB0032.   
 
From those locations, soil samples were collected using a hand auger from the 0-0.5 ft bgs and the 0.5-2 ft 
bgs intervals.  A total of eleven background samples (two samples per location and one field duplicate) were 
collected for analysis.  
 
3.3.3  Sediment and Surface Water 
 
Collocated background sediment and surface water samples were collected during Phase I of the RI from the 
Cuyahoga River and Big Creek, upstream of the Former Harshaw Chemical Site.  Sample locations were 
selected based on accessibility and position upstream of the site to provide a dataset representative of surface 
water and sediment conditions not impacted by potential releases from the site. 
 
A total of 12 collocated background surface water samples and 12 background sediment samples were 
collected during Phase I.  All sediment and surface water samples were submitted for laboratory analysis of 
COI metals, kerosene (TPH-DRO), and COI radionuclides.  Three of the background surface water samples 
from locations BKG-SW0001, BKG-SW0002, and BKG-SW0003 were also analyzed for PAHs, although 
analysis of PAHs in surface water was not originally planned.  All background surface water and sediment 
sample locations are shown on Figure 3-2. 
 
3.3.4  Groundwater 
 
Background groundwater samples were collected from each of the five background monitoring wells 
installed during Phase I of the RI.  These wells are located adjacent to the site along Jennings Road at the 
same locations used for the industrial soil background sampling.  Figure 2-9 shows the location of the five 
background monitoring wells.  Field Photographs 16 and 17 show the installation and surface completion of 
background monitoring wells. 
 
One sample was collected from each background well during two sampling events (one round in Phase I and 
one round in Phase II) for a total of 10 samples.  All background groundwater samples were submitted during 
Phase I for laboratory analysis of Phase I and Phase II COI metals, kerosene (TPH-DRO), and COI 
radionuclides, and in Phase II for COI radionuclides only. 
 
Additionally, four of the five background monitoring wells were re-sampled during Phase IV of the RI in 
effort to obtain a complete dataset for determining if there was a release of recycled uranium.  Due to real 
estate/right of entry, one background well, previously installed for analysis, is no longer available.  From 
each of the four remaining wells, one sample was collected, resulting in a total of four new background 
samples.  These samples were then submitted to the laboratory and analyzed for potential recycled uranium 
related contaminants. 
 
3.4   BUILDING CHARACTERIZATION 
 
The RI building characterization effort for IA01 and IA02 included collecting volumetric building material 
samples and performing radiation surveys on building surfaces, including reference measurements.    
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3.4.1  Building Characterization Data Collection and Material Sampling Methods 
 
The following sections describe the data collection and sampling methods associated with the RI building 
characterization for IA01 and IA02. 
 
3.4.1.1   Building Material Sampling Methods 
 
Building material samples were collected during Phase I and Phase II of the RI (Figures 3-3 to 3-5) to 
characterize different building media, and to provide data to support planning for potential future demolition 
and/or disposal options.     
 
The following types of building material samples were collected from site buildings during the RI: 
 
• Floors (concrete, Building G-1 only); 
• Walls (brick); 
• Roofing materials; 
• Window sills (concrete/stone) ; and 
• Floor drain sediment (Building G-1 only). 
 
All Phase I and Phase II building material samples were submitted for laboratory analysis of COI 
radionuclides.  A subset of Building G-1 samples from the roof, brick, floor, and walls was also analyzed for 
waste characterization parameters based on the Waste Acceptance Criteria (WAC) included in the RI SAP 
(SAIC 2003b).  The waste characterization parameters for these selected building material samples included 
the following: 
 
• Toxicity Characteristics Leaching Potential (TCLP) volatile organic compounds (VOCs); 
• TCLP semi-volatile organic compounds (SVOCs); 
• TCLP metals; 
• TCLP pesticides/herbicides; 
• Ignitability; 
• Corrosivity; and 
• Reactivity. 
 
Additional samples at various locations at Building G-1 (IA01) and the Foundry and Warehouse (IA02) were 
collected for informational and investigative planning purposes only (Figure 3-6).  These samples were 
analyzed by the on-site BEGe laboratory only.   
 
Concrete floor samples from Building G-1 were collected using a portable coring machine.  Ground floor 
samples were collected from Geoprobe soil boring locations to minimize the need for additional cores.  
Upper floor coring was conducted for the collection of floor samples only.  Core samples were shipped “as-
is” for off-site analyses without further on-site processing, and were subsequently crushed and powderized 
by the off-site analytical laboratory. 
 
Brick wall and concrete/stone window sill samples were collected using a portable percussion drill.  Since 
radiological contamination typically does not penetrate deeply into these materials, the required sample 
volume was obtained by scraping a thin layer of material from an area several inches wide.  As with the 
concrete core samples, the off-site laboratory conducted any additional sample processing required to 
complete the requested analyses. 
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Roofing material samples were collected by cutting away a section of material approximately 1 ft2.  Once 
removed, the material was cut into smaller pieces for shipment and subsequent processing and analysis by 
the off-site laboratory.  Since some roofing material samples were collected from active buildings, each 
sample cut was repaired and sealed using commercial roofing supplies. 
 
Field Photographs 18 through 27 show general building material sample collection locations and activities.  
Section 6.3 presents the analytical results for all building material samples collected during the RI. 
 
3.4.1.2   Building Radiation Survey Methods 
 
Building radiation surveys were conducted during Phase I and II of the RI to provide sufficient data for the 
building risk assessment, and to support potential future remedial actions such as demolition, 
decontamination, and/or final status surveys.     
 
RI radiation surveys were completed at buildings where past investigations previously identified radiological 
impacts; these surveys were completed to confirm the previous results.  For buildings with no historical 
characterization survey data available, or where past surveys did not adequately characterize conditions, RI 
surveys were conducted to sufficiently characterize the building media.  Portions of the buildings previously 
released by the NRC per the NRC Regulatory Guide 1.86 following historical surveys were not included in 
the RI radiation surveys.  These portions of the buildings received NRC release for unrestricted use based on 
activities conducted under the US Nuclear Regulatory Commission Regulation (NUREG) Draft 
NUREG/CR-5849.  The release guidelines were obtained from the NRC’s Guidelines for Decontamination 
of Facilities and Equipment Prior to Release for Unrestricted Use or Termination of Licenses for Byproduct, 
Source or Special Nuclear Material (NRC 1987).  Previously released portions of the buildings are discussed 
by individual buildings below. 
 
The following general types of data were collected for each site building during the IA01 and IA02 building 
radiation surveys to meet data collection rationale goals: 
 
• Fixed-point alpha/beta activity measurements; 
• Removable alpha/beta activity measurements; 
• Scan beta surveys; and 
• Dose rate gamma measurements. 
 
Building surveys were conducted based on a system of Master Units with multiple component Survey Units.  
Building surface surveys were conducted on individual Survey Units consisting of contiguous sections of 
representative surfaces (e.g., walls, floors, roof material).  The Master and component Survey Units divided 
the data into manageable sets and established a grid coordinate system to guide survey activities for the 
various surfaces within each Survey Unit.  Each grid consisted of a two-dimensional (X,Y) axis, anchored to 
a point of origin.  On a vertical surface, the point of origin was located at the lower left corner of the Survey 
Unit.  On a horizontal surface, the point of origin was located at the southwest corner of the Survey Unit.  
The (X, Y) distance from the point of origin roughly identifies each fixed-point location.  For example, the 
notation (4, 8) represents 4 meters (m) to the right and 8 m above the point of origin.  Normally, grid 
measurements proceeded horizontally beginning at the ground level, then again at 1 m, again at 3 m, and so 
forth.  Grid density was higher on the ground level to account for the increased likelihood of contamination 
on the working level of the former process facilities. 
 
Sequential survey locations were recorded on a survey diagram where a grid system was not practical (e.g., 
the Warehouse Laboratories and Offices and building window sills).  Miscellaneous Survey Units were 
designated by the Radiation Protection Manager (RPM) based on field observations and professional judgment.  
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For example, an exhaust vent on the Warehouse roof exceeded the fixed-point beta screening level (Section 
6.3.3.2.3); to avoid biasing the mean activity of the entire roof Survey Unit, the exhaust vent was designated 
as an individual Survey Unit. 
 
Because the Former Harshaw Chemical Site is in the characterization phase, site-specific dose-based 
screening limits for radiological contamination had not yet been established for the field investigation.  In the 
absence of site-specific limits, NRC Regulatory Guide 1.86 average values for natural uranium were used for 
surface alpha activity screening levels including 1,000 dpm/100 cm2 for removable alpha activity, and 
5,000 dpm/100 cm2 for total alpha activity.  Similarly, the beta activity limits were 1,000 dpm/100 cm2 for 
removable beta activity, and 5,000 dpm/100 cm2 for total beta activity (also from NRC Regulatory Guide 
1.86).   
 
Fixed-point alpha/beta activity measurements were performed with a Ludlum Model 2360 scaler/ratemeter 
coupled with a Ludlum Model 43-89 probe.  When the survey location was identified, a fixed-point location 
code was recorded in the scaler via a manufacturer-supplied handset, and then a 1-minute count cycle was 
initiated.  Most fixed-point survey locations contained a ten-digit location code, consisting of: 

• Building # (1−9): Building ID; 
• Survey Unit # (01−99): Grid location ID (unit-specific); 
• Grid coordinate (XXYY): Location within the grid (location-specific); 
• Survey Type (1−4): Primary count/duplicate/hotspot/discretionary; 
• Surface Type (0−8): Description of surface; and 
• Instrument Number (1−9): Survey instrument number (detector-specific). 
 
Removable alpha/beta activity was measured by smearing an area of approximately 100 cm2 with a dry 
smear.  Smears were identified in the field with the fixed-point location identification number (ID) on the 
smear envelope.  Smears were counted for 1 minute on a Ludlum Model 2929/Model 43-10-1 scaler, with the 
alpha and beta count-rate (GCPM) recorded electronically for transfer to the project database.  Smears were 
collected at 20% of the fixed-point survey locations, including any fixed-point location where alpha or beta 
activity exceeded 5,000 dpm/100 cm2 (with exceptions in Building G-1). 
 
Processed natural uranium (originally assumed to be the primary radiological contaminant) has associated 
alpha, gamma, and beta radiations, any of which may be used, under the right conditions, to identify the 
presence of residual contamination.  Surface scans for gross beta radiation were performed to identify 
locations of elevated activity.  Beta scans were used because of the greater attenuation potential associated 
with alpha radiation (i.e., even thin layers of dust or moisture can effectively shield alpha radiation and 
preclude detection). 
 
Prior to conducting scan surveys in Building G-1, debris that could damage the sensitive floor monitor detector 
window was removed by vacuuming.  Prior to conducting scan surveys on gravel-covered roofs, the gravel 
was shoveled aside, exposing the tar surface of the roof. 
 
A rigid spatial distribution of scan areas was not required because the scan was intended to identify the 
presence of any areas of elevated activity.  However, scan locations were distributed so that results were 
representative of the Survey Unit, including a variety of surface types.  Scans were typically obtained by 
scanning a 1 m2 area around fixed points using hand-held instruments.  Floor monitor scans were typically 
conducted over 5 m paths. 
 
Dose rates were measured with a Bicron microrem meter in easily accessible areas and recorded in units of 
micro rem per hour (µrem/hr).  Dose rates were typically obtained either at operator waist height, at a 
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distance of 1 ft from walls, or at operator knee level above areas of elevated floor radioactivity in 
Building G-1.  Dose rates were recorded on survey diagrams as illustrated in Attachment 1 (SAIC 2003d). 
 
Radiological instrumentation and associated detectors were calibrated annually by the supplying vendor 
using National Institute of Standards and Technology (NIST) traceable sources and calibration equipment.  
Instruments were calibrated in accordance with guidance contained in American National Standards Institute 
(ANSI) N323 (ANSI 1978b) and manufacturers’ instructions.  Daily on-site background and source checks 
were conducted for all instrumentation used for the building surveys. 
 
The results of IA01 and IA02 building surveys are presented in Section 6.3.  Field Photograph 28 shows a 
building radiation survey grid set up for the exterior wall of the Garage.  The following sections summarize 
the data collected in each subject building during the RI. 
 
3.4.2  Building Radiation Survey Reference Measurements 
 
Building radiation reference surveys were conducted to evaluate the background (or reference-level) 
radiological activity on representative surfaces of assumed non-impacted buildings.  These measurements 
were conducted on the interior of the southern end of the Warehouse to define non-impacted conditions, or 
reference areas, as a basis for evaluation of alpha/beta activities on similar surfaces located on other site 
buildings/structures. 
 
The data collection rationale was met for this task with a total of five reference measurements taken for each 
of the following six types of building surfaces: 
 
• Concrete/cinderblock; 
• Structural steel; 
• Drywall; 
• Brick; 
• Floor tile; and 
• Glass/window cube. 
 
Using these reference survey measurements, a mean reference activity was determined for each type of 
building medium and survey scanning instrument combination prior to the start of site surveys.  These 
reference values were later subtracted from each site survey measurement to produce a net (above 
background) result.  Suitable reference materials were not located in the reference area for wood or roofing 
materials; background values for steel were used as a substitute for these as permitted by NUREG-1507 
Background Count Rates for Various Materials (NRC 1998a). 
 
During Phase II, reference surveys were conducted in the same Warehouse reference area locations for the 
new set of survey instruments used in Phase II surveys.  During the Phase II reference surveys, a suitable 
location for wood was located and reference values were determined for use in site building surveys.  
Reference survey data are provided in Section 6.3.1. 
 
3.4.3  IA01 (Building G-1) 
 
The following sections provide a description of IA01 and the volumetric building material sampling and 
radiation surveys performed at IA01. 
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3.4.3.1   IA01 Definition 
 
IA01 consists of the interior and exterior structure and surfaces of Building G-1 (Sheet 1).  Building G-1 is 
located within an approximately 1.6 acre fenced perimeter in the main portion of the site north of Harvard 
Avenue.  Building G-1 is a brick and steel structure which served as the primary HCC uranium processing 
facility during historical MED/AEC operations.  Building G-1 also housed post-MED/AEC commercial 
chemical production activities for the HCC.  Previous investigations indicated the presence of radiological 
contamination throughout the building. 
 
3.4.3.2   Building Material Sampling 
 
Building material samples were collected in IA01 during Phases I and II of the RI to provide characterization 
data for building risk assessment and for potential future demolition/disposal. 
 
A total of 22 IA01 building material samples were collected during Phase I of the RI, based on field 
observations, including the type of material or visual/measured observations of potential contamination 
(Table 3-3).  Of the 22 collected samples, 6 samples received additional analyses for the waste 
characterization parameters identified previously, and 5 samples were analyzed for asbestos only.  The 
asbestos analyses targeted roofing material samples based on historical information regarding roofing 
material composition.  The asbestos analyses were intended to provide waste characterization data for future 
disposal tasks, and for worker safety.  An additional two IA01 floor tile samples were collected during Phase 
II of the RI and were submitted for analysis of asbestos.  The locations of all IA01 Building G-1 building 
material samples are shown in Figures 3-3 (interior) and 3-4 (exterior). 
 
3.4.3.3   Building Radiation Survey 
 
Building surveys were conducted for Building G-1 (IA01) during Phase I of the RI to provide 
characterization data for risk and future demolition/disposal.  Specifically, the survey rationale included: 
 
• Provide quantitative data to confirm the findings of previous investigations indicating that Building G-1 

is contaminated; 
• Identify large portions of the building, if any, that could be designated as non-radioactive and segregated 

during potential demolition activities; and 
• Collect building material samples for evaluation against waste acceptance criteria. 
 
The following surveys were performed at Building G-1 in Phase I of the RI: 
 
• 2,307 interior and 846 exterior fixed-point alpha/beta scans; 
• 846 interior and 396 exterior removable alpha/beta measurements; 
• 957 interior and 419 exterior scan beta surveys; and 
• 22 interior and 11 exterior dose rate gamma measurements. 
 
The locations of all Building G-1 Survey Units are shown in Figures 3-7 (exterior) and 3-8 (interior).  Master 
Units are listed in Table 3-4.  Table 3-5 presents the individual Survey Units for Building G-1. 
 
3.4.4  IA02 (Other Existing Buildings) 
 
The following sections provide a description of IA02 and associated volumetric building material sampling 
and radiation surveys. 
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3.4.4.1   IA02 Definition 
 
IA02 consists of the remaining HCC buildings (excluding Building G-1) currently existing on the site (Sheet 
2).  The IA02 buildings include the Garage, Foundry, Warehouse, Boiler House, and Scale House.  The 
Garage is located just west of the main site access and consists of brick and wood frame construction.  The 
Garage is currently used for the storage of several roll-off boxes containing potentially radiologically-
contaminated roofing materials removed from the Warehouse during previous activities conducted by 
Engelhard. 
 
The Foundry is located north of the main site entrance between the Boiler House and Warehouse.  The 
majority of the building consists of block construction, and is currently used by Engelhard for general 
warehousing and storage.  Historical information indicates the Foundry may have contained ovens/kilns used 
as part of MED/AEC uranium processing activities. 
 
The Warehouse is located east of the main site entrance.  This building consists of block/brick and wood 
frame construction, and is currently used by Engelhard for general warehousing and storage.  Historical 
information indicates the Warehouse was used for the storage of non-radioactive materials and supplies, 
although a small laboratory was located within the southeast portion of the building.  The Warehouse and 
Foundry are connected by an enclosed corridor. 
 
The Boiler House is located south of Building G-1 and west of the Foundry.  It consists of brick construction, 
and is currently used for the storage of radiologically-contaminated waste generated during previous site 
investigations conducted by Engelhard. 
 
The Scale House is located southeast of the Warehouse and consists of brick and frame construction.  This 
relatively small building housed instruments associated with a truck scale, and is not known to have been 
associated with any historical MED/AEC production operations. 
 
Two additional buildings not addressed during the RI are present on the property north of Harvard Avenue.  
The Block House (located north of the Warehouse) and the current Engelhard water treatment plant (located 
north of the Foundry) were constructed after 1970 and were not present during documented MED/AEC 
contracted operations. 
 
3.4.4.2   Building Material Sampling 
 
Building material samples were collected from IA02 existing buildings during Phase I and Phase II of the RI 
to provide characterization data for building risk assessment and potential future demolition/disposal.   
 
A total of 11 building material samples were collected during Phase I of the RI, based on field observations 
including the type of material or visual/measured observations of potential contamination (Table 3-3).  All 11 
Phase I samples received analyses for asbestos and Phase I and Phase II radionuclide COIs.     
 
Five additional building material samples for analysis of Phase I and Phase II radionuclide COIs were 
collected during Phase II of the RI.  Figure 3-5 shows the locations of all RI IA02 building material samples. 
 
3.4.4.3   Building Radiation Survey 
 
Building surveys were conducted in IA02 during Phase I and Phase II of the RI to provide characterization 
data for risk and future demolition/disposal at the Boiler House, Warehouse, Scale House, Foundry, and 
Garage.  Specifically, the survey rationale included: 
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• Complete a limited characterization effort to identify radiological contaminants on building surfaces, and 
to verify that historical survey results were less than the survey instrument minimum detectable count 
rate (MDCR); and 

• Establish the nature and extent of contamination, and to provide data suitable to design the final status 
surveys that may be conducted following potential decontamination and decommissioning (i.e., 
remedial) activities. 

 
The data collection rationale for the building radiation surveys conducted in IA02 is addressed individually 
below for each of the applicable existing site buildings.  IA02 survey unit descriptions are provided in Table 
3-6.  IA02 building Survey Units are shown for the Boiler House and Foundry in Figures 3-9 (exterior) and 
3-10 (interior) and for the Warehouse, Garage, and Scale House in Figures 3-11 (exterior) and 3-12 (interior).  
Portions of the buildings previously released by the NRC were not included in the radiation surveys, as 
discussed below. 
 
Boiler House 
 
Building radiation surveys were performed at the Boiler House to characterize building surface radiological 
activity.  No historical survey records were available for the Boiler House; therefore, all interior and exterior 
surfaces were included in the RI surveys. 
 
The following surveys were performed at the Boiler House during the RI: 
 
• 358 interior and 311 exterior fixed-point alpha/beta scans; 
• 73 interior and 96 exterior removable alpha/beta measurements; 
• 92 interior and 175 exterior scan beta surveys; and 
• 5 interior and 7 exterior dose rate gamma measurements. 
 
Foundry 
 
Building surveys were performed at the Foundry to confirm historical characterization efforts of building 
surface activity.  Only exterior surfaces of the Foundry were surveyed during the RI, as all interior surfaces 
were released by the NRC for unrestricted use subsequent to historical surveys. 
 
The following surveys were performed at the Foundry during the RI: 
 
• 472 exterior fixed-point alpha/beta scans; 
• 143 exterior removable alpha/beta measurements; 
• 364 exterior scan beta surveys; and 
• 10 exterior dose rate gamma measurements. 
 
Warehouse 
 
Building surveys were performed at the Warehouse to confirm historical characterization efforts of building 
surface activity.  Interior surfaces of the Warehouse were previously released by the NRC for unrestricted 
use subsequent to historical surveys; however, the final release of the building exterior, as well as interior 
laboratory and office areas, was not completed prior to the RI field work.  Therefore, RI surveys included 
these areas for confirmatory characterization. 
 
The following surveys were performed at the Warehouse during the RI: 
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• 109 interior and 1,115 exterior fixed-point alpha/beta scans; 
• 20 interior and 279 exterior removable alpha/beta measurements; 
• 613 exterior scan beta surveys; and 
• 10 interior and 14 exterior dose rate gamma measurements. 
 
Garage 
 
Building radiation surveys were performed at the Garage to characterize building surface radiological 
activity. Interior surfaces of the Garage were released for unrestricted use previously by the NRC and were 
not part of the RI survey task.  Although historical surveys were conducted for the Garage exterior, these 
survey results were not available.  Therefore, RI surveys included exterior surfaces for confirmatory 
characterization. 
 
The following surveys were performed at the Garage during the RI: 
 
• 191 exterior fixed-point alpha/beta scans; 
• 37 exterior removable alpha/beta measurements; 
• 73 exterior scan beta surveys; and 
• 5 exterior dose rate gamma measurements. 
 
Scale House 
 
Building radiation surveys were performed at the Scale House to characterize building surface radiological 
activity.  Historical surveys were conducted for interior and exterior (except roof) surfaces of the Scale 
House.  No NRC release letter has been made available for these surveys; therefore, RI surveys included 
interior and exterior surfaces for confirmatory characterization. 
 
The following surveys were performed at the Scale House during the RI: 
 
• 21 interior and 40 exterior fixed-point alpha/beta scans; 
• 5 interior and 6 exterior removable alpha/beta measurements; 
• 12 exterior scan beta surveys; and 
• 6 interior and 5 exterior dose rate gamma measurements. 
 
The results of all building characterization radiation survey and material sampling completed during the RI 
are presented in Section 6.3 of this RIR. 
 
3.5   SOIL CHARACTERIZATION 
 
Surface and subsurface soil samples were collected and submitted for laboratory analyses during Phase I and 
Phase II of the RI to define the nature and extent of radiological soil contamination, and to determine if a 
release of MED/AEC-related radiological and/or chemical constituents had occurred at the Former Harshaw 
Chemical Site.     
 
The Phase II SAP Addendum (SAIC 2004) included a grid-based soil sampling approach based on Multi-
Agency Radiation Site Survey Investigation Manual (MARSSIM) guidance for Class II survey unit 
characterization.  The MARSSIM grid-based soil characterization plan developed for the Phase II field data 
collection program was not completed due to uncertainties associated with the potential presence of thorium-
230 and the overall role MARSSIM guidance will represent in potential future remediation and/or site release 
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activities.  Additional field characterization data collection, including potential MARSSIM-based sampling, 
may be conducted in support of subsequent remedial design/site release activities where applicable. 
 
The soil data collection program was designed based on the presence of two representative general soil 
environments – locations with thin or no fill, and locations with significant fill.  To minimize variations in 
soil sample collection tasks, the following three soil sample depth approaches were developed for the soil 
sample/data collection activities: 
 

Thin/No Fill (< 6 ft bgs)  Fill (> 6 ft bgs)  Hand Auger 
Surface soil (0 -2 ft bgs)  Surface soil (0 - 2 ft bgs)  Surface soil (0 - 2 ft bgs) 
Subsurface soil (4 -6 ft bgs)  Middle of fill (TBD)   
Subsurface soil (8 -10 ft bgs)  Bottom of fill (TBD)   
  Below fill (TBD)   

To be determined (TBD): Fill material depths were determined by field observations for each soil boring. 
 
The above sample collection scenarios served as the default sample collection approach for all soil sample 
locations and generated estimated sample quantities for each soil IA.  Some location-specific sample 
requirements, primarily in response to field observations, field screening results, or targeted intervals based 
on laboratory analytical results, required variation from the above scenarios.   
 
With the exception of near-surface soil samples collected from all soil boring locations in IA03, IA04, and 
IA06, all soil samples were intended to consist of 2 ft composite depth intervals.  As discussed previously in 
Section 3.2.1.1, near-surface soil samples were collected to determine if any correlation between the assumed 
primary source (Building G-1) and the predominant wind direction at the site was apparent due to historical 
airborne distribution. 
 
Each near-surface soil sample consisted of one-half of the homogenized material from the 0 to 0.5 ft bgs 
sample interval.  The remaining one-half of the 0 to 0.5 ft bgs sample material was retained and combined 
with the remaining surface soil sample material collected from the same borehole (normally the 0.5 to 2 ft 
bgs interval).  This split sample approach was utilized to prevent potential sample collection bias associated 
with the complete removal of the near-surface material from the 0 to 2 ft bgs sample.  
 
Phase I soil samples were submitted for laboratory analysis of COI metals, kerosene (TPH-DRO), and COI 
radionuclides.  Additionally, a targeted subset of Phase I samples from IA07 based on historical thorium 
detections were analyzed for isotopic thorium.  All Phase II soil samples were submitted for laboratory 
analysis of COI metals, kerosene (TPH-DRO), and COI radionuclides with the exception of IA06 soil 
samples, which received only COI radionuclide analysis.     
 
All soil samples collected for COI radionuclides during Phase I and Phase II were analyzed by gamma 
spectroscopy at the on-site BEGe laboratory.  During the Phase I RI, all radiological soil samples specifically 
collected to fulfill risk evaluation data needs were also analyzed using gamma spectroscopy at the off-site 
laboratory since the on-site BEGe laboratory had not been certified as producing definitive data (Section 
4.2.2.1). Analysis at the off-site laboratory also helped to provide a level of laboratory analytical quality 
assurance (QA).   
 
A correlation study was conducted during Phase I of the RI to determine the accuracy of the on-site BEGe 
laboratory analytical results compared to gamma spectroscopy results from the off-site laboratory (Section 
4.2.2.1).  Results of the correlation study showed on-site BEGe laboratory result data to be comparable to 
data generated by the off-site laboratory, supporting the use of on-site BEGe laboratory results as definitive 
radiological data, and the use of the on-site BEGe laboratory as the primary analytical laboratory.  
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Subsequently, beginning in Phase II, only 5% of field gamma spectroscopy samples were sent for 
confirmation analyses by the off-site laboratory. 
 
The soil observational approach was based primarily on the total uranium screening level of 30 pCi/g.  If a 
soil sample exceeded this screening level, additional observational soil samples were completed to define the 
extent of contamination to within approximately 25 ft (lateral) and 2 ft (vertical).  Lateral extent was defined 
using a triangular grid approach; three borings were installed around the soil boring from which the soil 
sample exceeding the screening level was taken, each at a distance of 25 ft from the original boring location.  
Because the observational soil sampling approach was based on the total uranium screening level of 30 
pCi/g, this level is used during the discussion of extent in Section 6.4.   
 
As discussed in Section 3.2.7.3.1, radiological soil core screening was conducted at each soil boring/hand 
auger location to detect areas/intervals of elevated radiological activity, and to focus sample collection on 
potentially impacted areas or intervals.  The Ludlum 44-9 probe scan MDC for total uranium was 17,290 
dpm/100 cm2 (243 pCi/g) for a 100 cpm background and contribution from naturally occurring beta emitters 
in soil, as calculated in the RI SAP (SAIC 2003b). 
 
Originally, all radiological soil samples were to be retained for up to six months either by the off-site 
laboratory, or in an on-site archive to allow for subsequent radiological analyses to be conducted at a later 
date, if needed.  Samples sent to the off-site laboratory and subsequently archived off-site were disposed in 
late 2005 after it was determined there was no foreseeable need for additional analyses of the samples.  A 
total of 719 soil samples remain in an archive at the Former Harshaw Chemical Site in a secured storage 
facility.  This on-site archive will be maintained until completion of the RI if additional analyses are needed. 
 
After Phase I and II were completed, two additional phases were implemented.  Phase III of the RI was 
conducted to fill radiological data gaps, specifically thorium-230, and support supplemental investigation 
objectives identified by USACE (Appendix 1E-1 and 1E-20).  Phase IV of the RI was conducted to 
determine whether or not there has been a release of any recycled uranium or associated contaminants (such 
as plutonium, technetium, or neptunium) at levels which could pose a potential risk to human health or the 
environment.  Analysis of archived soil samples was included in these subsequent phases.  Archived samples 
are defined as samples that were collected and analyzed in previous phases and then stored on-site or in the 
laboratory that were then reanalyzed in future phases.  For clarification, Phase III archived samples represent 
samples collected from Phases I and II.  Phase IV archived samples represented samples that were collected 
in Phases I, II, and III. 
 
In conjunction with analysis of archived soil samples, Phase III performed the following sampling and 
characterization activities (Appendix 1E-20): 
 
• Off-site radiological analysis of previously collected soil samples archived on-site (Activities 2, 3, 4, and 

5); 
• Soil sampling within the footprint of a historical retention basin/evaporation pond in IA04 (Activity 6); 
• Soil sampling within the footprint of a historical pit directly north of Building G-1 (Activity 7); 
• Radiological screening of targeted concrete slabs and soil sampling beneath selected locations on the 

slabs (Activities 11 and 12);   
• Excavations adjacent to subsurface utilities (Activities 9 and 10); 
• Gridded soil sampling in IA06 in support of potential close-out of the area (Activities 13 and 14); 
• XRF analysis of all soil samples (Activities 6, 7, 9, 10, 11, and 13); 
• River sediment sampling in IA08 (Activity 15); and 
• Sewer sediment sampling in IA09 (Activity 8). 
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In Phase III, multiple media types were selected for analysis including sediment sampling, surface sampling 
by hand auger and re-analysis of existing core samples.  These samples have been broken down into 7 
sampling categories as follows: 
 
• Category 1: Soil locations that potentially pose land-based thorium-230 waste stream disposal concerns 

with potentially high levels of activity concentration.  
• Category 2: Soil locations that potentially contain thorium-230 contamination from MED activities 

outside the Phase I and II identified uranium contamination footprint.  
• Category 3: Sediment sampling from locations most likely to contain persistent sediment layers 

contaminated with thorium-230.  
• Category 4: Soil locations that would assist in bounding the known or suspected extent of thorium-230 

contamination. 
• Category 5: Soil samples to be analyzed for isotopic uranium via alpha spectroscopy (to verify that 

uranium is not enriched or depleted).  
• Category 6: Soil locations For IA06 FS Support. 
• Category 7: Sediment sampling (IA08) from locations in the current river bed to eliminate location as a 

data gap. 
 
Rationale and methods for the sampling activities performed for Phase III are described below according to 
sampling media type and IA location of each sample group. 
 
Phase IV of the RI was conducted to determine whether or not there has been a release of recycled uranium 
or associated contaminants (such as plutonium, technetium, or neptunium) at levels which pose a potential 
risk to human health or the environment. Because the footprint of uranium and thorium contamination was 
established during the previous three phases of investigation, this phase focused on re-analysis of existing 
soil samples and sampling groundwater from existing monitoring wells on-site to determine the presence or 
absence of recycled uranium contaminants.  If recycled uranium contaminants were found to be below 
background screening levels in these biased samples, then no future studies of recycled uranium would be 
needed. 
 
The primary Phase IV project objectives are presented as follows: 
 
• Determine if a release of recycled uranium related contamination has occurred; 
• Determine if a release of MED/AEC related contamination has occurred at levels significant enough to 

pose the potential for unacceptable risk; 
• Determine risk from exposure to MED/AEC related contamination; 
• Perform an evaluation of ICP-MS as a method to analyze for isotopic uranium capable of separating 

uranium-235 and uranium-236; and 
• Characterize site conditions.  
 
In order to achieve these objectives, four types of samples were analyzed in this phase: 
 
• Soil; 
• Sediment; 
• Groundwater; and 
• Surface water. 
 
Rationale and methods for sampling performed during Phase IV are described below based on sampling 
media type and IA location of each sample group. 
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3.5.1  Soil Sampling Methods 
 
Soil samples were collected during the Former Harshaw Chemical Site RI using one of the following five 
methods: 
 
• Scoop/trowel; 
• Hand auger; 
• Geoprobe; 
• Hollow-stem auger; and 
• Trackhoe. 
 
Near-surface soil samples (i.e., from on-site BEGe laboratory correlation study locations) were collected 
using a stainless steel scoop or trowel.  Soil sample material was combined in a stainless steel bowl and 
homogenized prior to transfer to the appropriate sample containers.  Excess sample material was retained and 
managed as investigation-derived waste (IDW). 
 
Some surface soil samples were collected using a stainless steel hand auger.  All soil material retrieved 
during augering was combined in a stainless steel bowl and homogenized prior to transfer to the appropriate 
sample containers.  Excess sample material was retained and managed as IDW.  Hand auger sampling was 
used primarily at targeted surface soil only locations, where near-surface debris (e.g., gravel, bricks) 
obstructed other sampling methods, or along river/creek bank locations inaccessible to the Geoprobe or 
hollow-stem auger drill rigs. 
 
A Geoprobe drill rig was used to complete surface and subsurface soil sample collection at the majority of RI 
soil boring locations.  Geoprobe drilling generally did not exceed 10 to 12 ft bgs and was used primarily in 
areas of thin or no fill material.  Soil samples were collected using a Macrocore sampler with disposable 
single-use clear acetate liners.  After the soil sample liner was retrieved and the chemical/radiological field 
screening measurements were taken, soil from each targeted sample interval was combined in a stainless 
steel bowl for homogenization prior to transfer to the appropriate laboratory sample containers.  If additional 
sample volume was required for one or more samples collected during a Geoprobe soil boring installation, a 
second soil boring located immediately adjacent to the initial borehole (usually within 0.5 ft) was completed 
to collect the required sample volume(s). 
 
Two different types of Geoprobe drill rigs were used during the RI.  A truck-mounted rig was used for soil 
borings located in relatively level or paved site parcels.  Phase I soil borings located inside Building G-1 
were completed with the truck-mounted rig.  During Phase II of the RI, a track-mounted DT-6600 rig was 
used for off-road and Building G-1 interior soil boring locations.  The track-mounted rig allowed for better 
access to soil borings located on uneven terrain and was easier to move within Building G-1. 
 
An all-terrain hollow-stem auger rig was used to complete surface and subsurface soil sampling at soil boring 
locations intended to target deeper subsurface fill material, and in locations not accessible by the truck-
mounted Geoprobe rig during Phase I.  Soil samples were collected using stainless steel split-spoon samplers 
driven in advance of the augers using a hydraulic hammer.  After the soil samples were retrieved and the 
chemical/radiological field screening measurements were taken, soil from each targeted sample interval was 
combined in a stainless steel bowl for homogenization prior to transfer to the appropriate laboratory sample 
containers. 
 
For trench sampling, a subcontractor excavated the trenches using a trackhoe to allow sample collection 
without entering the trench.  The trackhoe moved excavated material from the trenches to plastic sheeting 
and tarpaulins near the excavation site.  The plastic sheeting and tarps were used to prevent potential impacts 
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to surrounding soils and/or surfaces.  Two of the three trench locations required asphalt and concrete cutting 
around the excavation perimeter, which was later removed with the trackhoe. Additional plastic was placed 
between the staging pile and the trench in an effort to minimize the material from contacting the surrounding 
soils/surfaces.  Excavated soil was returned to the trench upon completion, and no additional fill material was 
required. 
 
Physical observations of the exposed trench materials from and in the trench were recorded in field log sheets 
and/or field logbooks, and include sketches of trench area, descriptions of soil types, debris contained within, 
condition of the buried infrastructure, and any areas where observations indicated potential for 
contamination. 
 
Drilling and soil sample equipment decontamination was conducted by one of three methods during the RI: 
 
• Bucket wash/rinse at the soil boring location (Geoprobe and hollow-stem auger non-analytical sample 

split spoons); 
• Steam cleaning in temporary decontamination pad (hollow-stem auger downhole rods, augers); or 
• Chemical decontamination (stainless steel sampling tools, hollow-stem auger analytical sample split 

spoons). 
 
All decontamination wastes, regardless of the method used, were retained and managed as project IDW.  
Details regarding decontamination procedures and IDW management are provided in the Phase I SAP, Phase 
II SAP Addendum, Thorium Data Gap SAP Addendum, and Phase IV QAPP (SAIC 2003b, 2004, 2006b, 
and 2007b). 
 
Soil sample collection activities conducted throughout the RI are shown in Field Photographs 29 through 33, 
including hand auger, Geoprobe, and hollow-stem auger sample collection methods.  Section 6.4 presents the 
analytical results for all site soil samples collected during the RI. 
 
3.5.2  Geophysical Survey Methods 
 
Geophysical surveys were conducted during the NIFW phase of the RI to characterize site subsurface 
features and identify potential buried waste materials.   
 
The geophysical investigation was conducted to identify and delineate potential areas of buried waste or fill 
material in IA04, IA06, and IA07 (undeveloped southern portion only).  Geophysical surveys were not 
conducted in IA03 or IA05 due to the presence of pavement and former production facility foundations and 
sub-floors that would adversely impact the survey results. 
 
Two geophysical survey methods were employed during the RI: electromagnetic (EM) terrain conductivity 
and ground-penetrating radar (GPR).  The EM surveys utilized a Geonics Model EM31-DL conductivity 
meter with multi-phase digital recording capabilities.  EM31 data were collected along predetermined survey 
grids with traverses oriented parallel to the long axis of the survey area.  Profile transects were nominally 
collected every 10 ft and were generally parallel to adjacent transects.  EM31 survey data were collected 
concurrently with a portable sub-meter accurate GPS unit to allow for subsequent mapping and evaluation of 
survey results. 
 
Generally, GPR surveys were biased to further refine potential subsurface anomalies identified by the EM31 
surveys.  The GPR equipment used during this investigation included a GSSI SIR-2 equipped with 200-MHz 
(megahertz) and 500-MHz mono-static shielded antennae.  Surveys were conducted in accordance with 
SAIC Geophysical Procedures for GPR surveys (Appendix J of the NIFW POA [SAIC 2002]).  GPR data 
were recorded semi-continuously with the GSSI SIR-2 antenna hand-towed on the ground surface along each 
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survey line.  Because GPR survey data are scaled using manually entered reference points along the survey 
line, a GPS unit cannot be used to record location coordinates for survey data points during the actual survey.  
The end-points of each survey line were located using the GPS unit to allow for the survey line location to be 
indicated on a site map.  This survey line location also aids the correlation of GPR survey data with EM31 
results. 
 
Additional limited geophysical surveys were conducted to support underground utility clearance activities for 
intrusive soil boring installation activities in IA03, IA05 and other developed portions of the site. 
 
Field Photographs 34 through 37 show EM and GPR geophysical survey techniques used, and an anomalous 
area identified during the RI. 
 
3.5.3  Gamma Walkover Survey Methods 
 
Gamma walkover surveys were conducted to identify elevated gamma activities on surfaces including 
shallow soil (upper 9 inches), asphalt, concrete, and gravel to direct future intrusive sampling activities.  The 
survey results were used to select initial soil sampling locations and to generally support the observational 
approach for RI soil characterization. 
 
Gamma walkover surveys were conducted at the start of the NIFW phase to initially confirm project staging 
and other work areas throughout the site were free of surface radiological contamination.  Field Photographs 
38 and 39 show these main project staging and work areas of the site including the RI project field trailers 
and the primary storage/decontamination area. 
 
Additional gamma walkover surveys were conducted to identify areas of elevated gamma activity in IA03, 
IA04, IA05, IA06, and IA07 (southern undeveloped portion only).  Multiple surveys were performed using a 
FIDLER linked to a portable sub-meter accurate GPS unit.  Data from the FIDLER and GPS unit were 
electronically recorded and produced relatively accurate mapping of survey results as the survey progressed. 
 
Gamma walkover surveys were conducted in accessible portions of the IAs listed above that were previously 
cleared of vegetation and other obstructions.  Surveys were conducted along grid-based traverse lines spaced 
to achieve land surface coverage percentages, which varied by IA. 
 
Reference area background measurements were established for each FIDLER used during the RI (this is 
consistent with the intent of the gamma walkover survey to identify gamma activity above background in the 
survey area).  Background reference areas were identified for asphalt, concrete, soil, and gravel.  Surface 
material specific background values were then calculated and subtracted from the gross gamma activity 
readings for each survey dataset.  Using the default assumptions, the walkover survey MDCR at the Former 
Harshaw Chemical Site was approximately 2,000 cpm above background.  Scan investigation levels were 
calculated following reference area surveys.  In the absence of site-specific soil cleanup goals, surface-
specific investigation levels were used as the basis for bounding elevated areas and scrutinizing walkover 
data.  The investigation level for the survey was 1.5 times the background value for the material surveyed.  
As the survey progressed, the scan investigation levels were evaluated for appropriateness and did not 
require adjustment.  Areas exceeding the investigation level were further investigated with the survey 
instruments to encompass the extent of the elevated readings.  These areas were also marked for targeted soil 
sampling. 
 
Figure 3-13 shows the NIFW and Phase II gamma walkover survey areas for the entire site.  Field 
Photographs 40 through 43 show the RI gamma walkover survey instruments and survey in progress, as well 
as an example of a survey grid (IA06).   
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3.5.4  IA03 (Soil in the Vicinity of Building G-1) 
 
Soil characterization activities for IA03 included geophysical surveys (for utility clearance only), gamma 
walkover surveys, and soil sampling. 
 
3.5.4.1   IA03 Definition 
 
IA03 includes soil beneath and in the vicinity of Building G-1.  IA03 also includes soil to the north of the 
railroad spur, north of Building G-1 (Figure 1-2), and consists of approximately 11 acres.  Historical 
information indicated the IA03 geographic area contained the most extensive area of radiological soil 
contamination at the site.  Potential sources of contamination adjacent to the building include process 
spillage and airborne emissions during historical uranium processing operations.  The area north of the 
railroad spur appears to have been used for the placement of radiologically-contaminated fill material during 
historical operations. 
 
3.5.4.2   Geophysical Survey 
 
Limited geophysical surveys were conducted to support underground utility clearance activities for intrusive 
soil boring installation activities in IA03 during the Phase I and Phase II RI.  Additional geophysical survey 
activities were not planned for IA03 due to the presence of pavement in much of the area, the relatively large 
amount of historical sample data, and the assumed lack of deeper fill activities in this IA. 
 
3.5.4.3   Gamma Walkover Survey 
 
Gamma walkover surveys were conducted in IA03 during both the NIFW phase and Phase II of the RI to 
identify areas of elevated radiological activity and to provide qualitative data to help direct subsequent RI 
sampling activities.   
 
The gamma walkover surveys conducted during the NIFW phase of the RI included concrete and asphalt 
surfaces (25% of accessible areas) and soil surfaces (50% of accessible areas). 
 
Gamma walkover surveys were also conducted in portions of IA03 during the Phase II RI to identify areas of 
elevated radiological activity within the CSX railroad property in the north and northwest portions of IA03.  
The CSX property was inaccessible during earlier RI phases due to the lack of an approved property right-of-
entry agreement.  The CSX gamma walkover surveys were conducted according to the same procedures used 
during the NIFW phase surveys, as described in the NIFW POA (SAIC 2002).  Soil and gravel surfaces 
(100% of accessible areas) were surveyed. 
 
Section 6.4.1.1 presents the results of the NIFW and Phase II gamma walkover surveys in IA03. 
 
3.5.4.4   Soil Sampling 
 
Soil samples were collected in IA03 during Phase I and Phase II of the RI in association with the following 
data collection rationale: 
 
• Confirmatory characterization of historical elevated radiological soil sample locations and NIFW gamma 

walkover survey elevated radiological data locations; 
• Characterization of soil beneath Building G-1; 
• Characterize the nature and extent of chemical COIs; 
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• Bound radiological soil contamination extent based on historical and on-site BEGe laboratory results; 
and 

• Characterize surface soil radiological contamination distribution. 
 
Historical soil sampling results indicating elevated radiological activity in surface and subsurface soil, as 
well as areas of elevated activity identified during the NIFW gamma walkover surveys, were confirmed 
during the RI through the installation of 14 soil borings at these locations.  A single confirmatory boring 
(IA03-SB0006) not completed in Phase I was carried over to Phase II due to property access issues.  A 
property right-of-entry agreement was obtained from CSX to access this boring for completion in Phase II. 
 
Characterization of soil beneath Building G-1 was completed through the installation of five soil borings 
through the G-1 sub-flooring material in Phase I and an additional six soil borings in Phase II. 
 
A total of 77 soil borings were installed in IA03 to bound the extent of radiological soil contamination based 
on historical data.  The use of observational samples, discussed earlier in Section 3.1.1, was conducted in 
IA03 to bound radiological soil contamination extent based on the results of on-site BEGe laboratory gamma 
spectroscopy throughout the RI.  A total of 53 observational borings were installed in IA03 during the RI. 
 
Near-surface soil samples were collected at 31 borings to address radiological contamination distribution in 
IA03 surface soil; near-surface samples were not collected at all primary locations.  Five soil borings 
installed through the floor of Building G-1 were not targeted for near-surface soil sampling as this soil was 
not subject to the airborne transport concerns driving the collection of near-surface samples.  Due to general 
soil recovery issues at additional locations, borings with large gravel and/or cobbles in the near-surface 
interval often did not produce the required volume for near-surface soil sample collection and were removed 
from this collection requirement.  The 31 near-surface soil samples collected in Phase I were sufficient for 
meeting the requirements of the airborne uranium contamination transport evaluation discussed in Section 
3.2.1.1. 
 
Overall, a total of 201 soil samples were collected from IA03 during Phase I from 62 soil boring locations, 
and an additional 198 samples were collected during Phase II of the RI from 87 soil boring locations.  
Results for IA03 soil sampling can be found in section 6.4.1.2. 
 
Figure 3-14 shows the locations of all RI soil borings installed within IA03. 
 
3.5.5  IA04 (Northside Soil Complex) 
 
Soil characterization activities for IA04 included geophysical surveys, gamma walkover surveys, and soil 
sampling. 
 
3.5.5.1   IA04 Definition 
 
IA04 is approximately 17 acres and includes the soil within the remaining area of the site north of Harvard 
Avenue (Figure 1-2).  IA04 includes the areas adjacent to the IA02 buildings, the former production areas 
located to the north of the Warehouse and east of Building G-1, and the area north of the railroad spur east of 
IA03.  Previous investigations did not provide conclusive evidence of widespread radiological contamination 
in IA04, although some localized areas of elevated activities were identified.  Radiological and chemical 
contamination in this area would likely have been a result of storage, process, and fill operations. 
 
Prior to the start of the Phase II RI, the IA04 boundary was modified to remove an area north of the Harvard-
Denison Bridge, as described in the Phase II SAP Addendum (SAIC 2004).  This section was removed after 
a comprehensive review of available historical information suggested that no evidence of plant-related 
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activities or fill disposal occurred within this area.  In addition, total uranium sample results from two 
historical soil borings located within this area did not exceed the preliminary RI Phase I screening level of 16 
pCi/g, which was later changed to 30 pCi/g in the Phase II SAP Addendum (SAIC 2004).   
 
3.5.5.2   Geophysical Survey 
 
Geophysical surveys were conducted during the NIFW phase of the RI to characterize site sub-surface 
features.   
 
Geophysical surveys were focused on the northern and eastern portions of IA04 in areas where historical 
information indicate the potential for fill material along the Cuyahoga River.  In IA04, survey parameters 
included measurements collected at 1-second intervals, with profile transects spaced every 10 ft.  Profile 
transects were nominally collected every 10 ft and were generally parallel to adjacent transects.  During the 
course of the investigation, approximately 3.2 acres were surveyed at IA04. 
 
Additional limited geophysical surveys were conducted to support underground utility clearance activities for 
intrusive soil boring installation activities in IA04 during the RI.   
 
3.5.5.3   Gamma Walkover Survey 
 
Gamma walkover surveys were conducted in IA04 during both the NIFW and Phase II to identify areas of 
elevated radiological activity and to provide qualitative data to help direct subsequent RI sampling activities.   
 
The gamma walkover surveys conducted during the NIFW phase of the RI included concrete and asphalt 
surfaces (25% of accessible areas) and soil surfaces (50% of accessible areas). 
 
Gamma walkover surveys were also conducted in the northern portion of IA04 during the Phase II RI to 
identify areas of elevated radiological activity within the CSX railroad property.  The CSX property was 
inaccessible during earlier RI phases due to the lack of an approved property right-of-entry agreement.  The 
CSX gamma walkover surveys were conducted according to the same procedures used during the NIFW 
phase surveys, as described in the NIFW POA (SAIC 2002).  Soil and gravel surfaces (100% of accessible 
areas) were surveyed. 
 
Section 6.4.2.2 presents the results of the NIFW and Phase II gamma walkover surveys in IA04. 
 
3.5.5.4   Soil Sampling 
 
Soil samples were collected in IA04 during Phase I and Phase II of the RI in association with the following 
data collection rationale: 
 
• Confirmatory characterization of NIFW gamma walkover survey elevated radiological data locations; 
• Confirmatory characterization of fill areas along the west bank of the Cuyahoga River; 
• Characterization of NIFW geophysical survey anomaly; 
• Bound radiological soil contamination extent based on historical and on-site BEGe laboratory data; 
• Characterize nature and extent of chemical COIs; and 
• Characterize surface soil radiological contamination distribution. 
 
A total of 19 soil borings were installed in IA04 to characterize historical elevated radiological soil sample 
results, areas of elevated activity identified during the NIFW phase gamma walkover surveys, and fill areas 
along the west bank of the Cuyahoga River. 
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A single boring (IA04-SB0006) was targeted to confirm an anomaly identified during the NIFW geophysical 
surveys in an effort to characterize this potential area of fill emplacement.  Due to health and safety concerns 
associated with the potential presence of subsurface voids in this area, this boring was eliminated.   
One soil boring was installed in IA04 to bound the extent of radiological soil contamination based on 
historical data.  Observational samples (Section 3.1.1) were conducted in IA04 to bound radiological soil 
contamination extent based on the gamma spectroscopy results from on-site BEGe laboratory throughout the 
RI.  A total of 20 observational borings were installed in IA04 during the RI. 
 
Near-surface soil samples were collected at 13 borings to address radiological contamination distribution in 
IA04 surface soil. 
 
Overall, a total of 57 soil samples were collected from IA04 during Phase I from 14 soil boring locations.  
An additional 86 samples were collected during Phase II of the RI from 31 soil boring locations. 
 
Figure 3-15 shows the locations of all RI soil borings installed within IA04. Results for soil sampling in 
IA04 can be found in Section 6.4.2.3. 
 
3.5.5.5   Buried Infrastructure  
 
During the initial two phases of the RI, total uranium above the RI screening level of 30 pCi/g was found in 
this area.  In Phase III, the trench location was selected along RI GPR transect #247 in IA04.  This location 
was selected to investigate anomalies identified by non-intrusive geophysical investigations during the RI 
(potential underground void, underground storage tank [UST], or sump). 
 
The trench was divided into two parts due to the presence of an apparent former above-ground storage tank 
(AST) foundation/footer crossed by the GPR transect.  As a result, two trenches were completed – a 3 ft by 
18 ft excavation to the north, and a 3 ft by 10 ft excavation about 20 ft to the south.  Neither revealed a UST, 
or any significant voids.  There were also no sewer lines or sumps present.  However, there were some 
underground structures uncovered as detailed below.  Field Photographs 44, 45 and 46 show the excavator 
and trenching activities in IA04. 
 
The northerly excavation was completed to 9 ft bgs on the northern half, and to 5 ft bgs on the southern half.  
The northern half of the excavation revealed a concrete slab underlain by fill and wood timbers at 2 ft bgs.  
The subsurface material consisted of concrete rubble and fill down to 7 ft bgs. A white granular layer with 
purple staining occurred from 2 to 3 ft bgs.  Soft saturated silty clay was present below 7 ft bgs.  The AST 
foundation was found to extend to at least 9 ft bgs.  The southern half of the excavation revealed concrete 
rubble and fill material.  Some of this material was covered with what appeared to be a bright yellow paint or 
pigment.  G-M screenings detected no radioactivity above background.  Two samples were collected from 
this excavation – one sample from the southern half targeting the soils covered in yellow paint at 5 ft bgs, 
and a 4 to 5 ft bgs composite from the northern half. 
 
The southern excavation was completed to 8 ft bgs.  A massive deposit of white crystalline material was 
revealed in the northern third of the trench at 4 ft bgs.  Abundant fill, concrete and gravel were excavated 
from the southern section.  Steel beams underlain by gravel and brick were also uncovered along the 
southern edge of the excavation just beneath the ground surface.  These structures appeared to be subfloors 
from Former Harshaw Chemical Site facilities.  Two samples (4 ft bgs) were collected from this excavation – 
one from the white crystalline material from the northern portion, and one from the fill in the southern 
portion.  G-M screenings detected no radioactivity above background in either of the IA04 trenches. 
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Soil samples were collected from the excavator bucket to eliminate the need for personnel to enter the 
trenches.  Samples were placed into plastic bags and transferred to the on-site XRF laboratory for drying and 
analysis according to Section 3.1.  After XRF analysis, the samples were containerized for submittal to the 
off-site laboratory for analysis of various radionuclides by gamma spectroscopy and of isotopic uranium and 
thorium by alpha spectroscopy.   A sample container for molybdenum was also collected for each sample and 
held on-site for potential off-site laboratory analysis (Section 6.4). 
 
3.5.6  IA05 (Southside Soil Complex) 
 
Soil characterization activities for IA05 included geophysical surveys (for utility clearance only), gamma 
walkover surveys, and soil sampling. 
 
3.5.6.1   IA05 Definition 
 
IA05 includes the soil located in the former facility parcel south of Harvard Avenue bounded by the 
Cuyahoga River and the Big Creek (Figure 1-2).  IA05 is approximately 4 acres, and consists primarily of 
former building floor slabs, foundations, and parking areas associated with buildings demolished and 
removed by Engelhard.  Buildings previously located in IA05 included a process development laboratory (K-
1) and other support facilities (Figure 2.3).  Approximately 120 sq m of soil was previously excavated 
beneath K-1 in response to radionuclide contamination (Section 2.2.1.4).  Previous characterization efforts 
indicated the presence of potential radiological contamination in soil located along the west and north banks 
of the Cuyahoga River and Big Creek, respectively.  Potential radiological contamination is believed to be 
the result of fill activities performed along the banks as well as possible storage and process operations 
associated with the facility laboratory. 
 
Prior to the start of the Phase II RI, the IA05 boundary was modified to include an area along the south bank, 
of Big Creek as described in the Phase II SAP Addendum (SAIC 2004).  This relatively small section of land 
was added to IA05 prior to the onset of Phase II activities added to characterize soil along the south bank of 
the creek that could have been impacted as a result of past flood events. 
 
3.5.6.2   Geophysical Survey 
 
Limited geophysical surveys were conducted to support underground utility clearance activities for intrusive 
soil boring installation activities in IA05 during the Phase I and Phase II RI.  Additional geophysical survey 
activities were not planned for IA05 due to the presence of pavement in nearly all of the area. 
 
3.5.6.3   Gamma Walkover Survey 
 
Gamma walkover surveys were conducted in IA05 during the NIFW phase to identify areas of elevated 
radiological activity and to provide qualitative data to help direct subsequent RI sampling activities.   
 
The gamma walkover surveys conducted during the NIFW phase included concrete and asphalt surfaces 
(25% of accessible areas) and soil surfaces (50% of accessible areas). 
 
Section 6.4.3.1 presents the results of the NIFW and Phase II gamma walkover surveys in IA05. 
 
3.5.6.4   Soil Sampling 
 
Soil samples were collected in IA05 during Phase I and Phase II of the RI in association with the following 
data collection rationale: 
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• Confirmatory characterization of historical elevated radiological soil sample locations and NIFW gamma 
walkover surveys elevated radiological data locations; 

• Confirmatory characterization of historical elevated radiological soil sample locations along the west 
bank of the Cuyahoga River and north bank of Big Creek (hand augers); 

• Characterization of data gap area in central portion of IA; 
• Bound radiological soil contamination extent based on historical and on-site BEGe laboratory data; 
• Characterize the nature and extent of chemical COIs; and 
• Characterize surface soil radiological contamination distribution. 
 
Historical elevated radiological soil sample locations, areas of elevated activity found during the NIFW 
phase gamma walkover surveys, and potential areas of fill along the river and creek banks were confirmed 
through the installation of 13 soil borings in these areas.  The eight hand auger soil borings planned in Phase 
I under the outfall pipes along the river and creek banks to confirm historical activity and potential fill were 
changed to IA09 sediment samples due to their association with IA09 sewer outfalls. 
 
A total of 12 soil borings were installed in IA05 to bound the extent of radiological soil contamination based 
on historical data.  Observational samples were conducted in IA05 to bound radiological soil contamination 
extent based on the results of the on-site BEGe laboratory throughout the RI.  Twenty-two of the soil borings 
were installed as observational borings. 
 
Near-surface soil samples were collected at 10 borings to address radiological contamination distributed in 
IA05 surface soil. 
 
Overall, a total of 73 soil samples, from 19 soil boring locations, were collected from IA05 during Phase I.  
An additional 93 samples, from 28 soil boring locations, were collected here during Phase II of the RI.   
 
Figure 3-16 shows the locations of all RI soil borings installed within IA05. Results for soil sampling in 
IA05 can be found in Section 6.4.3.2. 
 
3.5.7  IA06 (Eastside Soil) 
 
Soil characterization activities for IA06 included geophysical surveys, gamma walkover surveys, and soil 
sampling. 
 
3.5.7.1   IA06 Definition 
 
IA06 includes the soil associated with an undeveloped parcel located north of Harvard Avenue and east of 
the Cuyahoga River (Figure 1-2), and is approximately 6 acres.  Historical information indicates this area 
was used for general construction debris fill activities.  No known process-related activities were conducted 
in IA06. 
 
3.5.7.2   Geophysical Survey 
 
Geophysical surveys were conducted during the NIFW phase to characterize site sub-surface features.   
Geophysical surveys were focused on the entire IA06 area to identify potential subsurface waste materials.   
IA06 consists of areas of unstable footing and dense material (trees/vines).  Therefore, sample points were 
collected approximately every 4 to 5 ft along profile transects, instead of at 1-second intervals used in more 
open and accessible areas like IA04.  Profile transects were nominally collected every 10 ft, and were 
generally parallel to adjacent transects.  During the course of the investigation, approximately 3.5 acres were 
surveyed at IA06. 

Former Harshaw Chemical Site Page 3-43 
Remedial Investigation Report 
Revision 1  
December 2009 



 

 
3.5.7.3   Gamma Walkover Survey 
 
Gamma walkover surveys were conducted in IA06 during the NIFW phase to identify areas of elevated 
radiological activity, and to provide qualitative data to help direct subsequent RI sampling activities.   
 
The gamma walkover surveys conducted during the NIFW phase of the RI included 100% of accessible areas 
in the entire IA.  Section 6.4.4.2 presents the results of the NIFW and Phase II gamma walkover surveys in 
IA06. 
 
3.5.7.4   Soil Sampling 
 
Soil samples were collected in IA06 during Phase I and Phase II of the RI in association with the following 
data collection rationale: 
 
• Confirmatory characterization of historical elevated radiological soil sample locations and NIFW gamma 

walkover surveys elevated radiological data location; 
• Characterization of NIFW geophysical survey anomalies; 
• Characterize surface soil radiological contamination distribution; and  
• Bound radiological soil contamination extent based on historical data and on-site BEGe laboratory 

results. 
 
Historical elevated radiological soil sample locations and areas of elevated activity identified during the 
NIFW phase gamma walkover survey were confirmed through the installation of two soil borings in these 
areas. 
 
Five borings were completed to characterize the anomalies identified during the NIFW phase geophysical 
surveys.  Observational samples were conducted in IA06 to bound radiological soil contamination extent 
based on the results of the on-site BEGe laboratory throughout the RI.  One observational boring was 
installed in IA06. 
 
Near-surface soil samples were collected at seven borings to address radiological contamination distributed 
in IA06 surface soil. 
 
Overall, a total of 28 soil samples, from eight soil boring locations, were collected from IA06 during Phase I.  
An additional three samples, from three soil boring locations, were collected here during Phase II of the RI. 
 
Figure 3-17 shows the locations of all RI soil borings installed within IA06. Results for soil sampling in 
IA06 can be found in Section 6.4.4.3.  
 
3.5.7.5   Phase III Gridded Soil Sampling  
 
In Phase III a gridded soil sampling approach was applied to IA06 to address thorium data gaps, and to 
determine the suitability of potential close-out of the area (Appendix 1E-20, Activity 13).  The gridded 
sampling approach was designed for this portion of the site to provide data for determination of the 
suitability of the area for close-out.  IA06 was divided into three separate units, with nine locations identified 
from each unit, for a total of 27 sample locations.  Based on XRF results from the initial 27 locations, an 
additional three biased sampling locations were added to further delineate the extent of potential 
contamination. Field Photograph 47 shows the Geoprobe drill rig used during soil sampling activities. 
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Surface (0-0.5 ft bgs) and subsurface (0.5-8 ft bgs) soil samples were collected from each location (Figure 3-
17.).  In addition, if a 6-inch interval of interest was identified during field XRF/G-M screening, that interval 
was containerized and sent to the off-site laboratory as a discrete, biased sample.  An interval of interest was 
defined as a 6-inch interval with either detectable uranium, via XRF analysis, and/or G-M measurement 
above background.  The determination of intervals of interest is detailed in Appendix 1B.  A total of 66 
samples were collected from 30 locations in the field (including 30 surface soil samples, 30 subsurface soil 
samples, 5 biased samples based on elevated XRF/G-M screening results, and 1 additional subsurface sample 
to vertically bound contamination identified in previous sampling).   
 
Prior to sample collection, a radiological survey was conducted at each of the proposed sampling locations 
using a FIDLER, or mini-FIDLER detector to screen for elevated radioactivity in surface soils (Appendix 
1E-20, Activity 14).  Section 7.2.2.4 of the original RI FSP provides further details on the procedures used 
for these surface scans. 
 
The surface soil samples from 0-0.5 ft bgs were collected using the hand-auger method described in Section 
7.4.3 of the original RI FSP.  Subsurface soil samples were collected by means of hydraulic direct-push 
samplers (Geoprobe), in accordance with EM 200-1-3 C.6.4.9, as described in Section 7.4.5 of the RI SAP.   
 
After collection, the surface soil samples were bagged and the soil cores were capped.  The samples were 
then transferred to the on-site XRF analysis laboratory, where the acetate liners were sliced open and the 4 ft 
long cores were separated into 6-inch intervals.  Each 6-inch interval from the bags or soil cores was spread 
into an individual container to allow for drying prior to XRF analysis and G-M screening (Section 3.1).    
 
Upon completion of G-M and XRF screening, the 0-0.5 ft samples were containerized for submittal to the 
off-site laboratory.  For the subsurface samples, the 0.5 ft intervals between 0.5-8 ft were homogenized 
according to the method detailed in EM 200-1-3, Appendix E E.2.2.4.2 (USACE 2001d), and containerized 
for submittal to the off-site laboratory.  All samples were analyzed via gamma spectroscopy and isotopic 
uranium and thorium via alpha spectroscopy.  If a 6-inch interval of interest was identified during field 
XRF/G-M screening, that interval was containerized and sent to the off-site laboratory as a discrete, biased 
sample.  Information regarding biased samples collected was recorded on the XRF log sheet (Appendix 1B) 
and field chain-of-custody. 
 
A sample container for molybdenum also was collected for each sample (when sample volume permitted) 
and held on-site for potential off-site laboratory analysis.   
 
3.5.8  IA07 (Westside Soil) 
 
Soil characterization activities for IA07 included geophysical surveys, gamma walkover surveys, and soil 
sampling. 
 
3.5.8.1   IA07 Definition 
 
IA07 includes soil located within a relatively large area located south of Harvard Avenue, east of Jennings 
Road, and north of Bradley Road (Figure 1-2).  IA07 is approximately 19 acres in size and is bordered by an 
active railroad line to the east.  Historical evidence indicates significant fill activities were conducted within 
several portions of IA07, including the disposal of unknown types of HCC process-related wastes and 
materials.  Historical aerial photographs show fill activities occurred just south of Harvard Avenue, along the 
north and south banks of Big Creek, and probable disposal activities occurred in the middle and southern 
portions of this area.  Portions of northern and central IA07 are privately-owned and were redeveloped 
subsequent to the end of HCC operations.  A closed HCC landfill is located in the extreme southern portion 
of IA07, and was not included in the RI. 
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3.5.8.2   Geophysical Survey 
 
Geophysical surveys were conducted during the NIFW phase to characterize site sub-surface features.   
 
Geophysical surveys were focused on the undeveloped southern portion of IA07 to identify potential 
subsurface waste materials.  IA07 consists of areas with unstable footing and dense material (trees/vines).  
Therefore, sample points were collected approximately every 4 to 5 ft along profile transects, instead of at 1-
second intervals used in more open and accessible areas like IA04.  Profile transects were nominally 
collected every 10 ft and were generally parallel to adjacent transects.  During the course of the investigation, 
approximately 5.5 acres were surveyed at IA07. 
 
Additional limited geophysical surveys were conducted to support underground utility clearance activities for 
intrusive soil boring installation activities completed in developed areas of IA07 during Phase I and Phase II.   
 
3.5.8.3   Gamma Walkover Survey 
 
Gamma walkover surveys were conducted in the undeveloped southern portion of IA07 during the NIFW 
phase to identify areas of elevated radiological activity, and to provide qualitative data to help direct 
subsequent RI sampling activities. 
 
The gamma walkover surveys conducted during the NIFW phase included 50% of the accessible areas.  
Additional Phase II gamma walkover surveys were conducted in three relatively small sections, located in 
the north part of the southern undeveloped portion of IA07, after radiological field screening during RI 
surface soil sampling indicated previously undetected areas of elevated radiological activity.  These findings 
warranted the performance of focused gamma walkover surveys to further evaluate conditions in the three 
subject areas.  The surveys were performed using a 2 inch by 2 inch NaI hand-held detector, which, in the 
absence of a FIDLER, was effective at identifying locations for further investigation. The qualitative focused 
NaI gamma walkover surveys were conducted to investigate each area at approximately 100% coverage.  
Survey data were not data-logged, or otherwise electronically recorded.  Locations with elevated activity 
were marked by the survey technician using pin flags.  Each location of interest was investigated further 
using field screening instruments, and soil samples were collected for on-site BEGe laboratory analysis if the 
presence of elevated activity was confirmed.  Section 6.4.5.2 presents the results of the gamma walkover 
surveys in IA07. 
 
3.5.8.4   Soil Sampling 
 
Soil samples were collected in IA07 during Phase I and Phase II of the RI in association with the following 
data collection rationale: 
 
• Confirmatory characterization of historical elevated radiological soil sample location; 
• Characterization of historical elevated radiological contamination; 
• Characterization of fill areas along the north and south banks of Big Creek, as well as historical elevated 

soil sample results;  
• Characterize an area of fill potentially containing yellowcake, as identified during the gamma walkover 

survey in the southern area of the IA; and 
• Bound radiological soil contamination extent based on historical data and on-site BEGe laboratory 

results. 
 
Historical elevated radiological activity in one area of the southern portion of IA07 was confirmed by the 
installation of one soil boring in this area. 
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Historical elevated radiological soil sample locations were targeted with 16 additional soil borings.  Four of 
these targeted locations could not be completed as planned during Phase I due to access issues in the vicinity 
of these borings, and so were carried over to Phase II for completion.  These four borings were located within 
the Milan Trucking Company property and permission to access this property for intrusive work was not 
obtained in time for boring completion in Phase I. 
 
Historical fill areas along the north and south banks of Big Creek were characterized during the RI by the 
installation of 10 soil borings in this general location.  Field Photograph 48 shows these historical fill areas 
along the Big Creek banks in IA07. 
 
Observational samples were conducted in IA07 to bound radiological soil contamination extent based on the 
results of the on-site BEGe laboratory throughout the RI.  A total of 10 observational borings were installed 
in IA07 during the RI. 
 
Overall, a total of 56 soil samples, from 25 soil boring locations, were collected from IA07 during Phase I.  
An additional 34 samples were collected here during Phase II of the RI from 15 soil boring locations.   
 
Figure 3-18 shows the locations of all RI soil borings installed within IA07. Results for soil sampling in 
IA07 can be found in Section 6.4.5.3.  
 
3.5.9  Multiple IA Sample Collection 
 
After the assessment of the two initial phases, the 2006 RIR showed that there were significant data gaps, 
discussed in section 3.1.3, which needed to be addressed in order to develop a complete FS of the Former 
Harshaw Chemical Site.  These data gap studies were performed in two subsequent phases – Phase III and 
Phase IV.  The broad objectives of these phases were to fill in thorium-230 data, and to determine whether or 
not there has been a release of any recycled uranium or associated contaminants, respectively.  For these 
investigations, additional locations were selected to obtain the best samples to fill in these data gaps.  In 
some cases, these samples were collected with the same approach, but spanned over multiple IAs.  The most 
logical way to discuss these additional soil samples is to group the samples together by collection approach.  
These additional approaches include archived samples from Phase III and IV, historical pit/ pond, and 
targeted concrete slabs, and are presented as subheadings below.  
 
3.5.9.1   Phase III Analysis of Archived Samples 
 
A limited number of previously collected and archived soil samples from IA03, IA04, IA05, and IA07 were 
submitted to the off-site project laboratory for analysis of radionuclides.  The archived samples were 
collected during Phases I and II of the RI, and stored at the site after analysis at the on-site BEGe laboratory.  
Not all samples originally selected for analysis in the SAP Addendum were located in the on-site archive, as 
some had previously been submitted to the off-site laboratory and were disposed of after the completion of 
Phase II of the RI.  Therefore, replacement archived samples were selected.  Table 3-7 lists all planned and 
actual archived samples sent off-site for analysis, and the locations of these samples are shown in IA-specific 
figures (Figures 3-14 through 3-18). 
 
A total of 17 archived soil samples were submitted to the off-site laboratory for analysis of isotopic thorium 
by alpha spectroscopy to address existing data gaps for isotopic thorium (Appendix 1E-20, Activity 2).  
These 17 samples were collected from locations with potential thorium-230 contamination from MED 
activities outside of the currently identified uranium footprint at the site.  One of the 18 samples identified for 
this analysis in the SAP Addendum was previously sent to the off-site laboratory for isotopic thorium 
analysis during Phase II of the RI. 
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A total of 20 archived soil samples were submitted to the off-site laboratory for analysis of isotopic uranium 
by alpha spectroscopy to evaluate the potential for enriched/depleted uranium feed material having been used 
at the site during its period of production (Appendix 1E-20, Activity 3).  Eleven of the samples originally 
identified for this analysis were sent off-site previously during the RI and therefore were not available to be 
submitted for analysis.  As a result, 11 replacement archived samples were selected and submitted for 
isotopic uranium analysis, for a total of 20. 
 
A total of nine archived soil samples were submitted to the off-site laboratory for gamma spectroscopy 
analysis (Appendix 1E-20, Activity 4) to provide a more complete dataset for radium-226.  This activity was 
performed to assist in addressing the thorium data gap, as radium-226 may be present along with thorium-
230 in uranium ore concentrates processed at the site.  Five of the ten samples originally identified for this 
analysis had previously been sent to the off-site laboratory and therefore were not available for this 
evaluation.  Three of those samples previously sent off-site had been analyzed via gamma spectroscopy and 
two were not.  As a result, four additional archived samples were selected and submitted for gamma 
spectroscopy analysis, for a total of nine. 
 
A total of 23 archived soil samples were submitted to the off-site laboratory for analysis of isotopic thorium 
by alpha spectroscopy to address locations with potentially elevated thorium-230 concentrations (Appendix 
1E-20, Activity 5).  These 23 samples were collected from locations within the proximity of potential waste 
pits that appear in historical site photographs.   
 
3.5.9.2   Phase IV Analysis of Archived Samples 
 
Archived soil samples were re-submitted for laboratory analysis of radionuclides associated with recycled 
uranium.  These archived samples represent soils collected from IA03, IA04, IA05, IA06 and IA07 during 
earlier field sample collection phases.  These samples were either archived at GEL, or at the Former Harshaw 
Chemical Site.  Except for the samples that were selected to perform at USACE QA Split samples, all 
archived samples, regardless of current location, were shipped to Test America – St. Louis for analysis. 
 
Due to the accidental disposal of 13 archived samples by the contracted laboratory, 13 new samples were 
collected to be reanalyzed in their place.  These replacement sample locations and depth intervals were 
selected to replicate as many of the disposed samples as possible.  Because re-sampling activities were 
conducted using a hand-auger only, several samples collected from depths below 5 ft bgs could not be 
collected.  USACE made the final determination of locations and sample intervals suitable for the 
replacement analyses based on previous data from RI soil sample analyses.  A total of 49 soil samples from 
44 locations were analyzed during Phase IV (Table 3-8). Results for archived soil sample analysis can be 
found in Section 6.4.6.1. 
 
3.5.9.3   Historical Pit/Pond Soil 
 
In Phase III, four soil borings were completed within the historical footprint of a pit located directly north of 
Building G-1 in IA03 (Figure 3-14.). One of the soil borings, IA03-SB0152, was completed during the first 
cycle of field work, and XRF results were reviewed in accordance with the RI observational sampling 
approach.  Based on XRF results, the other three borings were completed to ensure full delineation of 
potential contamination in the area.  Soil samples were collected by means of hydraulic direct-push samplers 
(Geoprobe), in accordance with EM 200-1-3 C.6.4.9 as described in Section 7.4.5 of the RI SAP, to a total 
depth of 8 ft, where possible.  Hand augering was used to recover any intervals not able to be recovered by 
the Geoprobe sampling method.  Organic vapors in the breathing zone were monitored using a PID and CGI.  
Visual observations regarding fill materials and routine geological parameters were recorded on boring logs 
(Appendix 1B).  Field Photograph 47 shows the Geoprobe drill rig used during soil sampling. 
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In addition, six soil borings were completed within the historical footprint of a retention basin/evaporation 
pond/waste lagoon located in the north end of the site in IA04 (Figure 3-15).  Two of the soil borings, IA04-
SB0057 and IA04-SB0058, were completed during the first cycle of field work, and XRF results were 
reviewed in accordance with the RI observational sampling approach.  Based on XRF results, the other four 
borings were completed to ensure full delineation of potential contamination in the area.  Soil samples were 
collected by means of hydraulic direct-push samplers (Geoprobe), in accordance with EM 200-1-3 C.6.4.9 as 
described in Section 7.4.5 of the RI SAP, to a total depth of 8 ft bgs, where possible.  Hand augering was 
used to recover any intervals not able to be recovered by the Geoprobe sampling method.  Visual 
observations regarding fill materials and routine geological parameters were recorded on boring logs 
(Appendix 1B). 
 
After collection, soil cores were capped and transferred to an XRF field screening area, where the acetate 
liner was sliced open and the 4 ft long cores were separated into 0.5 ft intervals.  Each 6-inch interval was 
spread into an individual container to allow for drying prior to XRF analysis and G-M screening.    
 
Upon completion of G-M and XRF screening, each soil core was divided into four 2 ft intervals (i.e., 0-2, 2-
4, 4-6, and 6-8 ft bgs), homogenized according to the method detailed in EM 200-1-3, Appendix E, E.2.2.4.2 
(USACE 2001d), and containerized for submittal to the off-site laboratory for analysis of various 
radionuclides by gamma spectroscopy and of isotopic uranium and thorium by alpha spectroscopy.  If a 6-
inch interval of interest was identified during field XRF/G-M screening, that interval was containerized and 
sent to the off-site laboratory as a discrete, biased sample.  An interval of interest was defined as a 6-inch 
interval with either detectable uranium via XRF analysis and/or G-M measurement above background.  The 
determination of intervals of interest is detailed in the XRF SOP provided in Appendix 1B of this report.  
Information regarding biased samples collected was recorded on the XRF log sheet (Appendix 1B) and field 
chain-of-custody. Results for analysis of the Historical Pit/Pond soil can be found in Section 6.4.6.2. 
 
Although a separate sample container for molybdenum also was collected for each 2 ft interval and was held 
on-site for potential off-site laboratory analysis, these sample containers were discarded and were not 
submitted for laboratory analysis. 
 
3.5.9.4   Targeted Concrete Slabs 
 
Based upon USACE analysis of historical photographs, several high priority slabs (i.e., slabs potentially used 
for MED-activities with joints or floor drains, and slabs for buildings constructed between the early 1950s 
and mid 1960s) were identified for investigation in Phase III.  The slabs and specific sample locations were 
chosen in the field, based on historical knowledge, visual observations of features of concern (e.g., beneath 
floor drains or beneath joints), and radiological screening with the G-M.   
 
A portable industry-standard concrete coring drill was used in accordance with the manufacturer’s 
specifications.  Field Photograph 49 shows the concrete coring equipment. 
 
At each of the nine selected locations, one soil sample was collected using a hand auger from the 0-2 ft 
interval of soil beneath the concrete.  During collection, sample material was segregated into 6-inch intervals 
to allow for XRF analysis.  The 6-inch intervals were dried then screened by G-M and analyzed by XRF.  
After XRF analysis, the 6-inch intervals were combined into the full 0-2 ft sample interval according to EM 
200-1-3, Appendix E, E.2.2.4.2 (USACE 2001d).  The samples were submitted to the off-site laboratory for 
analysis of various radionuclides by gamma spectroscopy and of isotopic uranium and thorium by alpha 
spectroscopy. 
 
In addition, the concrete cores removed from the foundations were collected and scanned (top, bottom, and 
sides) using a G-M meter to detect any contaminated layers within the core that may have impacted the soil 
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below during the coring activity. All concrete cores were also examined visually for indications of a layer of 
contamination.  All observations were recorded on a boring log or in a log book. Results for analysis of 
concrete slab soil samples can be found in Section 6.4.6.3. 
 
3.6   SEDIMENT AND SURFACE WATER CHARACTERIZATION 
 
Sediment and surface water samples were collected for IA08 (Big Creek and the Cuyahoga River) and IA09 
(sewers and drains) during Phase I, Phase II (IA09 only), Phase III, and Phase IV (IA09 only) of the RI to 
determine the nature and extent of potential on-site contamination.     
 
All Phase I and Phase II sediment and surface water samples were submitted for laboratory analysis of COI 
metals, kerosene (TPH-DRO), and COI radionuclides.   
 
The collection of surface water and sediment samples is shown in the Field Photograph 50.  Section 6.5 
presents the analytical results for all sediment and surface water samples collected during the RI. 
 
3.6.1  Sediment and Surface Water Sampling Methods 
 
Collocated sediment and surface water samples were collected for applicable locations during the RI 
assuming both media were present in sufficient volumes.  Shallow water locations in the Cuyahoga River and 
Big Creek were normally accessible through the use of hip waders.  Deeper water locations required the use 
of a small boat for access and sampling. 
 
Sediment samples were collected during the Former Harshaw Chemical Site RI using one of the following 
four methods: 
 
• Scoop/trowel; 
• Hand auger; 
• Ponar;  
• Long-handled dipper; and  
• Trackhoe. 
 
Saturated sediment samples directly accessible in the Cuyahoga River and Big Creek were typically collected 
using a stainless steel scoop or trowel.  Sample material was combined in a stainless steel bowl and 
homogenized prior to transfer to the appropriate sample containers.  Excess sample material was returned to 
the point of sample origin. 
 
Sewer outfall sediment samples were collected using a stainless steel hand auger.  All sediment material 
retrieved during augering was combined in a stainless steel bowl and homogenized prior to transfer to the 
appropriate sample containers.  Excess sample material was retained and managed as IDW. 
 
Sewer line sediment samples collected through manhole or catch basin access points were collected using a 
Ponar clamshell-type sampler or a long-handled dipper.  Similar to other sediment sample collection 
methods, retrieved material was combined in a stainless steel bowl and homogenized prior to transfer to the 
appropriate sample containers.  Excess sample material was returned to the point of origin within the sewer 
line. 
 
Surface water samples were collected as direct grab samples by filling the required sample containers 
directly from the water source whenever possible.  Sewer line water samples were collected using the 
previously-discussed, long-handled dipper, or a disposable groundwater sample bailer. 
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During Phase III a subcontractor utilized a trackhoe to excavate trenches dug in IA09 to access sampling 
locations and media around sewer lines. The trackhoe moved excavated material from the trenches to plastic 
sheeting and tarpaulins near the excavation site to allow sample collection without entering the trench.  The 
plastic sheeting and tarps were used to prevent potential impacts to surrounding soils and/or surfaces.  Two 
of the three trench locations required asphalt and concrete cutting around the excavation perimeter, which 
was later removed with the trackhoe. Additional plastic was placed between the staging pile and the trench in 
an effort to minimize the material from contacting the surrounding soils/surfaces.  Excavated soil was 
returned to the trench upon completion, and no additional fill material was required. 
 
Non-dedicated sediment sampling equipment decontamination was conducted using the chemical 
decontamination method associated with other types of stainless steel sampling equipment (Ponar, hand 
auger). 
 
All decontamination wastes, regardless of the method used, were retained and managed as project IDW.  
Details regarding decontamination procedures and IDW management are provided in the Phase I SAP and 
Phase II SAP Addendum. 
 
3.6.2  IA08 (Sediment and Surface Water) 
 
The following sections define IA08 and describe sediment and surface water sampling conducted during the 
RI. 
 
3.6.2.1   IA08 Definition 
 
IA08 includes surface water and sediment located within the banks of the Cuyahoga River and the Big Creek 
adjacent to the Former Harshaw Chemical Site (Figure 1-2).  These areas were included in the RI to address 
the possibility of process-related releases via spills, surface water runoff, and storm sewer outfalls into these 
waterways. 
 
3.6.2.2   Sediment and Surface Water Sampling 
 
Sediment and surface water samples were collected in IA08 during Phase I of the RI to characterize 
conditions in these media adjacent to the site within Big Creek and the Cuyahoga River.  A total of 12 
collocated sediment and surface water samples were collected from IA08 during Phase I of the RI.  No 
additional IA08 samples were collected in Phase II based on Phase I analytical results.   
 
Figure 3-19 shows the locations of all RI sediment and surface water sample locations within IA08.  Field 
Photograph 50 shows sediment and surface water sample collection activities in Big Creek. 
 
3.6.2.3   River Sediment Sampling 
 
Sediment samples were collected during Phase III to fill radiological data gaps.  Sediment samples were 
collected in accordance with EM 200-1-3 C.5 as described in Section 7.5 of the RI SAP with noted 
differences below. 
 
A total of four sediment samples were collected (as described in Section 7.5 of the original RI FSP) from the 
river bed in IA08 to eliminate this area as a potential data gap (Appendix 1E-20, Activity 15).  Sample 
locations (Figure 3-19.) were identified in the field based on targeted areas, location accessibility, and 
presence of sample material. 
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All IA08 sediment samples were dried and analyzed via on-site XRF, as a whole interval.  After XRF 
analysis, the samples were submitted for laboratory analysis of various radionuclides by gamma 
spectroscopy and of isotopic uranium and thorium by alpha spectroscopy.  A sample container for 
molybdenum also was collected for each sample and held on-site for potential off-site laboratory analysis. 
 
3.6.3  IA09 (Sewers and Drains) 
 
The following sections define IA09 and describe the sediment, surface water, and sewer line backfill soil 
sampling conducted during the RI. 
 
3.6.3.1   IA09 Definition 
 
IA09 (Figure 1-2) includes the network of on-site sanitary and storm sewers and associated storm sewer 
outfalls located along the west and north banks of the Cuyahoga River and Big Creek, respectively.  Figure 
3-20 illustrates the location of the sanitary sewer and storm sewer lines.  The sanitary sewer and storm sewer 
systems are separate systems and are not interconnected.  The sanitary sewer line originates to the north of 
IA03 and flows to the south to Harvard Avenue.  The storm sewer system is located entirely within the site 
boundaries.  Environmental media associated with IA09 include surface water and sediment located within 
the lines and at outfalls, and soil backfill material associated with the sewer lines on-site. 
 
3.6.3.2   Sediment and Surface Water Sampling Activities 
 
Sediment and surface water samples were collected in IA09 during Phase I and Phase II of the RI to 
characterize media within site sewers and drains, and any potential releases from site drains and sewer 
outfalls.  Field observations were used to identify and locate primary storm and sanitary sewer lines and 
suitable manhole and catch basin access points. 
 
Available historical documents did not provide detailed location or layout information for the on-site sewer 
lines.  In addition, field observations suggested many of the sewer line manholes were covered with asphalt 
pavement.  Also, some catch basins appeared to be completely filled with soil/sediment, and the condition of 
their associated sewer lines (and former directions of flow) could not be identified. 
 
Fourteen sediment and six surface water samples were collected from IA09 during Phase I of the RI.  Four 
additional collocated sediment and surface water samples were collected during Phase II of the RI.  Eight 
hand auger soil borings were completed in Phase I along the river and creek banks to confirm historical 
activity and potential fill.  These samples were collected from beneath current and former sewer line outfall 
locations along the Cuyahoga River and Big Creek banks.   
 
Figure 3-20 shows the locations of all RI sediment and surface water sample locations within IA09.  Field 
Photographs 51, 52, and 53 show sediment and surface water sample collection activities in IA09. 
 
3.6.3.3   Backfill Soil Sampling 
 
Soil sampling was conducted to characterize the backfill around the sewer lines in IA09, and to determine if 
the material acted as a continuing source of contamination on the site due to previous leaks.  Sewer line 
backfill soil samples were collected during Phase I of the RI.     
 
To characterize the sewer line backfill soil material, a total of five sewer line soil samples were collected 
from IA09 during Phase I of the RI from a total of five sample locations.  The backfill around the sewer lines 
was difficult to capture due to poor sample recovery and the possibility of impacting the functioning sewer 
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lines.  Investigation of sewer lines via trenching was not considered to be a practical alternative since at least 
some of the main lines are still functional. 
 
No additional backfill soil samples were collected during Phase II due to the limitations of the sampling 
methods described above. 
 
Figure 3-20 shows the locations of all RI soil borings installed within IA09.  Field Photograph 54 shows 
IA09 soil (sewer backfill material) sample collection activities using a Geoprobe. 
 
3.6.3.4   Phase III Sewer Sediment Sampling 
 
Sediment samples were collected during Phase III to fill radiological data gaps determined after the 
completion of Phase I and II.  Sediment samples were collected in accordance with EM 200-1-3 C.5 as 
described in Section 7.5 of the RI SAP with noted differences below. 
 
A total of nine sediment samples (Figures 3-15and 3-16) were collected from accessible points within the 
storm and sanitary sewer systems immediately surrounding Building G-1, in IA04, and from the portion of 
IA05 north of the creek (Appendix 1E-20, Activity 8).  Sediment sampling targeted the sewer access sites 
where obvious sediment accumulation has taken place inside the system, with samples focusing on the oldest 
(bottom-most) layers of sediment present.  Two samples were obtained from pipe scale.  Two sumps/settling 
tanks were discovered in IA05, and the sediment from one of these locations was sampled.   
 
Confined space entry was required for the collection of sediment and pipe scale samples in some of the IA09 
sewer locations.  A qualified subcontractor conducted the confined space entry, and all necessary permits 
were obtained prior to entry.  Sampling locations targeted storm sewer access spots where obvious sediment 
accumulation has occurred, and sample collection focused on the oldest sediment layers.  Field Photograph 
55 shows the confined space entry equipment utilized during the sewer line sampling. 
 
All IA09 sediment samples were submitted for laboratory analysis of various radionuclides by gamma 
spectroscopy and of isotopic uranium and thorium by alpha spectroscopy. 
 
3.6.3.5   Phase IV Sediment and Surface Water 
 
Sediment and surface water are present in two of the Former Harshaw Chemical Site investigative areas, 
IA08 (Cuyahoga River and Big Creek), and IA09 (Sewers and Drains).  Concentrations of radionuclides and 
chemicals in Big Creek and Cuyahoga River sediments were below screening levels.  Since other more 
abundant contaminants (such as uranium, and thorium-230) were below screening levels in river sediments, 
these sediments were not sampled for recycled uranium contaminants.  Therefore, IA08 is not included in 
this phase of RI sampling.  Instead, the primary focus was placed on the sewers and drains in IA09.  These 
samples were collected in sewer lines to analyze for the presence of recycled uranium related contaminants 
not addressed in the sewer line sampling discussed in the previous section, Section 3.6.3.4. 
 
A total of two sediment samples and four surface water samples were collected from accessible points within 
the storm sewer system. One sediment sample targeted the sewer access sites where obvious sediment 
accumulation has taken place inside the system.  The second sediment sample RI location, IA09-SD0010 
(Field Photograph 56), was targeted in an attempt to duplicate previous sample ID HSSD0062, which 
displayed uranium-238 analytical results over 200pCi/g. 
 
Sample locations were identified in the field based on location accessibility and presence of material sample.  
As was done in the earlier RI phases, a rod with a sample collection cup firmly attached to the end was the 
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preferred sample collection method to obtain both sediment and surface water samples from within the 
sewers and drains.   
 
3.6.4  IA03 and IA04 Sanitary Sewer Line  
 
During Phase III, the sanitary sewer line that traverses IA03 and IA04 from north to south at Harvard Avenue 
was sampled via excavation of a trench adjacent to the line (Figure 3-20).  The specific location west of the 
Boiler House was selected to minimize the possibility of damage to underground utility lines associated with 
the Engelhard groundwater extraction system.  A wet saw was used to cut the 8-inch thick asphalt around the 
perimeter of the planned excavation. A trackhoe was used to remove the asphalt. The uncertainty in the 
actual location of the groundwater extraction system lines in this area required the use of an air knife for the 
initial excavation to minimize the potential for damage.  
 
A north-south trending transect of 8-inch diameter iron pipe was revealed at 5 ft bgs by the air knife.  Based 
on initial observations, it appeared the shallow pipe was a feeder or tie-in to the storm sewer line and was 
installed in the same location, above the sanitary sewer line.  The presence of this shallow line prevented the 
excavation from being installed directly over the assumed location of the sanitary sewer line.  The trackhoe 
then completed a 5 ft by 15 ft excavation adjacent to the west side of the pipe down to 8 ft bgs, with the 
exception of the southeast corner which was excavated to 12 ft bgs.  Timber shoring was discovered along 
the east wall of the excavation and was interpreted to be remaining cave-in protection from the original sewer 
line installation trench.  A portion of the shoring was pulled back to expose the trench backfill.  The trench 
backfill was composed of light brown sand, and a concrete casement was identified at approximately 10 ft 
bgs.  The presence of the concrete casement was consistent with an historical design drawing provided by the 
City of Cleveland - Division of Water Pollution Control.  The drawing indicated that several sections of the 
sewer line were totally enclosed in concrete.  Field Photographs 57-60 show the sanitary sewer excavation 
activities. 
 
A total of four samples were collected from the trench backfill material directly above the sewer line at 
depths of 3 ft, 6 ft, and 9 ft bgs.  One additional sample also was collected earlier from a depth of 8 ft bgs 
slightly west of the timber shoring prior to discovery of the actual sewer line.  Sample collection was 
completed using a stainless steel hand auger from outside the trench to prevent the need for trench entry.  All 
of the samples were analyzed on-site via XRF, and were then sent off-site for additional laboratory analysis.  
No elevated G-M screenings were obtained on these soils. 
 
3.6.5  IA03 and IA09 Storm Sewer Junction  
 
During Phase III, this location targeted backfill associated with a storm sewer line junction located southeast 
and downgradient of Building G-1 (Figure 3-20).  The excavation area was adjacent to a manhole that is 
connected to the sewer line, and provided an approximation of the location of the line in this area, 
minimizing the possibility of damaging the line during excavation.  The soil surrounding the storm sewer 
junction southeast of Building G-1 was excavated using a trackhoe to determine the condition of the junction 
and any impacts the structure may have had on the surrounding soil (e.g., through leaks).   The potential use 
of contaminated backfill at the time of installation was also a concern at this location. 
 
A wet saw was used to cut through approximately 8 inches of asphalt around the perimeter of the planned 
excavation.  The trackhoe removed the asphalt, and an L-shaped excavation (STM-TR1) was cut over the 
buried storm sewer line (Figure 3-20). The north-east trending leg of the excavation was approximately 12 ft 
long by 8 ft wide and 6 ft deep.  The north-west trending leg was approximately 18 ft long by 4 ft wide and 4 
ft deep.  A 1 ft diameter vitrified clay pipe at a depth of approximately 4 ft bgs was exposed in the north-east 
trending leg.   A light-brown fine-sand backfill was encountered above the pipe, and the bottom half of the 
pipe was set in concrete extending one foot in either direction away from the pipe.  The concrete pad 
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appeared to be set in native, saturated, silty clay. In addition to the 1 ft clay pipe, a buried abandoned 2 ft 
valve was uncovered between 3 and 4 ft bgs. The valve was connected to two 6-inch iron pipes trending 
north-northwest toward building G-1.  A 2 ft by 3 ft abandoned concrete junction box with a metal lid was 
also uncovered just below the asphalt.  There was one inch of water present at the bottom of the excavation.  
Field Photographs 61 and 62 show the storm sewer excavation activities. 
 
Exposed soils were screened by G-M to determine any areas of elevated radioactivity.  The saturated, silty 
clay beneath the 1 ft clay pipe (at a depth of approximately 6 ft bgs) had an elevated reading when screened 
with a G-M and NaI detector.  Consequently, two soil samples were collected from the trench targeting the 
material surrounding the pipe. One sample was collected from the sand backfill above the pipe (at 4 ft bgs) 
and one from the saturated silt/clay material beneath the concrete pipe cradle (at 6 ft bgs).           
 
Soil samples were placed into plastic bags and transferred to the on-site XRF shed for drying and analysis.  
After XRF analysis, the samples were containerized for submittal to the off-site laboratory for analysis of 
various radionuclides by gamma spectroscopy and of isotopic uranium and thorium by alpha spectroscopy.  
A sample container for molybdenum was also collected for each sample and held on-site for potential off-site 
laboratory analysis. 
 
3.7   GROUNDWATER CHARACTERIZATION - IA10  
 
The following sections describe the groundwater characterization activities performed during the RI, 
including an evaluation of existing pre-RI monitoring wells; installation of temporary well points, temporary 
piezometers, and permanent monitoring wells; water level measurements; slug testing; and groundwater 
sampling. 
 
3.7.1  Groundwater Sampling Methods 
 
Groundwater samples were collected using one of the following methods during the Former Harshaw 
Chemical Site RI: 
 
• Bailer; 
• Peristaltic pump (initial screening-level event only); 
• Low-flow bladder pump system; and 
• Low-flow peristaltic pump system. 
 
Disposable Teflon-coated polyethylene bailers were used during the initial screening-level sampling event, 
and during subsequent events whenever groundwater sampling was not possible using any of the pump 
methods listed above.  Water retrieved during bailer sampling was transferred directly to the required 
laboratory sample containers. 
 
Groundwater samples for some existing pre-RI groundwater monitoring wells and new RI temporary well 
points were collected using a peristaltic pump and disposable Teflon-coated polyethylene tubing.  Several of 
the existing pre-RI groundwater monitoring wells had blocked or damaged well riser casing, and thus did not 
allow the bailer to be used. 
 
Low-flow bladder pump systems were used to conduct groundwater sampling during Phase I of the RI.  The 
system components included a battery-powered air compressor, pump control box, stainless steel bladder 
pump (with disposable pump air bladder), and a flow-through water quality parameter meter. 
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Low-flow peristaltic pump systems were used during Phase II to conduct groundwater sampling.  Similar in 
design to the bladder pump system, the peristaltic pump system was suitable for use during the RI since 
VOCs were not included in the laboratory analytical parameters. 
 
Groundwater sample aliquots for total (unfiltered) and dissolved (filtered) metals and radiological parameters 
were collected during groundwater sampling events.  Filtered sample volumes were prepared in the field 
using a 0.45 µm filter prior to sample chemical preservation and shipment to the off-site analytical 
laboratory. 
 
3.7.2  Groundwater Monitoring Well Development Methods 
 
Existing pre-RI groundwater monitoring wells and newly installed RI groundwater monitoring wells were 
developed to ensure representative groundwater samples could be collected.  Monitoring wells were 
developed using a surge block, which removed the sediment present within the well casing. 
 
Well development conducted during the RI continued until the following criteria were met: 
 
• Water was clear to the unaided eye. 
• The sediment thickness remaining within the well was less than 0.1 ft. 
• A minimum removal of five times the standing water volume in the well (to include the well screen and 

casing plus saturated annulus, assuming 30% annular porosity) was achieved. 
• Equalization of required water quality parameters (for three consecutive readings): 

o pH (variation ± 0.2 units); 
o Dissolved oxygen (variation ± 10%); 
o Specific conductivity (variation ± 3%); 
o Temperature (variation ± 1 oC); and 
o Turbidity (variation ± 10%). 

 
To prevent an excessive volume of waste water, the standing water volume criterion was modified to include 
a maximum of eight well volumes if all water quality parameters reached equalization except for turbidity. 
 
3.7.3  IA10 (Groundwater) 
 
The following sections summarize RI data collection activities associated with IA10 groundwater. 
 
3.7.3.1   IA10 Definition 
 
IA10 includes groundwater present in unconsolidated soil saturated zones, generally located north of Big 
Creek and west of the Cuyahoga River (Figure 1-2).  Previous investigations indicated the presence of 
elevated chemical and radiological constituent levels in groundwater in this area.  Based upon groundwater 
flow boundaries represented by the Cuyahoga River and Big Creek, groundwater associated with the 
remainder of the Former Harshaw Chemical Site is not included in IA10. 
 
3.7.3.2   Existing Pre-RI Monitoring Well Evaluation 
 
All existing pre-RI groundwater monitoring wells were evaluated during NIFW activities conducted in 2002.  
During the NIFW phase of the RI, an evaluation of the existing pre-RI groundwater monitoring wells was 
conducted and included the following: 
 
• Verification of the monitoring well locations; 
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• Visual inspection of existing pre-RI monitoring well and protective casing conditions; 
• Measurements of well total depth and water level; and 
• Review of available monitoring well construction documentation. 
 
A total of 27 wells of the 55 wells originally thought to be present at the site were located and identified.  A 
visual inspection assessed the condition of each well, which included assessing the condition of the concrete 
pad (if present), the flush mount casing, the above ground well inner casing, well cap, and lock.  After the 
visual inspection, the radiation level was checked with a meter, and the emissions were checked with a PID.  
If the radiation was higher than the background readings in that area, cloth swipes were taken from the inner 
cap and casing.  
 
A section of PVC pipe, approximately 3 ft long and 1.25 inch in diameter, was connected to a nylon rope, 
lowered to the bottom of the well and retrieved to verify the integrity and vertical alignment of the inner well 
casing.  When possible, the wells were locked and tagged. 
 
Based on the results of these evaluations, existing pre-RI wells considered suitable for re-development and 
potential continuing use during the RI were identified.  Results of the existing pre-RI groundwater 
monitoring well evaluation were incorporated into the Phase I SAP and overall RI groundwater data 
collection program.  The locations of all existing pre-RI monitoring wells are shown on Figure 2-9.  
 
Well construction logs were reviewed, when available, and information such as the depth and geologic 
horizon of the screened interval is included in Table 2-5. 
 
3.7.3.3   Temporary Well Point Installation 
 
A total of 13 temporary well points were installed during Phase I of the RI: 
 
• IA03 - Six temporary well points installed (including two inside Building G-1); 
• IA04 - Six temporary well points installed; and 
• IA05 - One temporary well point installed. 
 
The temporary well points were installed to provide additional collection points for water level 
measurements, and to determine the extent of groundwater contamination identified by the initial screening-
level sampling of historical site wells.  The temporary well points were designed to provide screening-level 
analytical results and water level information. 
 
Temporary well points were installed using the Geoprobe drill rig, and consisted of 1-inch ID PVC screen 
(10 ft long) and riser.  Sand filter pack was installed to the top of the screened interval, and the remainder of 
the borehole annular space was filled with granular sodium bentonite to prevent surface water infiltration. 
 
3.7.3.4   Temporary Piezometer Installation 
 
Temporary piezometer installations were conducted to provide additional groundwater characterization data 
points at the site.   
 
A total of five temporary piezometers were installed in IA04 with one additional piezometer installed in 
IA03.  These six piezometers were intended to provide additional groundwater data collection points to 
determine Cuyahoga River and Big Creek surface water flow influence, future groundwater sampling, and 
geotechnical/geochemical/radiological soil sampling.  Temporary piezometers were installed using the same 
well construction methods and materials as the permanent monitoring wells except for the lack of permanent 
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protective surface casings (flush mount or stick-up).  The current surface completions may be modified to 
permanent surface completions if sample results or site conditions warrant. 
 
During the installation of temporary piezometer IA04-TP0002 (Figure 2-9), safety and health field screening 
activities detected potential methane gas emissions from the piezometer soil boring.  After confirming the 
working conditions were safe and completing the piezometer installation, an air sample was collected for off-
site laboratory analysis to confirm the nature of the gas being emitted.  Laboratory results confirmed the 
presence of methane (detailed results presented in Section 6.6.4).  Field Photograph 63 shows the collection 
of this confirmatory air sample at IA04-TP0002.  A small drill hole was installed in the plastic expansion 
well cap to allow the methane to continue to vent.  Measurements with a portable CGI meter conducted over 
a period of several days after piezometer installation indicated decreasing methane concentrations and no 
long-term safety and health concerns were identified. 
 
During initial installation of IA04-TP0005, similar gas emissions were also detected directly above the open 
borehole, prior to installation of the well casing.  During the final stages of well completion, the piezometer 
casing was compromised and the piezometer was abandoned.  Upon relocation and installation of the IA04-
TP0005 piezometer, no gas emissions were noted.  These gas emissions are interpreted as being associated 
with organic debris within the subsurface at the Old Fill/Native Sediment interface, as described in Section 
2.3.2.2.3.  This layer of organic material is thought to represent vegetation from the former land surface prior 
to placement of the Old Fill at the site.   
 
Figure 2-9 shows the locations of all temporary piezometers and well points installed during the RI.  Results 
of groundwater sampling at temporary piezometer locations are presented in Section 6.6.7. 
 
3.7.3.5   Monitoring Well Installation 
 
Four on-site and five off-site (background) permanent monitoring wells were installed during Phase I of the 
RI (Table 2-5).  The on-site wells are located in IA03 and IA04 (Figure 2-9).  The monitoring wells were 
installed using a hollow-stem auger rig, and were constructed using 2-inch ID PVC casing and screen.  The 
bottom of each well screen was placed no more than 3 ft above the bottom of the drilled borehole.  The 
standard length of screen was 10 ft (5 ft for monitoring wells less than 20 ft bgs).  Screened sections were 
slotted with openings equal to 0.010 inches (#10 slot).  Granular filter pack materials used for well 
installation were selected depending on the gradation of the screened stratum and the screen slot size, in 
accordance with filter pack material requirements presented in ASTM D 5092.  Based on the screen slot size 
of 0.010 inches, the granular filter pack materials used was generally Global Supply No. 5 sand (99.8% 
retained at 0.0117 inch slot size, #50 sieve) (Global 2006).  Approximately 0.2% of Global Supply No. 5 
granular filter pack material could potentially pass through #10 slot well screen and could be available for 
removal during well development and sampling. 
 
Bentonite was used for the creation of an annular seal during monitoring well construction between the lower 
granular filter pack and upper grout seal, and as an additive in grout mixture.  The grout used during 
monitoring well installation was composed of Type I Portland cement with approximately 5% bentonite. 
 
The tops of all monitoring wells were fitted with a securely-fitted well cap to prevent debris and insects from 
entering the monitoring well.  Surface completion installations, consisting of 6-inch diameter iron/steel 
protective casings, were completed for on-site RI monitoring wells.  A concrete pad with a minimum of three 
protective guard posts was installed around each monitoring well.   
 
Off-site background groundwater monitoring wells were finished with flush-mount surface completions to 
prevent potential damage in uncontrolled areas adjacent to the site. 
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Field Photograph 64 shows the final surface completion for a background well installed during Phase I of the 
RI. 
 
3.7.3.6   Groundwater Level Measurements 
 
Static groundwater level measurements were collected from all existing pre-RI and new RI monitoring wells, 
temporary piezometers, and temporary well points during numerous synoptic events completed during Phase 
I, II, and III of the RI to provide data to determine groundwater flow direction, and to support RI 
groundwater modeling activities.  These water level data were also used to evaluate the relationship between 
surface water elevations and flow in the Cuyahoga River and Big Creek and groundwater flow within IA10.  
The data collection rationale for this task was met by the collection of groundwater level measurements 
throughout the RI during the following eleven synoptic events: 
 
• June 3, 2003; 
• July 3, 2003; 
• December 3, 2003; 
• May 23, 2004; 
• August 24, 2004; 
• August 27, 2004; 
• October 21, 2004; 
• December 14, 2004; 
• May 3, 2005; 
• November 16, 2006; and 
• November 17, 2006. 
 
Figure 2-9 shows the locations of all existing pre-RI and new RI monitoring wells, temporary piezometers, 
and temporary well points; a list of wells is presented in Table 2-5.  Section 6.6.5 presents the results for all 
groundwater level measurement events completed during the RI. 
 
3.7.3.7   Slug Testing 
 
Slug testing was performed during Phase I and Phase II to measure the hydraulic conductivity of the 
surrounding geologic material, and to provide data for groundwater saturated zone characterization in the site 
groundwater model (Section 7).   
 
A total of 12 slug tests were performed on existing pre-RI wells during Phase I of the RI.  These events 
included both rising and falling head tests.  During Phase II of the RI, the same tests were performed on four 
existing pre-RI wells (one re-test from Phase I), and another seven newly installed wells (background wells 
and temporary piezometers) for a total of 11 slug tests during Phase II.  RI slug testing was performed on the 
following existing pre-RI and RI wells and/or temporary piezometers: 
 

●  BKA-48 ●  DM-28 ●  IA04-TP0002 
●  BKA-52 ●  DM-22R ●  IA04-TP0004 
●  RMW-38 ●  DM-23R ●  IA04-TP0005 
●  DM-1 ●  DM-25R ●  IA10-MW0001 
●  DM-4 ●  DM-27R ●  IA10-MW0004 
●  DM-9 ●  DM-29R ●  BKG-MW0001 
●  DM-14 ●  DM-30R ●  BKG-MW0005 
●  DM-26   
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The slug test method involved lowering or raising the static water level inside the well casing by removing or 
inserting a cylinder (slug) of known volume.  The return of the water level to a pre-test static level was then 
measured over time.  The change in water level over time was plotted on a logarithmic scale to determine 
hydraulic conductivity (K).  K is a function of the formation permeability and the fluid in the formation, and 
is influenced by well construction. 
 
3.7.3.8   Phase I and II Groundwater Sampling 
 
Groundwater samples were collected during Phase I and Phase II to characterize site groundwater conditions 
and to define the extent of MED/AEC contamination.     
 
Phase I groundwater samples were submitted for laboratory analysis of COI radionuclides during an initial 
screening-level sampling event.  This initial sampling event consisted of collecting one sample for 
radiological COIs from each existing pre-RI well.  Wells with total uranium results above 30 µg/L from the 
initial screening-level sampling were included in subsequent sampling events.  The screening-level sampling 
also supported decisions regarding the installation of new monitoring wells, temporary piezometers, and 
temporary well points during the RI.  During subsequent sampling events in Phase I, groundwater samples 
were submitted for COI metals, kerosene (TPH-DRO), and COI radionuclides.  Phase II groundwater 
samples were submitted for laboratory analysis of COI radionuclides.  Phase II samples were not analyzed 
for metals or kerosene because Phase I groundwater results indicated no metals or kerosene contamination 
was present. 
 
Field Photograph 65 shows groundwater samples being collected using low-flow techniques.  Section 6.6.7 
presents the analytical results for all groundwater samples collected during the RI. 
 
A total of 61 groundwater samples were collected from 43 historical and RI wells, as well as from temporary 
well points during Phase I of the RI.  A subset of the wells were sampled on multiple dates, based on 
analytical results from the screening-level sampling event and subsequent sampling events.  Field 
Photograph 66 shows field crews performing well development on a historical well (DM-28R) prior to 
subsequent purging and groundwater sampling.   
 
An additional 32 groundwater samples were collected from 31 historical and RI wells, as well as from 
temporary piezometers and well points during Phase II of the RI.  Figure 2-9 shows the locations of all RI 
groundwater sample locations. 
 
3.7.3.9   Phase IV Groundwater Sampling 
 
Groundwater samples were collected from both on-site wells and from background wells installed during 
previous RI phases discussed above.  Groundwater samples were collected for both filtered and unfiltered 
sample analysis (pending sufficient volume) and analytical parameters included: 
 
• Technetium-99 (liquid scintillation); 
• Gross alpha/gross beta (SW846 9310 Modified); 
• Isotopic uranium (alpha spectroscopy and SW846 6020 ICP-MS); 
• Isotopic thorium, isotopic plutonium, neptunium-237, and americium-241 (alpha spectroscopy); 
• Cesium-137, europium-152, europium-154, actinium-227, protactinium-231, potassium-40, uranium-

235, and uranium-238 (gamma spectroscopy); and 
• Radium-226 and radium-228 (gas flow proportional counting [GFPC]). 
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Wells known to produce a sufficient volume of water were sampled utilizing the low-flow technique with 
proper water quality parameters recorded to ensure stabilization at the time of sampling.  Those identified 
wells contain both unfiltered and filtered (in-line 0.45 µm filter) samples.  Data for unfiltered groundwater 
samples were used for risk evaluations, whereas filtered data were used in contaminant fate and transport 
modeling.  Those wells known to produce only limited water volume were sampled by means of purging the 
well dry via a peristaltic pump until sufficient volume was obtained to conduct the minimum analytical 
parameters for determining if they were impacted by recycled uranium-related radionuclides.  
 
Fifteen of the available on-site wells were selected as being the most probable to show impacts to 
groundwater from potential recycled uranium-related contaminants.  These selections were based on 
contaminant mobility in groundwater, proximity to potential source areas, and groundwater flow and 
transport characteristics modeled and observed during previous RI phases.  A total of fifteen locations and 
seventeen samples were selected for laboratory analysis. 
 
3.8   INVESTIGATION-DERIVED WASTE 
 
IDW samples were collected to characterize waste materials generated during the RI for waste disposal.  All 
IDW was labeled and containerized as it was generated and is stored on-site until it is safely removed from 
the site for disposal as per the IDW Characterization and Disposal Plan (SAIC 2007a).  The last IDW waste 
removal was in June of 2007. 
 
RI-generated IDW was categorized as solid or liquid IDW.  Solid IDW encompasses all non-liquid wastes 
generated during intrusive activities and includes excess soil cuttings, concrete/asphalt corings, and spent 
PPE and acetate soil sample liners.  Liquid IDW includes water from well development/sampling activities, 
as well as drilling/sampling equipment decontamination waste water. 
 
A total of nine solid IDW samples and two liquid IDW samples were collected and submitted for laboratory 
analysis of waste characterization parameters based on WAC included in the Investigation-Derived Waste 
Characterization and Disposal Plan (SAIC 2007a).  Tables 3-9 and 3-10 present the parameters analyzed for 
solid and liquid IDW. 
 
RI IDW was segregated into seven different waste streams based on the type of material and the mode of 
waste generation.  Waste streams were used to segregate IDW for final disposal and to determine IDW 
sample collection activities.  Table 3-11 presents a summary of RI IDW based on the seven waste streams.  
Each waste stream is further divided into composite groups for sample collection. 
 
Section 6.7 presents the analytical results for all IDW samples collected during the RI and addresses final 
disposal of all IDW generated during the RI. 
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4.   REMEDIAL INVESTIGATION LABORATORY ANALYTICAL 
SUMMARY 

 
The RI SAP (SAIC 2003b), Phase II SAP Addendum (SAIC 2004), Thorium Data Gap SAP Addendum 
(SAIC 2006b), and Phase IV QAPP (SAIC 2007b) included the collection and analysis of the following 
types of samples: 
 
• Soil; 
• Sediment; 
• Surface water; 
• Groundwater; 
• Smears; 
• Building materials; 
• Dust; 
• Air; and 
• Personal air monitoring filter disks. 
 
Field screening of samples was conducted primarily for health and safety reasons, but also to support the 
observational sampling approach. 
 
Samples were collected and analyzed according to the project-specific requirements of the RI SAP (SAIC 
2003b), Phase II RI SAP Addendum (SAIC 2004) Thorium Data Gap SAP Addendum (SAIC 2006b), and 
Phase IV QAPP (SAIC 2007b).  The RI QAPP was included as Volume II of both documents.  Additionally, 
analytical activities performed at the on-site BEGe laboratory were performed in accordance with the 
Laboratory Quality Assurance Plan for the Harshaw Onsite Radiological Laboratory (SAIC 2003f). 
 
In addition, on-site XRF analyses of samples were performed during Phase III of the RI.  These analyses 
were in accordance with the SOP (Appendix 1B) of that investigation.  An in depth analysis of the XRF was 
conducted to evaluate its performance as a field instrument, which is summarized in Section 4.4 (entire 
evaluation can be found in Appendix 4). 
 
The following sections present the project quality objectives, an overview of the analytical program, and a 
summary of the analytical data quality evaluation. 
 
In summary, even though the contracted laboratories may have varied, or different instrumentation was 
utilized, the same basic methodology was practiced for quality objectives and assurance in each phase of the 
RI. 
 
4.1   PROJECT QUALITY OBJECTIVES 
 
General quality objectives for this RIR are as follows: 
 
• To provide data of sufficient quality and quantity to assess the nature and extent of contamination present 

in all media within the defined areas of the Former Harshaw Chemical Site RI;  
• To ensure samples are collected and analyzed using approved techniques and methods, and that samples 

are representative of existing site conditions; and 
• To specify QA/Quality Control (QC) procedures for both field and laboratory methodology to meet the 

USACE and other applicable guidance document requirements. 
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DQIs are qualitative and quantitative statements that specify the quality of data required to support decisions 
made during investigation activities.  DQIs are based on the end uses of the data being collected, which are 
the overall project DQOs presented in Appendix 1E.   
 
The RI QAPP presented the DQIs for data precision, accuracy, representativeness, completeness, and 
comparability (PARCC), as well as requirements for measurement sensitivity.  
 
4.1.1  Level of Quality Control Effort 
 
Analysis of specific field and laboratory QC samples (including field duplicates, laboratory method blanks, 
laboratory control samples, laboratory duplicates, rinsate blanks, source water blanks, and matrix 
spike/matrix spike duplicate [MS/MSD] samples) was performed to assess whether QA objectives have been 
achieved.  Field and laboratory QC samples were collected in support of Project Objectives 1, 2, 3, 4, 9, and 
10, which address the nature and extent of MED/AEC-related radiological and chemical contamination in 
soil, groundwater, surface water, sediment, and building materials.  The QC samples are described in the RI 
QAPP, and a summary of the QC samples collected is provided in Table 1E-22 in Appendix 1E; the 
information from Table 1E-22 is summarized below.  Additionally, prior to collection of samples, 
sensitivities of field and laboratory methods were assessed to determine if procedures and instrumentations 
being used could achieve levels of detection required to meet DQOs established for the project.   
 
Field duplicates, which were collected and analyzed to determine sample homogeneity and sampling 
methodology reproducibility, were required to be collected and analyzed at a frequency of 10% per sample 
matrix.  In the Phase I SAP and Phase II SAP Addendum, requirements for field duplicates were assigned by 
IA.  During Phase I, field duplicates were considered to be applicable only to the samples designated to meet 
the risk assessment data need, and not to samples analyzed only at the on-site BEGe laboratory, as reflected 
in the data collection summary tables from the Phase I SAP and in Table 1E-22 in Appendix 1E.  During 
Phase II, field duplicate sample requirements were expanded to include samples analyzed at the on-site 
BEGe laboratory, since the laboratory was certified by USACE (Section 4.2.2).  The overall field duplicate 
sampling requirements of the Project Objectives were met.     
 
Rinsate blanks and water source blanks were used to assess the effectiveness of field decontamination 
processes in conjunction with water source blanks of the site potable water source used for decontamination.  
Two water source blanks were collected and analyzed (Section 3.2.4).  As outlined in the Phase I QAPP, no 
rinsate blanks were required for soil sampling or during groundwater sampling when dedicated sampling 
equipment was used.  Because dedicated sampling equipment was used for groundwater sampling, no rinsate 
blanks were collected.  This QC portion of the above-mentioned Project Objectives was met. 
 
Field QA split samples were collected as collocated or homogenized replicates of field samples and 
distributed to the designated USACE QA laboratory for analysis. These QA laboratories provided an 
independent laboratory analysis, allowing the USACE to check the primary analytical results, sensitivity, 
accuracy, and precision.  These QA split samples were collected and analyzed at a frequency specified by 
USACE (approximately 5%, or a minimum of one split sample per matrix sampled).  This QA portion of the 
above-mentioned Project Objectives was met. 
 
Laboratory method blanks were analyzed to determine if samples could have been affected by laboratory 
contamination during preparation, analysis, or cleanup procedures.  Laboratory control samples/laboratory 
control sample duplicates (LCSs/LCSDs) were employed to determine the accuracy and precision of the 
analytical method implemented by the laboratory without the presence of environmental sample matrix 
effects.  MSs provide information about the effect of the sample matrix on the measurement methodology.  
Laboratory sample duplicates and MSDs assist in determining the analytical precision of the analysis for 
each batch of project samples.  One MS/MSD sample was designated in the field and collected for at least 
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every 20 investigative samples.  Each off-site analytical laboratory (GEL or Test America [TA]) was 
required to perform MS/MSD analyses for at least 1 in every 20 samples, and thus this QC portion of the 
above-mentioned Project Objectives was met.   
 
The QC effort for in-field measurements, including organic vapor concentrations and radiation levels, 
included daily calibration of instruments using NIST-traceable standards and approved in-house SOPs.  
Daily calibration checks were also performed on all radiation detection field meters.   
 
4.1.2  Accuracy, Precision, and Sensitivity of Analysis 
 
The fundamental QA objectives for accuracy, precision, and sensitivity of laboratory analytical data are the 
QC acceptance criteria of the analytical protocols.  Accuracy and precision summaries, typical sensitivities, 
batch level QC acceptance criteria, and sample level QC acceptance criteria were presented in Section 3 of 
the RI QAPP (part of the RI SAP [SAIC 2003b], Phase II SAP Addendum [SAIC 2004], Thorium Data Gap 
SAP Addendum [SAIC 2006b], and Phase IV QAPP [2007b]).  Results of the analysis of each of these 
parameters are presented in Section 4.3. 
 
Accuracy is the nearness of a result, or the mean of a set of results, to the true or accepted value.  Analytical 
accuracy is expressed as the percent recovery of an analyte that has been added to a blank sample or 
environmental sample, at a known concentration, during sample preparation.  Accuracy was determined in 
the laboratory through the use of MS and LCS analyses.  The percent recoveries for specific target analytes 
were calculated and used as a QC indication of the field procedures, matrix effects, and accuracy of the 
analyses performed. 
 
Precision is the measure of the degree of reproducibility exhibited by a set of replicate results, or the 
agreement among repeat observations made under the same conditions.  Analytical precision was determined 
through the use of spike analyses conducted on duplicate pairs of environmental samples (MS/MSD) or 
comparison of lab duplicate responses.  The relative percent difference (RPD) between two positive results 
was calculated and used as a QC indication of the field procedures, matrix effects, and precision of the 
analyses performed.  
 
Sample collection precision was measured in the laboratory by the analyses of field duplicates.  Precision 
was assessed during data evaluation and recorded as the RPD for two positive measurements of a given 
analyte.  Laboratory precision was assessed by the off-site QA laboratory GEL using their established 
procedures documented in the GEL Quality Assurance Plan or in GEL’s Radiochemistry Procedures 
Manual.  The procedure followed generally conforms to the Multi-Agency Radiological Laboratory 
Analytical Protocols (MARLAP) Manual (NRC 2004) and meets or exceeds that guidance. 
 
Sensitivity is the ability for a field measurement method or laboratory analytical method to achieve the 
minimum levels of detection required for meeting DQOs established for the project in the QAPP. Among the 
DQOs established in the QAPP are ALs specific to each parameter and environmental medium being 
analyzed during the investigation.  Sensitivities were determined for each field and laboratory measurement 
method at the start of the project, through an evaluation of field instrument capabilities and laboratory 
method-specific practical/estimated quantitation limits (PQLs/EQLs), respectively.  For laboratory methods, 
project-required laboratory reporting limits (RLs) were specified in the QAPP, which are approximately 
equal to method PQLs/EQLs.  The analytical sensitivity of each method must allow for project-required RLs 
that are either less than or equal to the ALs.  All RLs reported by the laboratory must be supported by 
method detection limit (MDL) studies, which are performed by the laboratory on a regular basis, and do not 
consider the effects of environmental sample matrix.  For this project, all detected results were reported by 
the laboratory down to the MDL, with concentrations greater than the MDL and less than the RL being 
qualified as estimated values.  All non-detects were reported down to the corresponding RL.  Factors that 
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could result in an elevation of RLs include, but may not be limited to the following: a sample dilution needed 
to bring analyte concentrations to within the corresponding method/instrument calibration range; a sample 
dilution to minimize the effects of matrix interferences; the presence of chemical/spectral interferences; and 
insufficient sample volume collected for laboratory analysis.  
 
4.1.3  Completeness, Representativeness, and Comparability 
 
Completeness is a measure of the amount of valid data obtained from a measurement system compared to the 
amount of data expected under normal conditions.  The overall project completeness goals of 90% for each 
laboratory analysis (set in the RI QAPP) accounted for the potential for sample losses (e.g., due to breakage) 
and potential data losses (e.g., due to severe matrix interferences).  Completeness goals for field methods 
were set at 95%.  Both completeness goals were met.   
 
Representativeness expresses the degree to which data accurately and precisely represents a characteristic of 
a population, parameter variations at a sampling point, a process condition, or an environmental condition.  
Representativeness is a qualitative parameter that depends upon the proper design of the sampling program 
and proper laboratory protocol.  Representativeness for this project was determined by assessing the 
combined aspects of the QA program, QC measures, and data evaluations.  Representativeness was achieved 
by following the sampling approach designed to provide data representative of site conditions.  As detailed in 
the RI SAP (SAIC 2003b), Phase II SAP Addendum (SAIC 2004), Thorium Data Gap SAP Addendum 
(SAIC 2006b), and Phase IV QAPP (2007b), the sampling approach considered site history, past waste 
disposal practices, existing analytical data, physical setting and processes, and constraints inherent to this 
investigation.  The use of proper sampling techniques, following appropriate analytical procedures, and 
meeting holding times supported the achievement of the representativeness DQI.  
 
Comparability expresses the confidence that one data set can be compared against another.  The extent to 
which existing and planned analytical data shall be comparable depends upon the similarity of sampling and 
analytical methods.  The procedures used to obtain the analytical data for this project were expected to 
provide comparable data. 
 
4.2   LABORATORY ANALYTICAL PARAMETERS AND METHODS 
 
Samples were analyzed by independent off-site laboratories under contract to the Parsons Team (Phase I), 
SAIC, and USACE.  In addition to the off-site laboratories, in Phase I and II an on-site BEGe laboratory was 
utilized, and in Phase III an on-site XRF laboratory was used for additional analysis.  The on-site BEGe is 
discussed in depth below in Section 4.2.2.  The XRF instrumentation was evaluated and this in depth analysis 
is located in Appendix 1B and summarized in Section 4.4.  The analytical laboratories, parameters, and 
methods are provided in Appendix 1D.  Strict adherence to the requirements set forth in the RI QAPP (part 
of the RI SAP [SAIC 2003c], Phase II SAP Addendum [SAIC 2004], Thorium Data Gap SAP Addendum 
[SAIC 2006], and Phase IV QAPP [2007c]) was required of the analytical laboratories, including the on-site 
BEGe  and XRF laboratories, so quality-adverse conditions would not arise.   
 
4.2.1  Off-Site Analytical Laboratories 
 
All analytical samples collected were analyzed by laboratories that were reviewed and validated by the 
USACE Hazardous, Toxic, and Radioactive Waste (HTRW) Center of Expertise (CX), Omaha, Nebraska.  
The primary off-site project analytical laboratories were GEL in Charleston, South Carolina (Phases I-III), 
which utilized a subcontracted laboratory to perform asbestos analyses, and TA in Earth City, MO (Phase 
IV).  QA split samples were analyzed by the designated USACE QA Laboratory, Severn Trent Laboratories 
(STL) in St. Louis, Missouri (Phases I-III) and GEL (Phase IV).  STL in Pensacola, Florida was utilized for 
analysis of one air sample collected to provide data for health and safety purposes.   
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Laboratory SOPs are based on the methods as published by the USEPA in Test Methods for Evaluating Solid 
Waste, Physical/Chemical Methods SW846, Third Edition (USEPA 1996d). 
 
Data evaluation was accomplished by comparing the contents of the data packages and QA/QC results to 
requirements contained in the requested analytical methods.  The protocol for analyte data review is 
presented in: 
 
• Parsons Team Quality Assurance Procedures for Data Management; 
• Chemical Quality Assurance for HTRW Projects, EM-200-1-6 (USACE 1997); 
• Risk Assessment Handbook: Volume I: Human Health Evaluation, EM-200-1-4 (USACE 1999); 
• MARLAP Manual (NRC 2004); 
• USEPA National Functional Guidelines for Organic Data Review (USEPA 1994e); and 
• USEPA National Functional Guidelines for Inorganic Data Review (USEPA 1994d). 
 
The data evaluation procedures and results are detailed in Section 4.3. 
 
4.2.2  On-Site BEGe Laboratory 
 
SAIC established the necessary specifications for and procured a complete on-site BEGe laboratory to 
provide timely laboratory analyses and to limit the amount of samples transported to off-site laboratories.  
SAIC developed a Laboratory Quality Assurance Plan (LQAP) and SOPs consistent with USEPA and 
USACE policies and guidance.  The on-site BEGe laboratory system, laboratory process, LQAP, and 
associated SOPs were subjected to USACE HTRW-CX audit and were validated in January 2004. 
 
The on-site BEGe laboratory provided gamma spectroscopy results approximately 24 hours after sample 
collection in support of the observational approach to soil sampling.  The quick turnaround and prioritization 
allowed for near real-time direction of soil sampling activities.  Field decisions associated with the nature and 
extent of radiological soil contamination were made during the field sampling activities, leading to the most 
efficient use of drilling subcontractors and equipment during field mobilizations.  The quantitative data 
generated by the on-site BEGe laboratory also allowed for radiological characterization of all samples prior 
to transport to off-site laboratories to ensure compliance with federal shipping requirements. 
 
The on-site BEGe laboratory employed a liquid nitrogen cooled BEGe detector to measure the activity of 
radionuclides in soil using gamma spectroscopy.  The laboratory also includes a sample preparation High 
Efficiency Particulate Air (HEPA) hood and drying oven to enable full sample homogenization and 
consistent counting geometry.  The following actions were performed to maintain and verify the on-site 
BEGe laboratory data accuracy for providing definitive radiological results: 
 
• Site-specific SOPs were developed and approved; 
• QC checks are routinely performed to verify system operation; 
• An internal (SAIC) QA audit was conducted; 
• A lab validation audit was performed by the USACE HTRW-CX; and 
• A correlation study was performed using RI soil sample results from the on-site BEGe laboratory and 

off-site laboratory. 
 
4.2.2.1   On-Site BEGe Laboratory Correlation Study 
 
The following discussion presents the results of the evaluation of on-site BEGe laboratory and off-site 
laboratory gamma spectroscopy results associated with soil samples collected during Phase I of the RI.  On-
site analyses were conducted using the on-site BEGe laboratory, and off-site analyses were conducted by 
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GEL.  The objectives of this evaluation were to determine the degree of correlation between on-site and off-
site results and whether the on-site BEGe laboratory analyses provide accurate, defensible, and definitive 
radiological data suitable for use in the RI BRA and potential future remedial activities. 
 
4.2.2.1.1   Data Set Characteristics 
 
On-site and off-site gamma spectroscopy analyses were conducted using laboratory procedures consistent 
with the DOE Environmental Measurements Laboratory Procedure Manual, HASL-300 (DOE 1997a).  
Although a subset of the samples included in this evaluation were also analyzed using alpha spectroscopy at 
the off-site laboratory, data from this method of analysis were not included in this evaluation because the 
alternate method does not allow for a direct comparison of data. 
 
The radionuclides addressed in this evaluation include radium-228, uranium-235, and uranium-238.  On-site 
and off-site data used in the correlation of these isotopes were compiled from a total of 151 sample locations 
from the following investigative areas: 
 
• Background – 27 sample locations; 
• IA03 – 42 sample locations; 
• IA04 – 14 sample locations; 
• IA05 – 18 sample locations; 
• IA06 – 9 sample locations; 
• IA07 – 36 sample locations; and 
• IA09 – 5 sample locations. 
 
Some sample locations included in this evaluation were biased to areas with known elevated gamma activity, 
but other locations were included to represent a wide range of gamma activity levels at the site.  
 
To ensure meaningful results and conclusions, the constituent-specific data pairs used in the evaluation were 
limited to sample pairs for which both the on-site and off-site reported activities were greater than their 
corresponding maximum detectable activities (MDAs).  Table 4-1 presents a summary of the constituent-
specific data used in the correlation analyses. 
 
Since many statistical tests are only appropriate for data that follow a particular distribution, the constituent-
specific datasets were tested for normality using the Shapiro-Wilk normality test, which is similar to 
computing a correlation between the quantities of the standard normal distribution, and the ordered values of 
a data set (USEPA 2000c).  Each constituent-specific dataset was tested for normality and lognormality.  
Based on the results of the normality test it, was determined that all constituent-specific correlation datasets 
were neither normal nor lognormal (Table 4-1); therefore, the data were assumed to be nonparametric.  
 
4.2.2.1.2   Comparison Methodology and Results  
 
The on-site and off-site gamma spectroscopy results were subjected to a correlation analysis and evaluated 
on a sample-specific basis to determine whether the on-site BEGe laboratory analyses provide accurate, 
defensible, and definitive radiological data.  
 
Correlation Analysis 
 
Since the constituent-specific datasets were determined to be neither normal nor lognormal, Spearman Rank 
correlations (nonparametric equivalent of Pearson’s Correlation) were selected to assess the correlation 
between the constituent-specific datasets.  Spearman Rank correlation coefficients are computed from the 
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ranks of the data values rather than from the values themselves; consequently, the coefficients are less 
sensitive to outliers.  The correlation coefficient (r) ranges between -1 and +1 and is a measure of the 
strength of the association between the variables.  Probability values (p-values) below 0.05 indicate 
statistically significant non-zero correlations at the 95% confidence level.  
 
If the correlation coefficient for on-site versus off-site data indicates a strong correlation (i.e., greater than or 
equal to 0.9), then the on-site data should be considered comparable in data quality to the off-site data and 
therefore suitable for use in the risk assessment.  If the correlation coefficient for on-site versus off-site data 
does not indicate a strong correlation (i.e., less than or equal to 0.7), then the on-site data would not be 
considered comparable in data quality to the off-site data.  If the correlation coefficient is between 0.7 and 
0.9, the correlation results are considered inconclusive.  The results of the population correlations are 
presented in Table 4-2. 
 
All correlations are statistically significant at the 95% confidence level (i.e., p-value < 0.05).  Apparent from 
the results of the correlation analysis, the on-site and off-site uranium-235 and uranium-238 results are 
strongly correlated (i.e., r greater than or equal to 0.9).  The correlation coefficient for radium-228 falls 
within the 0.7 to 0.9 inconclusive range, but still shows a moderately strong correlation. 
 
Sample-Specific Comparison 
 
In addition to the population comparisons, the paired on-site and off-site results were compared on a sample-
specific basis.  The on-site and off-site results were compared by calculating the normalized absolute 
difference between the paired results.  To determine whether the normalized absolute difference was 
acceptable, the calculated normalized absolute difference was compared to ±1.96, which represents a 
confidence level of 95%.  If the normalized absolute difference was less than 1.96 or greater than -1.96, it 
could be concluded there was not a significant difference between the on-site and off-site results at the 95% 
confidence level.  The normalized absolute difference was calculated using the following equation: 
 

(XGEL -  XHAR) 
Normalized absolute difference = 

((2-ΟGEL)2 + (2-ΟHAR)2)1/2 
 
where: 
 
XGEL = Reported result from off-site laboratory (pCi/g) 
XHAR = Reported result from on-site BEGe laboratory (pCi/g) 
2-ΟGEL = Reported 2-sigma uncertainty from off-site result (pCi/g) 
2-ΟHAR = Reported 2-sigma uncertainty from on-site result (pCi/g) 
 
The results of the sample-specific comparisons are presented in Table 4-3. 
 
As a result of this analysis, 95% (243 of 255) of radium-228 data pairs, 85% (33 of 39) of uranium-235 data 
pairs, and 92% (98 of 107) of uranium-238 data pairs were within ±1.96.  Samples with normalized absolute 
differences greater than 1.96 or less than -1.96 were generally observed for constituent-specific pairs with 
relatively high reported activities.  
 
Discussion of Results 
 
The results of the correlation analyses and sample-specific comparisons generally agree well.  With respect 
to radium-228, there appears to be a slight discrepancy between the results of the correlation analyses and the 
sample-specific analyses; good agreement between the sample-specific radium-228 results was observed 
with only a moderately strong correlation among the population (r = 0.85).  The apparent discrepancy 
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between the correlation and sample-specific analyses can be attributed to the relatively small range of 
reported activities and the use of the nonparametric correlation analysis.  Since the Spearman Rank analysis 
only uses the relative ranks of the reported results as opposed to the magnitude of the difference between the 
reported results, the tight distribution of reported activities provides for potentially greater variability among 
the ranks of the data, even though the relative difference between the results is small. 
 
With respect to uranium-235 and uranium-238, the correlations were strong (r>0.9); however, the 
corresponding agreement between sample-specific uranium-235 (and to a lesser extent, uranium-238) results 
showed proportionally more variability.  The paired results that showed a significant difference were 
typically associated with samples with relatively high reported activities among both paired results.  
Therefore, even though there is a significant difference between the reported results, the relative ranks of the 
data show good agreement. 
 
Based on the results of the correlation analyses and sample-specific data comparisons for the paired on-site 
and off-site gamma spectroscopy results, it appears that the on-site BEGe laboratory provides comparable 
data to the off-site analytical laboratory.  However, this comparison only evaluated sample pairs for which 
both the on-site and off-site reported activities were greater than their corresponding MDAs (i.e., detected 
results). 
 
To further ensure the suitability of the on-site BEGe laboratory results for use in the risk assessment, an 
additional evaluation of MDA values for samples with non-detected results (i.e., reported activities less than 
the corresponding MDA) was conducted.  This evaluation was conducted to address the potential for a 
significant number of elevated MDA values associated with non-detected results.  Generally, the MDAs from 
the on-site BEGe laboratory are higher than the MDAs from the off-site laboratory.  The differences in the 
MDAs obtained by the on-site and off-site laboratories can be attributed to many factors such as sample 
count times, types of detectors, background count times, background subtraction values, and sample 
geometry.  The factors that contribute the greatest impact are the gamma spectroscopy library and the sample 
count time.  Commercial laboratories typically have large gamma spectroscopy libraries (increased number 
of energy lines) which may reduce the MDA value when compared to the library used on-site.  In addition, 
the on-site BEGe laboratory sample count time of 20 minutes was significantly shorter than the 4-hour count 
time used by the off-site laboratory.  The on-site sample count time utilized during the RI was influenced by 
the need to provide relatively short data turn-around while still providing sample MDA values that met RI 
data quality objectives. 
 
If the on-site BEGe laboratory is to be used for analyzing sampling during possible future characterization or 
remediation sampling at the site, the count time and associated MDAs may be adjusted in accordance with 
applicable screening levels or cleanup goals. 
 
4.2.2.1.3   Conclusions 
 
Based on the results of the correlation and sample-specific comparison of detected on-site and off-site 
gamma spectroscopy results, the on-site analyses provide accurate, defensible, and definitive radiological 
data suitable for use in the risk assessment. 
 
4.3   ANALYTICAL DATA QUALITY 
 
Sampled media included soil, groundwater, surface water, sediment, and building materials.  All 
environmental and building material samples collected from the site were submitted to off-site laboratory 
GEL in Charleston, South Carolina (Phases I-III) or TA in Earth City, MO (Phase IV) for definitive analyses 
of organic, inorganic and radiochemistry parameters. 
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Upon completion of laboratory analyses, data reporting, in-house data reduction, data review, and data 
quality assessment, each Laboratory Project Manager submitted the data to the Parsons Team, SAIC Team, 
or USACE in the form of electronic data deliverables (EDDs) for entry into the project database along with 
the laboratory’s qualifiers.  Additionally, each lab submitted laboratory reports (hardcopies) in a format and 
content consistent with an USEPA Level III deliverable (data forms including laboratory QC and calibration 
information).  As required by the RI QAPPs (part of the RI SAP [SAIC 2003b] and Phase II SAP Addendum 
[SAIC 2004], Thorium Data Gap SAP Addendum [SAIC 2006], and Phase IV QAPP [2007c]), laboratory 
report submittals included hard copies and electronic files in portable document format (pdf).   
 
Data verification and validation were performed by the Parsons Team (Phase I) and USACE (Phase II-IV), 
respectively, for each sample delivery group (SDG) to determine the usability of analytical results by 
identifying out-of-control data points and data omissions.  An overview of the data review process 
implemented during both the Phase I verifications and Phase II validations is provided in Section 4.3.1.  The 
data review process included reviews of the QC categories specified in the RI QAPPs.  During the process, 
data quality issues were identified, some of which required the application of data qualifiers to affected 
sample results indicating usability of those results in this RIR, while other issues did not require the 
application of qualifiers.  Occasional interactions with the laboratory were necessary to correct reporting 
deficiencies.  The following is a list of qualifiers that were applied during data verification and validation, 
and their definitions: 
 
• U = analyte not detected above the level of the reported sample quantitation limit.   
• J = analytical result is an estimated quantity.  The associated numerical value is the approximate 

concentration of the analyte in the sample.   
• UJ = analyte not detected.  The reported quantitation limit is approximate and may be inaccurate or 

imprecise.   
• R = analytical result is unusable.  The sample results are rejected due to serious deficiencies in meeting 

QC criteria.  The analyte may or may not be present in the sample.   
 
In Phase III, the GEL laboratory used an additional qualifier for uncertain identification (“UI”) of an analyte.  
However, the frequent occurrence of UI qualifiers for gamma spectroscopy in GEL’s laboratory packages 
was noted for both archived samples and samples collected during Phase III.  The project team discussed the 
usability of these data for meeting the needs and objectives of the investigation, and decided UI flagged 
results were considered "rejected" (R), both from an analytical standpoint (as indicated by GEL), and from a 
usability standpoint, due to the uncertain identification and quantification of peaks.  The UI flagged results 
did not represent all results identified as “rejected” during the data validation process. 
 
4.3.1  Process Overview 
 
All laboratory data packages were initially reviewed upon receipt to ensure all required information had been 
provided by the laboratory.  This information included: 
 
• Cover sheets listing the samples included in the report, chain of custody forms establishing the 

authenticity of each sample, and narrative comments describing problems encountered, if any, in 
analysis; 

• Tabulated results of inorganic, organic, radiological, and miscellaneous parameters identified and 
quantified, which included laboratory flags to identify concentrations reported below required reporting  
limits, estimated concentrations due to poor spike recoveries, and the identity  of chemicals also detected 
in laboratory blanks;  
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• Analytical results for QC sample spikes, sample duplicates, initial and continuing calibrations, 
verifications of standards and blanks, standard procedural blanks, LCSs, and other deliverables as 
identified in Section 11.3 of the QAPP, Revision 3 (SAIC 2003c); and 

• Tabulation of MDLs determined in pure water. 
 
After each data package was reviewed for completeness of information, a data review of the entire primary 
data set was performed following a systematic process for verification and evaluation to ensure the precision 
and accuracy of the analytical data were adequate for their intended use.  The greatest uncertainty in a 
measurement is often a result of the sampling process and inherent variability in the environmental media 
rather than the analytical measurement.  Therefore, the analytical data verifications and validations were 
performed only to the level necessary to support report writing and the correct preparation of the data for use 
in this RIR and BRA.  Emphasis was placed on the minimization of the potential for using false positive or 
false negative results in the decision-making process (i.e., to ensure accurate identification of detected versus 
non-detected constituents).  This approach is consistent with the DQOs established for the project and the 
associated analytical methods. 
 
Data verification and validation were accomplished by comparing the contents of the data packages and 
QA/QC results to requirements contained in the RI QAPPs (part of the RI SAP [SAIC 2003b], Phase II SAP 
Addendum [SAIC 2004], Thorium Data Gap SAP Addendum [SAIC 2006b], and Phase IV QAPP [SAIC 
2007b]) and the requested analytical methods.  The protocol for analyte data review is presented in: 
 
• SAIC Quality Assurance Technical Procedures for Data Validation; 
• Chemical Quality Assurance for HTRW Projects, EM-200-1-6 (USACE 1997); 
• Risk Assessment Handbook: Volume I: Human Health Evaluation, EM-200-1-4 (USACE 1999); 
• MARLAP Manual (NRC 2004); 
• USEPA National Functional Guidelines for Organic Data Review (USEPA 1994e); and 
• USEPA National Functional Guidelines for Inorganic Data Review (USEPA 1994d). 
 
In accordance with the RI QAPP, data were evaluated for compliance with established QC criteria based on 
the following review categories: 
 
• Holding times; 
• Blanks; 
• LCSs; 
• Surrogate recovery (organic methods); 
• Internal standards (primarily organic methods); 
• Isotopic tracers (radionuclide methods); 
• Inductively coupled plasma or atomic absorption QC; 
• Calibration; 
• Sample reanalysis; 
• Secondary dilutions; and 
• Laboratory case narrative.  
 
Consistent with the data quality requirements, as defined by the DQIs presented in Table 1 of the RI QAPP, 
all project data and associated QC were evaluated on these categories and qualified accordingly.  During the 
review of each SDG, lab-applied data qualifiers were evaluated, defined, and explained.  Information 
resulting from the review of each SDG is provided in the Quality Control Summary Report (QCSR), 
consisting of the Phase I data verification summaries and Phases II-IV data validation summaries, which are 
presented in Appendix 1A.  The summaries contain documentation consistent with the above review 
categories.   
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4.3.2  Results of Phase I Data Verification and Phase II Data Validation 
 
Tables 4-4 and 4-5 summarize data quality issues identified for Phase I groundwater/surface water data and 
soil/sediment/building material data, respectively, by QC review category.  Tables 4-6 and 4-7 summarize 
data quality issues identified for Phase II groundwater/surface water data and Phase II soil/sediment data, 
respectively, by QC review category.  Along with data issues, the actions taken by data review staff, applied 
data qualifiers, sample matrix, affected parameters, and affected SDGs are also presented.  The listing of a 
SDG in the tables does not necessarily imply that all samples within that SDG were affected.  Sample-
specific information is presented in the Phase I data verification summaries and Phase II data validation 
summaries in Appendix 1A.  Also, Appendix 1D data tables provide sample IDs contained within each SDG. 
 
In summary, it was determined that all Phase I and Phase II data are usable for inclusion in this RIR and 
BRA.  Only minor deficiencies were encountered that resulted in the qualification of some results as 
estimated (“J” for detected results; “UJ” for non-detects).  No major deficiencies were identified that 
precluded data from meeting QC criteria in a way that would have resulted in qualification of data as 
unusable (i.e., flagged “R”). 
 
4.3.2.1   Phase I Data Qualifications 
 
Phase I data verifications resulted in the qualification of some laboratory-reported detections as non-detects 
(“U”) due to positive measurements of target analytes in associated laboratory blanks.  The “U” qualifier was 
applied to detected soil and groundwater sample results from the Phase I investigation.  From the Phase I 
investigation, impacted data include mercury (one groundwater SDG), thorium-230 (one soil SDG and 10 
groundwater SDGs), total uranium (one surface water SDG), naphthalene (one soil SDG), and TPH-DRO 
(three soil SDGs).  The qualification of thorium-230 detections as non-detects (“U”) affected the largest 
number of SDGs.  Many of the thorium-230 detections were previously flagged “X” by the laboratory due to 
high bias resulting from tailing from the thorium-229 QC spike.  Additionally, negative blank measurements 
for mercury affected Phase I sample results throughout four SDGs (one soil SDG, two groundwater SDGs, 
and one surface water SDG) where results were reported as non-detects by the laboratory.  Mercury results 
previously qualified as “U” by the laboratory were qualified as estimated (“UJ”) as a result of the negative 
blank measurements.   
 
Detected radiological results were also qualified as non-detects (“U”) when the reported sample 
concentrations were less than the associated analysis uncertainties.  This impacted both gamma and alpha 
spectroscopy isotopes in five Phase I soil and sediment SDGs, and four Phase I groundwater SDGs.   
 
All remaining QC issues presented in Tables 4-4 and 4-5 that resulted in Phase I data qualifications changed 
the status of the affected results from positively detected to estimated (i.e., flagged “J”) and include the 
following: 
 
• No raw data were provided by the laboratory for review of ICP-MS tune and internal standard data.  

Consequently, all Phase I metals data (all media) are qualified as estimated (detects – “J”; non-detects – 
“UJ”).  However, it should be noted that review of ICP-MS tune and metals internal standards was not 
required by the RI QAPP, nor was the laboratory required to submit raw data in the data packages. 

• Surrogate recoveries exceeded control limits for Phase I TPH-DRO analyses in soil. 
• Laboratory duplicate RPDs exceeded the control limit for a total of 29 Phase I soil and sediment SDGs 

for metals analyses (lithium, mercury, molybdenum, and nickel) and radionuclides (cesium-137, 
thorium-230, uranium-233/234, and gamma spectroscopy isotopes), and for Phase I building material 
analysis of total activity (1 SDG).  The duplicate RPD for uranium-238 in groundwater also exceeded the 
control limit for one Phase I SDG.   
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• MS/MSD recoveries were outside of control limits for Phase I soil and sediment samples analyzed for 
metals throughout 18 SDGs. 

• ICP-MS serial dilution percent differences (%D) exceeded the control limit for nickel and lithium in 
Phase I soil and sediment samples throughout seven SDGs, in Phase I groundwater and surface water 
samples throughout four SDGs.   

• Recoveries for initial and/or continuing calibration verification standards were outside of control limits 
for molybdenum and TPH-DRO soil results in three Phase I SDGs, and for TPH-DRO surface water 
results in one Phase I SDG, resulting in qualification of detected results as estimated values (“J”).   

• Detected sample results for gamma and alpha spectroscopy isotopes with concentrations reported to be 
less than two times the associated analysis uncertainties were qualified as estimated (“J”).  Twenty Phase 
I soil/sediment/building material SDGs and 12 Phase I groundwater SDGs were affected.   

 
4.3.2.2   Phase II Data Qualifications 
 
Phase II data validation resulted in the qualification of some laboratory-reported detections as non-detects 
(“U”) due to positive measurements of target analytes in associated laboratory blanks.  The “U” qualifier was 
applied to detected groundwater results from the Phase II investigation.  Phase II detections that were 
qualified as non-detects (“U”) due to positive blank measurements included filtered and unfiltered 
groundwater radiological results throughout nine SDGs.  Affected isotopes included radium-228 (filtered and 
unfiltered), thorium-230 (filtered and unfiltered), and total uranium (filtered).  Results for these radionuclides 
were qualified as non-detects because sample concentrations were either less than or barely greater than 
corresponding detections in associated method blanks.  Additionally, Phase II soil and groundwater 
radiological detections were qualified as estimated (“J”) for results less than five times the associated method 
blank concentration.   
 
Detected radiological results were also qualified as non-detects (“U”) when the reported sample 
concentrations were less than the associated analysis uncertainty.  This impacted both gamma and alpha 
spectroscopy isotopes in three Phase II groundwater SDGs.   
 
All remaining QC issues presented in Tables 4-6 and 4-7 that resulted in Phase II data qualifications changed 
the status of the affected results from positively detected to estimated (i.e., flagged “J”).  These include the 
following: 
 
• No raw data were provided by the laboratory for review of ICP-MS tune and internal standard data.  

Consequently, all Phase I metals data (all media) are qualified as estimated (detects – “J”; non-detects – 
“UJ”).  However, review of ICP-MS tune and metals internal standards was not required by the RI 
QAPP, nor was the laboratory required to submit raw data in the data packages. 

• Laboratory duplicate RPDs exceeded the control limit for metals and radionuclides in soil, sediment and 
groundwater. 

• MS/MSD recoveries were outside of control limits for Phase II soil and sediment samples analyzed for 
metals throughout seven SDGs. 

• ICP-MS serial dilution %D exceeded the control limit for potassium in one Phase II SDG.   
• Elevated detection limits (without dilutions) were reported for non-detect americium-241 and uranium-

238 results in three Phase II soil SDGs.  The reported detection limit was qualified as estimated (“UJ”).   
 
4.3.2.3   Miscellaneous Data Quality Issues 
 
Other miscellaneous QC issues noted in both Phase I and Phase II SDGs that did not warrant further action 
(e.g., data qualification) include the following: 
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• The laboratory did not provide mercury calibration data (i.e., correlation results) in any Phase I or II data 
package in order to verify that standard calibration curves run for the cold vapor atomic absorption 
(CVAA) spectrometer met the minimum requirement of R2 = 0.9950.  However, no data were qualified 
as a result of the missing information because of successful recoveries of initial and continuing 
calibration standards, as well as laboratory control standards.   

• The detection limit of 1.00 pCi/g that was reported by the laboratory for all gamma spectroscopy 
analyses of actinium-228 in Phase I soil did not meet the PQL goal of 0.8 pCi/g that was established in 
QAPP.  Both the Parsons Team RI Task Leader and Data Manager were notified of this deficiency 
during Phase I activities, which was determined to have no impact on the ability to meet associated 
project DQOs.  The laboratory met the required PQL goal during the Phase II investigation.   

• Elevated detection limits (without dilutions) were reported for gamma spectrum isotopes that were 
greater than corresponding reporting limits.  This was observed in five Phase II soil SDGs, three Phase II 
sediment SDGs, and one Phase II surface water SDG.  Because the sample results were detected at levels 
above the reporting limit, no data were qualified. 

 
4.3.3  Phase III  and IV Data Validation 
 
Table 4-8 summarizes the data quality issues identified for Phase III soil/sediment SDGs by QC review 
category.  Tables 4-9 and 4-10 summarize data quality issues identified for Phase IV soil/sediment data and 
Phase IV groundwater data, respectively, by QC review category.  Along with data issues, the actions taken 
by data review staff, applied data qualifiers, sample matrix, affected parameters, and affected SDGs are also 
presented.  The listing of an SDG in the tables does not necessarily imply that all samples/analytes within 
that SDG were affected.  Sample-specific information is presented in the Phase III data verification 
summaries and Phase IV data validation summaries in Appendix 1A.  Also, Appendix 1D data tables provide 
sample IDs contained within each SDG.     
 
In summary, it was determined that the majority of data are usable for inclusion in this RIR and BRA.  A 
small minority of analytes were determined unusable and rejected for reasons described below.  Also, minor 
deficiencies were encountered that resulted in the qualification of some results as estimated (“J” for detected 
results; “UJ” for non-detects. 
 
4.3.3.1   Phase III Data Qualifications 
 
The data issues found by USACE for Phase III laboratory results are presented in Appendix 1A.  Their 
verification and validation reports are summarized in the Data Quality Summary Table 4-8 (Note: not all 
analytes within a batch in a SDG are necessarily affected by the data issue listed in the table).  All data were 
found usable upon qualification except for a minority of the results which were rejected.  Phase III data 
validation resulted in laboratory-reported data to be qualified based on the symbology presented in Section 
4.3.   
 
In addition to the qualifiers listed, the validation and verification data sheets provided in Appendix 1A for 
Phase III contained a fifth qualifier “UI” for uncertain identification.  Samples were flagged by the lab with a 
UI for 6 potential reasons.  The reasons are: low abundance, no valid peak, interference, short half-life, high 
peak width and high counting uncertainty.  Based on the contractor’s discussion with the laboratory (1/22/07; 
see attached summary of this conversation in Appendix 1A) and the project delivery team, it was agreed that 
the UI flagged data were not usable both from an analytical standpoint (as indicated by GEL), and from a 
usability standpoint, due to the uncertain identification and quantification of peaks. These analytes were 
rejected and flagged with an “R.”  A total of 9 SDGs contained at least one batch with this data issue. 
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Additional analytes were flagged as rejected (“R”) if the absolute value of a negative result was larger than 
the sample uncertainty, indicating improper background subtraction or a potential background shift (7 
SDGs). 
 
Analytes were qualified as a non-detects (“U”) when they were not detected above the level of the reported 
sample quantitation limit.  A total of 10 SDGs in Phase III were qualified as non-detects. 
 
Three QC issues resulted in the analytes to be flagged as estimated.  These three issues are:   
 
• Sample had a high uncertainty relative to the sample result (4 SDGs); 
• Associated numerical value is the approximate concentration of the analyte in the sample (5 SDGs); and 
• Detection limits did not meet the reporting limits for many isotopes.  Any sample result that was below 

the achieved detection limit, but that was above the requested reporting limit, was flagged “UJ” for the 
potential to be false negatives (8 SDGs). 

 
There were four other data issues in Phase III that were not qualified but reported.  There was a method blank 
detection of at least one analyte (6 SDGs).  Laboratory duplicates RPDS were above the QAPP limits in nine 
SDGs.  In nine SDGs, there were no MSDs analyzed for any of the batches.  In one SDG, the matrix spike 
recovery of Th-232 was below QAPP limits in one of the three thorium alpha spec batches.  None of these 
issues were reported with qualifiers. 
 
4.3.3.2   Phase IV Data Qualifications 
 
The validation and verification forms prepared by USACE for Phase IV can be found in Appendix 1A, and 
the reported data issues are summarized in Tables 4-9 (soil/sediment) and 4-10 (groundwater).  All data were 
found usable upon qualification except for a small minority of the results, which were rejected. These 
analytes were rejected because the detection limits did not meet the reporting limits, and the sample result 
was below the achieved detection limit, but above the requested reporting limit. 
 
Analytes were qualified as non-detects (“U”) for several gross alpha/beta samples that did not meet the 
reporting limit (1 SDG), and when the analyte was not detected above the level of the reported sample 
quantitation limit (8 SDGs). 
 
Analytes that were qualified were flagged as estimated (“J”) for six data issues.  These data issues include: 
 
• Method bank was elevated above the MDL for U-238.  Those values for U-238 that had a detectable 

value above the MDL, and less than five times the method blank, were flagged for possible bias (1 
SDG). 

• Sample had a high tracer recovery indicating a potential low bias for the sample result.  Yields were 
truncated to 100% to eliminate a low biased result (1 SDG). 

• Ra-226 is reported from the 609.31 keV line of Bi-214. Because the samples have not had a 21 day in-
growth, the activity for Ra-226 is an estimated value, and may be biased low. The bias is caused by the 
disruption of secular equilibrium between Ra-226 and Bi-214 by the loss of Rn-222 during sample 
preparation (1 SDG). 

• Gamma Spec Results for U-238 recalculated using abundance of 3.81 for Th-234, values were less than 5 
times the MDC (1 SDG). 

• Results between the MDL and the reporting limit (2 SDGs). 
• Associated numerical value is the approximate concentration of the analyte in the sample (8 SDGs). 
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Additional data issues were reported by USACE.  Three SDGs had method blanks that contained target 
analytes above the MDC. Since all of these results were greater than 10 times this value, they were not 
assigned a qualifier.  In two SDGs, method blanks contained target analytes above the MDC in at least one 
batch for a given parameter.  All sample results were greater than five time this amount, and therefore did not 
need to be qualified.  Two SDGs had method blanks that contained target analytes above the MDC in at least 
one batch.  Five SDGS had laboratory duplicates that exceeded criteria for at least one analyte in at least one 
batch.  In three SDGs, the MS recoveries were either above or below the desired criteria. 
 
4.3.3.3   Miscellaneous Data Quality Issues 
 
Both Phase III and Phase IV contained archived soil samples that were collected during Phases I and II, and 
were reanalyzed during the later phases.  Laboratory verification forms indicate that these samples were 
archived outside of the standard radiological holding time of six months.  However, some guidance (Rucker 
and Johnson 2004) indicates that this may only be necessary for water samples, or for radionuclides with 
short half-lives. As these were soil samples analyzed for radionuclides with long half-lives, the six month 
holding time is not considered to be a stringent requirement. As such, the data is usable without any further 
qualification for holding time issues. 
 
The laboratory supplied a list of efficiency checks for the instrument detectors not in compliance per SDG 
instead of listing the percent difference required by the QAPP (SAIC 2003c) for data validation and 
verification.  Detectors not in compliance were not used in the analyses.  Since the Method Blanks and QC 
check samples were generally acceptable, the lack of this documentation is not considered to have an effect 
on data quality during Phase III and IV (Appendix 1A).  
 
In Phase IV, a total of 6 SDGs required a revision of the ICP-MS analysis of the isotopic uranium.  These 
revisions corrected an error in the weight of soil aliquot used in the digestion of soil samples and an error in a 
sample dilution factor applied the results of one water sample. 
 
In Phase IV, nineteen soil samples were not analyzed for all of the radiological parameters that were 
requested of the laboratory.  The missed analyses were determined to be the result of improper sample check-
in by the laboratory.  The missing analyses were not identified until after the excess soil samples had been 
disposed by the laboratory, thus preventing the possibility of sample re-analyses to generate the missing data.  
USACE subsequently determined the missing data were not required to meet the Phase IV project objectives, 
and additional field sample collection activities to replace the impacted samples were not required. 
 
4.4   ON-SITE XRF ANALYSIS, QUALITY CONTROL, AND EVALUATION 
 
XRF analysis was performed on all soil samples collected during Phase III of the RI in order to evaluate the 
appropriateness and value of using XRF as a field screening tool during potential future site remediation 
work, and to help guide the selection of soil sample intervals submitted for off-site laboratory analyses.  The 
analysis was performed in accordance with the site-specific SOP for XRF Analysis of Soils included as 
Appendix 4 of this report.   
 
The XRF instrument used for all analyses was manufactured by (and rented from) Innov-X Systems, 
Incorporated of Woburn, MA.  The instrument was a model Alpha-6500R (serial number 6018) with a 
Moxtek tantallium X-ray tube (serial number 7963-1091).  The system included a Pocket PC computer that 
docked directly into the instrument (in portable mode) or into a test stand (in fixed configuration). 
 
The XRF unit generates x-rays from an internal electrically excited x-ray tube.  These x-rays produce 
excitation within the target (sample) atoms.  As electrons attempt to stabilize as a result of the excitation, an 
x-ray is emitted (fluorescence) that is characteristic of a particular atom.  These characteristic emissions can 
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then be detected, amplified, converted to electronic pulses, and assigned to a particular element through multi 
channel analysis and the instrument software. 
 
Results were stored and reported for 23 metals, including uranium and molybdenum, which were the two 
main elements of interest for this investigation.  The field results were reported in parts per million (ppm) of 
the applicable metal in the soil. 
 
4.4.1  Analysis and Method 
 
The XRF SOP (Appendix 1B) is based on USEPA Method 6200 Field Portable X-Ray Fluorescence 
Spectrometry for the Determination of Elemental Concentrations in Soil and Sediment, May 1998 (USEPA 
1998c).  The SOP includes procedures for quality assurance testing, sample preparation, and sample analysis. 
 
The XRF instrument used for all analyses was manufactured by (and rented from) Innov-X Systems, 
Incorporated of Woburn, MA.  The instrument was a model Alpha-6500R (serial number 6018) with a 
Moxtek tantallium X-ray tube (serial number 7963-1091).  The system included a Pocket PC computer that 
docked directly into the instrument (in portable mode) or into a test stand (in fixed configuration). 
 
For a complete XRF performance evaluation see Appendix 4. For a summary of the performance evaluation 
see Section 4.4.3. 
 
4.4.1.1   Quality Assurance 
 
As noted in the SOP (Appendix 1B), calibration/operational reference standards were obtained from the R.T. 
Corporation in Laramie, WY for the following compounds and concentrations: 
 
• Natural uranium – 50 ppm; 
• Molybdenum – 50 ppm; 
• Natural uranium/molybdenum (combined) – 100 ppm each; 
• Natural uranium – 150 ppm; and 
• Molybdenum – 150 ppm. 
 
The standards were composed of fine-grained clay loam.   Initial calibration checks for these standards 
indicated XRF instrument accuracy was lower than expected.  As a result, additional calibration standards 
were obtained to evaluate potential sample matrix effects (i.e. grain size) on instrument accuracy.  Three 
additional calibration standards used previously at the Rattlesnake Creek (RSC) FUSRAP site were provided 
by USACE.  These standards were also manufactured by the R.T. Corporation, were composed of sand and 
silt matrices, and consisted of the following: 
 
• Natural uranium – 100 ppm (RSC Sand); 
• Natural uranium – 200 ppm (RSC Sand); and 
• Natural uranium – 100 ppm (RSC Silt). 
 
Additional calibration checks for the RSC calibration standards indicated significantly improved instrument 
accuracy for the more coarse-grained silt/sand material (as compared to the fine-grained clay loam 
standards).  A sample from each of the eight standards listed above was sent to Innov-X Systems to allow the 
completion of site-specific instrument calibration prior to instrument delivery to the site. 
 
Upon receipt of the XRF instrument at the site, further attempts by SAIC and an Innov-X Systems technician 
(via telephone) to improve instrument calibration for the fine-grained and coarse-grained calibration 
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standards indicated the instrument could not be calibrated to provide comparable accuracy across the entire 
range of grain sizes represented by the standards.  As a result, the final instrument calibration settings were 
biased toward the relatively coarse-grained RSC calibration standards (i.e. silt and sand) because they were 
considered to be more representative of the site-specific soil samples to be analyzed during the field 
activities.  Details regarding the evaluation of the calibration standards are addressed below.  Calibration 
standard results can be seen in Table 4-11. 
 
4.4.1.2   Daily Calibration 
 
The on-site XRF operator performed daily calibration checks at the start and end of each day using at least 
two of the above standards for uranium and molybdenum.  Standards included one at the lower expected end 
of uranium detectability (e.g., 50 ppm) and a second at the upper end of interest (e.g., 150 ppm).  The same 
process applied to molybdenum.  Acquisition times of 120-seconds were used, and the measured values were 
checked to ensure that the known standard concentration was within the measured value +/- twice the 
reported measurement error.  If a calibration check fell outside these bounds, it was repeated to determine 
whether the observed anomaly represented a random event consistent with measurement statistics, or if there 
was evidence of an identifiable instrument calibration problem.  The results of the daily calibration checks 
are summarized in Table 4-12. 
 
The XRF instrument software also required the regular completion of “standardizations” using a solid 
stainless steel standard throughout the work day.  Although the completion of these standardizations was 
recorded in the XRF field logbook, this activity did not generate reportable data, and therefore is not 
addressed further in this report. 
 
4.4.2  XRF Results 
 
Table 4-13 summarizes the XRF results for uranium and molybdenum for all 6-inch sample intervals for 
each soil boring.  The table also indicates which samples were sent to the off-site laboratory as biased 
samples based on detected uranium or elevated G-M readings. 
 
Although uranium and molybdenum were the primary XRF metals of interest during Phase III, results for all 
metals included in the instrument library (approximately 23 total) were included in the electronic data files 
for possible future evaluations regarding interferences. 
 
For all samples where uranium and/or molybdenum were non-detected, the following mean uncertainties (i.e. 
method detection limits) were identified: 
 
• Uranium - 16.5 ppm; and 
• Molybdenum - 17.7 ppm. 
 
The above values are based on a total sample population of 791 non-detected results for each parameter. 
 
4.4.3  XRF Evaluation Summary 
 
This section summarizes the performance of the XRF to detect molybdenum and total uranium 
concentrations in site soils.  Recommendations for future field sampling plans are also discussed. This 
summary is drawn from Appendix 4, which presents the detailed analysis of XRF performance evaluation 
studies performed as part of this RI. This analysis is intended to support future use of field XRF for site 
remediation needs. The following discussion presents results of tests of XRF accuracy, precision, detection 
limits, completeness, and comparability to established laboratory methods for analysis of uranium (total U) 
and molybdenum, two COIs for the site that are metals. 
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4.4.3.1   XRF Performance 
 
A variety of methods were used to evaluate the performance of the XRF to determine molybdenum and total 
uranium concentrations.  These include accuracy assessments, an assessment of XRF precision, XRF 
screening-level reproducibility, and XRF system performance over the course of a day.  The samples in these 
evaluations were prepared and analyzed according to the XRF SOP (SAIC 2006b). 
 
4.4.3.1.1   XRF Accuracy 
 
XRF accuracy was greatest for standards containing silt matrix, intermediate for sand matrix standards, and 
lowest for fine-grained clay matrix standards.  Despite the apparent matrix effects observed, XRF accuracy 
was adequate for all matrix types as the calculated mean percent difference for all standards was 
approximately equal to or less than 20%.  These results indicate that the differences in XRF accuracy across 
matrix types are due to the internal calibration of the device to the silt matrix standard.  A trend was also 
observed indicating that XRF accuracy improves at increasing concentrations of the target element.   
 
Comparability assessments of the XRF results for the Former Harshaw Chemical Site soil samples and the 
gamma spectroscopy results for total uranium confirm that the internal calibration of the XRF against the 
coarse-grained silt matrix standard was appropriate to provide accurate and reliable results for total uranium 
at the HCC site.  The XRF results exhibited a close relationship with the gamma spectroscopy results, as the 
predicted gamma spectroscopy results for total uranium was near 20% of the XRF results.  These 
observations confirm that the accuracy of the XRF is sufficient to provide comparable results against 
laboratory gamma spectroscopy results. 
 
4.4.3.1.2   XRF Precision 
 
The XRF exhibited excellent precision, as measured by the low variability between repeated measurements 
of the same location within a sample (RSD < 10%).  Furthermore, the average reported error (instrument 
error) was low (< 20%) and was similar to the standard deviation for the repeated measurements.  These 
observations confirm that the precision of the XRF is sufficient to provide consistent results for total uranium 
at the HCC site. 
 
4.4.3.1.3   XRF Screening-Level Reproducibility 
 
For this evaluation, the XRF results were 100% accurate with respect to repeated outcomes for detection or 
non-detection of uranium in two test samples containing uranium above and below, respectively, limits of 
detection (LODs) determined in the study.  Furthermore, there was low variability in the reported XRF 
concentration for the sample in which total uranium was detected; there was also low variability in the 
reported LOD for the sample in which total uranium was not detected.  These observations confirm that 
reported XRF measurements are sufficient for quantitative screening-level purposes.  The low variability in 
these reported measurements also support the observations of XRF precision. 
 
4.4.3.1.4   XRF Performance over a Work Day 
 
This evaluation indicated that incremental measurements of the reference standards for total uranium over 
the course of a work day introduced a reduction of between 0.10 to 0.21 times the initial XRF calibration 
measurements.  However, no similar XRF response reduction occurred for molybdenum calibration 
measurements. The reduced uranium response result may be due to battery discharge over the course of the 
day, as the X-ray tube excitation energy output is dependent upon the power supply.  Methods to minimize 
instrument degradation include charging the battery at regular intervals throughout the day, or exchanging 
with a fully charged battery. 
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4.4.3.1.5   XRF LOD for Total Uranium 
 
For all XRF analyses of site soils, the median reported XRF LOD for samples in which total uranium was not 
detected was 16.2 ppm.  Laboratory-determined XRF LOD was evaluated for the split soil samples that were 
analyzed with both XRF and laboratory methods.  The laboratory-confirmed XRF LOD was approximately 
10.3 ppm.  These observations suggest that the XRF LOD determined in this study is slightly greater than the 
true LOD.  With respect to the field investigation level for the HCC site (44 ppm [30 pCi/g] total uranium), 
either of these LOD values is low enough to provide appropriate screening-level results for total uranium. 
 
4.4.3.2   Sample Heterogeneity 
 
The effects of sample heterogeneity on reported total uranium concentrations were assessed by examining 
small-scale and bagged sample variability.  These analyses were conducted to determine the amount of 
variability introduced by the sample preparation and analysis procedures described in the XRF SOP (SAIC 
2006b). 
 
4.4.3.2.1   Small-Scale Sample Variability 
 
Small-scale sample variability, defined as the localized variability in a soil sample, was very low (RSD < 
10%), indicating that small-scale variability was minimized following the sample preparation and analysis 
protocols described in the XRF SOP (SAIC 2006b). 
 
These results indicate that the current XRF protocol is sufficient to manage small-scale variability in total 
uranium concentrations.   
 
4.4.3.2.2   Bagged Sample Intrinsic Variability 
 
Bagged sample intrinsic variability, defined as the broader-scale variability throughout an entire bagged 
sample, ranged from 2.90% to 49.73% RSD.  There was greater variability observed along both sides of the 
sample bag than within one side of the sample bag.  These observations indicate that greater variability in 
total uranium concentrations (as reported by the XRF) exists within the bagged sample than what can be 
attributed to instrument error (precision). 
 
Due to greater heterogeneity along both sides of the sample bag, XRF protocols should also include an 
approach to quantify sample bag intrinsic variability using measurements collected from both sides of the 
bagged sample. 
 
4.4.3.3   Relationship between XRF Reported Molybdenum and Total Uranium 
 
XRF reported total uranium and molybdenum concentrations were evaluated to determine whether elevated 
total uranium and molybdenum concentrations were collocated.  With the exception of one sample in which 
total uranium was detected at a low concentration, there was a positive relationship between XRF reported 
molybdenum and total uranium concentrations.  For XRF observations in which both elements were 
detected, elevated molybdenum and total uranium concentrations were strongly positively associated. Due to 
the limited number of XRF observations in which both elements were detected (N = 9), it is not possible to 
conclude that an association exists for these two elements over all XRF observations.  This conclusion is thus 
restricted to those XRF observations in which both elements were detected. 
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4.4.3.4   Comparability between Field XRF and Laboratory Methods 
 
Comparisons of the XRF results to laboratory results using spectroscopy methods were used to evaluate 
overall comparability of XRF to laboratory methods and to determine which laboratory method produced 
results most comparable to XRF results for soils.   
 
For XRF comparisons with alpha spectroscopy results, the relationship was relatively weak (r2 = 0.45) and 
yielded much more variable estimates of the true total uranium concentrations as determined by the 95% 
confidence interval of the regression line.  The XRF comparisons with gamma spectroscopy results, on the 
other hand, resulted in a much stronger relationship (r2 = 0.98) and yielded less variable estimates of the true 
total uranium concentrations.  There were two anomalous observations in the alpha spectroscopy dataset; 
there were no apparent anomalous values in the gamma spectroscopy dataset. 
 
Thus, gamma spectroscopy appears to be the most appropriate laboratory method to compare and confirm 
XRF results for total uranium.  Alpha spectroscopy methods involve sub-sampling and sample preparation 
methods that are dissimilar to those for either XRF or gamma spectroscopy, which may have lead to the 
anomalous values observed in the alpha spectroscopy comparison. 
 
According to USEPA Method 6200, XRF data can be considered definitive if the correlation coefficient (r) is 
greater than or equal to 0.90.  In this evaluation, the regression coefficient to compare XRF and gamma 
spectroscopy total uranium concentrations (r2 = 0.98) corresponds to a correlation r-value of 0.99.  Thus, 
XRF and gamma spectroscopy methods would be interchangeable with respect to analysis of total uranium in 
site soils when XRF detection limits are sufficient for measurement needs. Thus, it is concluded that XRF 
measurements of site soils provide reliable, accurate, and precise results for molybdenum and total uranium, 
and that such performance would be suitable for meeting a number of current and potential future site 
remediation needs. 
 
 
 



 

5.   SITE-SPECIFIC SCREENING LEVELS 
 
The definition of the extent of RI COIs presented in Section 6 is based on comparisons of historical and RI 
analytical results to site-specific screening levels developed during the DQO development process and in the 
BRA (Section 8).  Although Section 6 discusses results for all RI COIs, the discussion of extent focuses on 
the COIs determined by the BRA to present unacceptable risk to human health (hereinafter referred to as 
“Significant COPCs”).  Significant COPCs are identified in Section 8.2.8 as preliminary COCs.  Preliminary 
COCs are COPCs that exceed an acceptable cancer risk criteria (Section 8.2.8.1).  The final designation of a 
constituent as a “COC” is subject to a FS and therefore referred to as a Significant COPC in sections leading 
up to Section 8 the BRA where they are then identified as “preliminary COCs.”  The list of Significant 
COPCs (or preliminary COCs) as determined by the BRA is in Table 8-26.  The nature and extent of 
Significant COPCs are presented in Section 6 based on site-specific screening levels developed for the 
Former Harshaw Chemical Site RI.  The site-specific screening levels consist of screening levels developed 
in the RI SAP (SAIC 2003b) and Phase II SAP Addendum (SAIC 2004), background concentrations 
calculated from RI data, and site-specific PRGs developed in the BRA (Section 8) and summarized in 
Section 5.3.  Screening levels are discussed in Section 5.1.  Development of site-specific background 
concentrations and PRGs is detailed in Section 8, and summarized in Sections 5.2 and 5.3, respectively.   
 
5.1   SCREENING LEVELS 
 
Preliminary risk-based screening levels for COIs were included in the RI SAP (SAIC 2003b) and Phase II 
SAP Addendum (SAIC 2004) to provide a basis for RI decision-making regarding nature and extent 
definition in the absence of site-specific PRGs (subsequently developed in the BRA).  The observational soil 
sampling approach was based primarily on the total uranium screening level of 30 pCi/g.  This level was 
revised from the original Phase I level of 16 pCi/g.  Analysis of soil samples was conducted at near real-time 
through the use of the on-site BEGe laboratory.  Although near real-time analyses were not available for the 
remaining RI COIs, the same general approach applied as data were received and evaluated through the end 
of the RI field investigation.  If a soil sample exceeded this screening level, additional observational soil 
samples were collected to complete the definition of contamination extent to within approximately 25 ft 
(lateral) and 2 ft (vertical).  Lateral extent was defined using a triangular grid approach: three borings were 
installed around the soil boring from which the soil sample exceeding the screening level was taken, each at a 
distance of 25 ft from the original boring location.  This triangular approach utilized data from other existing 
soil borings within 25 ft, if present.  Because the observational soil sampling approach was based on the total 
uranium screening level of 30 pCi/g, this level is used during the discussion of extent in Section 6.4. 
 
Preliminary screening levels developed in the RI SAP (SAIC 2003b) and Phase II SAP Addendum (SAIC 
2004) were used to perform data evaluations of COIs after the completion of Phase I.  The evaluation of 
Phase I data determined chemical COIs where not present in soil at concentrations greater than their 
respective screening levels.  Therefore, chemical COIs generally were not analyzed in soil during Phase II 
other than for specific data needs such as fill material characterization, or to complete remaining Phase I soil 
borings. 
 
Preliminary screening levels were also developed for the Phase IV RI FSP (USACE 2007).  The primary 
function of these screening levels was to ensure that the analytical methods being used to test for the 
radionuclides associated with the processing of recycled uranium could achieve minimum detectable 
activities which could be compared against risk-based screening levels.  These screening levels were not 
used to make determinations whether or not to keep radionuclides in the investigation. 
 
Screening levels were also presented for fixed and removable radiological contamination on building 
materials in the RI SAP (SAIC 2003b) and Phase II SAP Addendum (SAIC 2004).  Site-specific, dose-based 
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limits had not yet been established during the characterization phase of the RI.  In the absence of site-specific 
limits, NRC Regulatory Guide 1.86 average values for natural uranium were used for surface screening 
levels (1,000 dpm/100 cm2 for removable alpha and beta activity and 5,000 dpm/100 cm2 for total alpha and 
beta activity).  These screening levels were utilized as part of the observational approach during the field 
investigation, and are therefore used in the discussion of the extent of contamination in Section 6.4. 
 
The volumetric building material screening level of 13 pCi/g of total uranium was calculated using a sum of 
ratios approach and the isotope-specific screening levels for uranium-234, uranium-235, and uranium-238 in 
Table H.2 of NUREG-1757.  These three isotopes were assumed to be present in their naturally occurring 
ratios, consistent with the site characterization data collected for the site.  This screening level is slightly 
lower than that used for soil (30 pCi/g).  This provides additional conservatism in addressing these building 
materials to better account for the range of physical properties associated with these materials and the likely 
more heterogeneous nature of contamination.  This should reduce the likelihood for missing any uranium-
contaminated building materials.  The screening level of 13 pCi/g of total uranium is discussed further in 
Section 6.3. 
 
For groundwater, the screening level used during the field investigation was the USEPA maximum 
concentration level (MCL) for uranium (30 ug/L).  This screening level was utilized as part of the 
observational approach during the field investigation, and is therefore used in the discussion of the extent of 
contamination in Section 6.6.7. 
 
5.2   SITE-SPECIFIC BACKGROUND  
 
A critical step in assessing site data included distinguishing between chemical constituents likely related to 
past MED/AEC activities at the site, and those present as naturally-occurring or anthropogenic background.  
Performance of this assessment required data collection from areas with no available evidence of impacts 
from past MED/AEC activities or operations at the site.  Therefore, samples of various environmental media 
(soil, sediment, surface water, and groundwater) were collected in the field at background or up-gradient 
locations, as described in Section 3.3.  Phase I and Phase II background samples were analyzed for COIs 
identified for their respective phases, while Phase IV background samples were analyzed for radiological 
COIs  identified for its phase. Section 3.1.2. presents a detailed description of all COIs identified throughout 
the phases of the RI.  A detailed description of the statistical method applied during the development of site-
specific background screening values is presented in Section 8.  The statistically-derived background values 
are the lower of the 95th percentile upper tolerance limit (UTL) or the maximum detected concentration of the 
background data set. 
 
The background screening values summarized in Table 5-1 represent the criteria for distinguishing if a 
sample result indicates a relative increase above background, possibly due to MED/AEC site operations.  
Therefore, comparison of Significant COPC results to the background screening values is used to evaluate 
the extent of Significant COPCs in Section 6.   
 
As described in Section 3.3.1, background soil samples were collected during Phase I of the RI from both 
non-industrial and industrial background locations.  A total of 36 samples were collected from 12 soil 
borings at a non-industrial location approximately 1.5 miles southeast of the site on Cleveland Metroparks 
property directly adjacent to the Cuyahoga River.  Section 3.3.2 describes background soil samples collected 
for Phase IV non-industrial background data.  A total of 11 samples were collected from 5 soil borings and 
analyzed for radionuclides associated with recycled uranium processing and contamination.  Historical 
information indicated this parcel had not been previously used for industrial purposes.  An additional 45 
samples were collected from 15 soil borings at industrial background locations representing known historical 
industrial land use adjacent to the site along Jennings Road north of Big Creek.  Background soil sample 
locations are presented on Figure 3-1.  The initial screening of site data against background values in the 

Former Harshaw Chemical Site Page 5-2 
Remedial Investigation Report 
Revision 1  
December 2009 



 

Former Harshaw Chemical Site Page 5-3 
Remedial Investigation Report 
Revision 1  
December 2009 

BRA (Section 8) was performed using the non-industrial background values.  Therefore, only the 
background screening values based on non-industrial soil samples are presented in Table 5-1 and are used in 
the discussion of extent in Section 6.4.  Industrial background values are presented in Table 8-7. 
 
5.3   SITE-SPECIFIC PRELIMINARY REMEDIATION GOALS 
 
Site-specific PRGs are media-specific values associated with acceptable levels of chemical or radionuclide 
intake.  Site-specific PRGs were developed for Significant COPCs to evaluate the potential need for remedial 
action.  Site-specific risk-based PRGs calculated for chemical and radionuclide COIs in soil and groundwater 
are summarized in Table 5-1.  Site-specific PRGs were used as part of the evaluation of the extent of 
Significant COPCs in Section 6.   
 
The USEPA generally does not provide PRGs for non-environmental media.  Site-specific PRGs for fixed 
and removable radiological contamination associated with existing site buildings and materials are discussed 
in Section 8.3.7.2.  PRGs are not used in the discussion of extent of building contamination in Section 6.3; 
instead, the screening levels in Section 5.1 are used as those levels were the focus of the field investigation. 
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6.   REMEDIAL INVESTIGATION RESULTS 
 
This section presents the results of the Former Harshaw Chemical Site RI.  The results for general site 
characterization and field screening activities are presented along with the results for all sampled/surveyed 
environmental and non-environmental (i.e., building material) media by IA.   
 
Nature and extent is presented for site-related RI COIs defined previously in Section 3.1.2.  All RI COIs are 
evaluated in the BRA (Section 8) to define constituents that represent significant human health and/or 
ecological risk.  The RI COIs identified as posing significant risk to human health or ecological receptors are 
discussed separately throughout this section as “Significant COPCs.”   
 
Analytical results for all RI COIs are presented in summary tables for all media sampled/surveyed during the 
RI, addressing COIs and Significant COPCs separately.  The summary tables are presented by IA and 
divided into two sets of tables.  The first are statistics which include the number of results and non-detects, 
and the range of detections.  The second set presents the results for all of the Significant COPCs.  Definitive 
analytical methods and applicable surrogates (i.e., a radionuclide assumed to be in equilibrium with another 
radionuclide for which results were not reported) for each COI are presented in Table 8-1; the extent 
discussion and BRA use only these methods and surrogates as definitive data.  As indicated in Table 8-1, 
lead-210 was not directly measured during the RI.  All discussion of lead-210 soil results are presented in 
conjunction with its surrogate, radium-226.  For uranium results (excluding chemical uranium for water), 
individual uranium isotopes are not presented; instead, total uranium is presented as calculated from gamma 
spectroscopy analyses using the following formulas: 
 
If the uranium-235 result is non-detect or estimated (“U” or “J” qualified), or if the uranium-238 and 
uranium-235 results are non-detects (“U” qualified), then: 
 

Total Uranium (pCi/g) = ([uranium-238 result] * 2) + ([uranium-238 result] * 0.046) 
 
If both the uranium-238 and uranium-235 results are not “U” or “J” qualified, then: 
 

Total Uranium (pCi/g) = ([uranium-238 result] * 2) + [uranium-235 result] 
 
The above formula was developed under the assumption that uranium feed material processed at the site 
during historical operations was natural, non-enriched uranium.  The calculation of total uranium values was 
conducted to allow for the comparison between XRF and off-site laboratory results for uranium. 
 
The error terms for these calculations are reported along with the results using the propagation of errors from 
the equation components.  Uranium-235 results that are significantly negative were reviewed for possible 
procedural and analysis errors. For additional data use rationale see Section 8.2.1.3. 
 
Historical data collected before the RI were also available to help define the extent of total uranium in soil.  
Total uranium results for these historical samples are used as reported with no additional calculations 
performed. 
 
A complete summary of all sample analytical results is provided in Appendix 1D. 
 
The remainder of this section is organized as follows: 
 
• Section 6.1 presents the results of the general site characterization data collection, including radiological 

parameter evaluations (airborne uranium contamination transport evaluation, enriched uranium 
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evaluation, thorium evaluation, and radiological soil screening correlation), stream water elevation data, 
source water field blanks, downhole gamma logging, IDW, and meteorological data; 

• Section 6.2 provides the results of the background sampling for environmental media and building 
radiation survey reference measurements; 

• Section 6.3 presents the nature and extent of building contamination including building material 
sampling and building radiation surveys; 

• Section 6.4 presents the nature and extent of soil contamination by IA (IA03-IA07); 
• Section 6.5 presents the nature and extent of surface water and sediment contamination (IA08 and IA09); 
• Section 6.6 presents the nature and extent of groundwater contamination (IA10); and 
• Section 6.7 presents the management, characterization, disposal, and status of all IDW generated during 

the RI to date. 
 
6.1   GENERAL CHARACTERIZATION RESULTS 
 
The following sections present the results of general site characterization activities conducted during the RI. 
 
6.1.1  Radiological Parameter Evaluations 
 
Several evaluations of interest were performed for radiological parameters during the RI, as discussed below.  
These evaluations are associated with contaminant transport and original project assumptions regarding the 
composition and sources of radiological contamination expected at the site. 
 
6.1.1.1   Airborne Uranium Contamination Transport Evaluation 
 
Near-surface soil (0-0.5 ft bgs) sample results for total uranium from IA03, IA04, IA05, and IA06 were 
evaluated to determine if any evidence of airborne uranium transport from Building G-1 could be identified 
in shallow soil.  As mentioned previously in Section 3.2.1.1, the near-surface soil samples represented split 
samples from the 0-0.5 ft bgs homogenized sample material, with the remainder of the material combined 
with the rest of the 0-2 ft bgs surface soil sample volume.  This sampling approach allowed for a comparison 
of the near-surface and surface soil sample intervals at each applicable soil boring location. 
 
Data were compared using a two-sample paired test to determine if the near-surface and surface soil datasets 
for each IA and background were statistically different.  The results of the evaluation are presented in Table 
6-1. 
 
Based on the results of the statistical evaluation, there are no significant statistical differences between the 
near-surface and surface soil data sets for the subject IAs and background. 
 
An additional evaluation was conducted to identify any bias in the spatial distribution of uranium in shallow 
soil with respect to Building G-1.  The site-specific mean wind direction and mean wind speed were 193 
degrees (from the south-southwest) and 4 miles per hour, respectively, during the period of record from April 
through November 2003.  More details regarding the on-site meteorological data are presented in Section 
6.1.7. 
 
Based on the site-specific wind direction of south-southwest, there does not appear to be a significant 
correlation with the distribution of near-surface soil data for total uranium.  Although the historical airborne 
release of total uranium at the site is considered likely, the RI soil data do not indicate a bias toward the near-
surface interval (0-0.5 ft bgs) that would indicate significant airborne deposition of contamination to soil. 
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6.1.1.2   Enriched Uranium Evaluation 
 
The RI soil dataset was evaluated to characterize uranium contamination at the Former Harshaw Chemical 
Site, and to validate the original project assumption that primarily non-enriched (natural) uranium was 
processed at the facility.  The results of the evaluation do not indicate the site-wide presence of low-enriched 
(uranium-235 concentration is less than 20% and greater than 0.7%) uranium in soil at the site. 
 
The soil evaluation consisted of calculating sample-specific uranium-235 to uranium-238 (uranium-
235:uranium-238) and uranium-234 to uranium-238 (uranium-234:uranium-238) ratios to determine whether 
on-site isotopic uranium results were indicative of enriched uranium contamination sources.  The expected 
uranium-235:uranium-238 activity ratio measured in soil is approximately 0.046:1.  Therefore, in soil, ratios 
of approximately 0.046:1 would be consistent with expected natural abundance. Similarly, the expected 
uranium-234:uranium-238 ratio is 1.0, as the two isotopes are in secular equilibrium in natural uranium. 
 
Measurements of uranium isotope ratios in site soils were made on various sample sets using gamma 
spectroscopy, alpha spectroscopy, and ICP-MS.  Groundwater and surface water samples were also analyzed 
with ICP-MS. Gamma spectroscopy is limited to measurements of uranium-235:uranium-238 ratios, while 
the other two methods can measure both uranium-234:uranium-238 and uranium-235:uranium-238 ratios. 
 
To ensure meaningful results and conclusions, the samples used in the statistical evaluations were limited to 
samples for which both reported radionuclides were reported at greater than their corresponding MDAs, in 
the case of gamma and alpha spectroscopy, and greater than mass-based detection limits, in the case of ICP-
MS.  Because of the smaller data set and higher precision of the method, ICP-MS results included “J”-
flagged values (estimated concentration) in the computation of ratios, while the other two data sets did not. 
Although isotopic uranium results via gamma spectroscopy were available for both the off-site analytical 
laboratory and on-site BEGe laboratory, the sample-specific pairings for the off-site laboratory uranium-235 
and uranium-238 analytical results provided a larger dataset and were selected for this evaluation.   
 
A total of 137 on-site and 5 off-site background soil samples were included in the gamma spectroscopy 
results.  Isotopic ratios for each sample data pair were calculated and compared to the expected ratio of 
0.046:1. Sample-specific confidence limits were also calculated.  The results of these calculations are 
presented in Table 6-2.  For the site-wide dataset, the isotopic ratios were slightly elevated, 0.068:1 ratio, in 
comparison to the expected 0.046:1 ratio.  However, about 18% of sample-specific ratios were determined to 
be significantly different than the expected 0.046:1 ratio based on the confidence intervals shown in Table 6-
2. 
 
Figure 6-1 depicts the gamma spectroscopy results for sample-specific uranium-235 and uranium-238 ratio 
distribution for the on-site and off-site background soil samples for comparison to the expected 0.046:1 
natural uranium ratio line.  Generally, the uranium-235 activity appears to correlate well and increase with 
uranium-238 activity.  A slight bias high in the isotopic ratios is indicated by the ratio distribution shown in 
Figure 6-1.  Since the same bias is present in both the on-site and off-site background datasets, it is assumed 
the bias is associated with the laboratory analyses, and is not due to any site-specific radiological 
contamination characteristic.  Although the slight over-estimation of the measured uranium-235 activities in 
the soil samples may be the result of interferences in the measured energy peaks used in the gamma 
spectroscopy analyses, no specific cause for this apparent bias has been identified. 
 
Uranium isotope ratio measurements by alpha spectroscopy are shown in Table 6-3. Measurements included 
from all four sampling phases produced 183 uranium-234:uranium-238 results and 134 uranium-
235:uranium-238 results.  The average value for the 183 uranium-234:uranium-238 activity measurements 
was 1.0, or equal to the expected value for natural uranium. Conversely, the average value for the 134 valid 
uranium-235:uranium-238 activity measurements was 0.088, or approximately double the expected value of 
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0.046. These two results are in conflict, since uranium-234 would not be at natural levels when uranium-235 
is somewhat enriched.  Because many of the uranium-235 results were near detection limits, it is possible 
that results for this isotope are biased high, while the uranium-234:uranium-238 activity ratios are more in 
line with historical records.  
 
In addition, alpha spectroscopy measurements of uranium-235 include contributions (interference) from 
uranium-236, which is present in residuals of recycled uranium from Hanford (see next section), and thus on 
average are biased high as a result. 
 
ICP-MS Uranium Isotope Measurement Results 
 
As part of Phase IV, a subset of soil and groundwater samples were analyzed by ICP-MS to determine 
uranium isotopic ratio measurements with higher precision and accuracy than is typically generated by 
gamma or alpha spectrometry.  The purpose of these measurements was to produce an unequivocal 
determination of the enrichment level of uranium residuals through highly accurate measurements of isotopic 
ratios in site soils and groundwater. 
 
Because of mutual interference of some uranium isotopes in alpha spectrometry analysis, namely uranium-
233:uranium-234 and uranium-235:uranium-236, uncertainties arise in determinations of uranium-
234:uranium-238 and uranium-235:uranium-238 ratios when all isotopes are present. Thus, determinations of 
whether uranium residuals are slightly depleted or slightly enriched are difficult, especially in the case of 
recycled uranium residuals, where isotope abundances have been affected by uranium processing, which 
confounds the interpretation of alpha spectrometry data because of the noted mutual interferences.  Likewise, 
gamma spectrometry is insensitive to uranium-234, and thus does not produce results for uranium-
234:uranium-238 ratios. Gamma spectrometry has generally less precision than ICP-MS for uranium-
235:uranium-238 ratio measurements.  ICP-MS, thus, provides high precision results for all uranium isotopes 
in a single sample, and overcomes the limitations of the other two methods. 
 
Soils 
 
Results of uranium isotope ratio measurements by ICP-MS in soil and groundwater samples are shown in 
Table 6-4 and by sample location in Figure 6-2.  Samples were analyzed for the isotopes uranium-233, 
uranium-234, uranium-235, uranium-236, and uranium-238. Ten background soil samples taken from the 
Cleveland Metroparks property were analyzed by ICP-MS. None of the samples had detectable levels of 
uranium-234, but all had detectable levels of uranium-235 and uranium-238, allowing for determination of 
uranium-235:uranium-238 ratios, the standard measure of uranium enrichment.  As shown in Table 6-4, 
uranium-235:uranium-238 ratios had an average value of 0.0077 by mass, and 0.050 by activity. The 
precision of these measurements had a  percent relative standard deviation of 2.2%. These measured values 
compare to known ratios of 0.0071 by mass and 0.046 by activity for natural uranium, indicating a high bias 
in the measurements in background samples of about 8.5% above the expected value. This bias may or may 
not also be present in site soil samples where uranium levels are considerably higher. 
 
A total of 30 site soils were analyzed, all of which had measurable uranium-235:uranium-238 ratios and 14 
of which had detectable levels of uranium-234, allowing determination of uranium-234:uranium-238 ratios. 
The average of measured uranium-235:uranium-238 ratios in soils was 0.0064 (0.64%) by mass and 0.041 by 
activity, or slightly depleted relative to either the measured background value, or known values for natural 
uranium noted above.  The average measured uranium-235:uranium-238 ratio of 0.64% is similar to reported 
values for recycled uranium from Hanford processed at HCC of 0.67% uranium-235 (Bechtel-Jacobs 2000, 
DOE-RL 2000). 
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Ratios of uranium-234:uranium-238 can be most readily interpreted in terms of activity. In natural uranium, 
the uranium-234 and uranium-238 are in secular equilibrium, meaning that they have the same activity 
concentrations, and thus an activity ratio of 1 (unity). Measurable uranium-234:uranium-238 activity ratios 
for 14 of 30 site soil samples in Table 6-4 had an average value of 0.87, similarly indicating slightly depleted 
levels compared to natural uranium. Uranium-234 was not detectable in background soils, so comparisons to 
background ratios are not possible. 
 
Uranium-235:uranium-238 ratios shown in Figure 6-3, which include levels of uranium-238 down to 
background levels (2-3 mg/kg) and up to 1460 mg/kg, suggest a slight increase in depletion with increasing 
uranium-238 levels. This result reflects the influence of background natural uranium on overall isotope ratios 
at low levels, while it further indicates that higher level uranium contamination often involves recycled 
uranium, which was depleted in uranium-235 as noted above.  Figure 6-4 presents the results of recycled 
radionuclides in soil.  Figure 6-5 presents the results for radionuclides in all other media. 
 
This conclusion can be further evaluated by examining the relative amount of uranium-236 in soils, an 
isotope not present in natural uranium. Figure 6-3 shows a plot of uranium-236:uranium-238 as a function of 
uranium-238 soil concentration for 9 soils samples that had detectable uranium-236. The average uranium-
236:uranium-238 ratio was 0.000030, or 0.0030% uranium-236 by mass. The maximum ratio was 0.0056%, 
which occurred at the maximum uranium-238 concentration of 1,460 mg/kg. However, Figure 6-3 shows no 
definitive trend with increasing uranium-238 concentration.  This result might be due to the fact that 
uranium-236 was only detectable in soils with high uranium-238 concentration, above about 300 mg/kg. 
However, several locations with uranium-238 above this level had low or undetectable uranium-236 levels, 
indicating contamination by natural uranium. 
 
Documented values of uranium-236:uranium-238 in HCC recycled uranium are not available. Reported 
values from a later period were from 0.016 to 0.071% by mass in Hanford RU produced during the 1980s 
(DOE-RL 2000), which is higher by 6-25 times than the average 0.0028% detected in Former Harshaw 
Chemical Site soils. Such lower levels of uranium-236 in Former Harshaw Chemical Site soils might be due 
to the fact that Hanford RU in the 1940s was slightly depleted in uranium-235, and thus also in uranium-236, 
while that produced in the 1970s-1980s was slightly enriched in uranium-235 (average = 0.86%) and, thus, 
even more so in uranium-236 (Table 4-8, DOE-RL 2000). It is also possible that uranium-236 levels are 
diluted by the co-presence of natural uranium.  
 
Contamination areas that have measurable uranium-235 depletion and presence of uranium-236 likely consist 
mainly of recycled uranium, which is not significantly mixed with contamination from natural uranium, 
otherwise, uranium-235 depletion would be hard to discern.  It is possible that differences in handling 
procedures from those for usual feed, along with required high output levels, might have contributed to 
releases of recycled uranium in the areas in which feed was handled in the vicinity of G-1. 
 
Groundwater and Surface Water 
 
Uranium isotope ratios measured in site groundwater were very similar to those in soil as shown in Table 6-4 
and Figure 6-3. ICP-MS measurements were made on 17 groundwater samples. Of these measurements, 10 
had measurable levels of uranium-235 and four had measurable levels of uranium-234. No sample had a 
measurable uranium-236 level. The average measured uranium-235:uranium-238 ratio in site groundwater 
samples of 0.0063 (0.63%) by mass, was nearly the same as that in site soils, while the average uranium-
234:uranium-238 activity ratio of 0.93 was close to the value of 0.87 in site soils. 
 
Four background groundwater wells were sampled, and uranium isotopes analyzed by ICP-MS. Detectable 
levels of uranium-238 were found in all four samples, but the only other positive result was uranium-235 

Former Harshaw Chemical Site Page 6-5 
Remedial Investigation Report 
Revision 1  
December 2009 



 

levels in a sample from one well (MW003). The uranium-235:uranium-238 ratio determined in this sample 
was 0.0064 (0.64%), very nearly the same value as for site groundwater. 
 
While these results suggests that uranium-235:uranium-238 ratios in site groundwater are not depleted (nor 
enriched) relative to background, the site values do indicate depletion relative to standard ratios for both 
uranium-234:uranium-238 and uranium-235:uranium-238.  Given the stronger measurements in site 
groundwater, both in terms of numbers of detects and overall levels, it might be concluded that site 
groundwater has the same uranium-234:uranium-238 and uranium-235:uranium-238 ratios as site soils, and 
that these ratios are slightly depleted on average relative to natural uranium. A lone background groundwater 
sample would not be sufficient to firmly establish a measured background ratio. 
 
Four surface water samples taken from site storm sewers were analyzed, which produced one uranium-
235:uranium-238 result of 0.0064 (0.64%) by mass, essentially the same as site groundwater and background 
groundwater. This result would not be unexpected, given the possibility of groundwater infiltration into the 
storm sewers. 
 
Summary of Results 
 
In summary, uranium isotope ratios in site soils, groundwater, and surface water measured by ICP-MS 
indicate the presence of residuals of slightly depleted uranium similar to the recycled uranium processed 
from Hanford.  Measured uranium-235:uranium-238 ratios are similar to documented ratios in Hanford feed.  
Conversely, there is no evidence of the presence of enriched uranium in any of the same samples. No site 
samples exceeded uranium-235:uranium-238 ratios measured in background soils, while background 
groundwater results were insufficient for such comparisons for site groundwater samples. However, results 
for site soils, groundwater, and surface water results indicated slightly depleted levels of uranium-234 and 
uranium-235 compared to standard values for natural uranium. Areas of presumed natural uranium 
contamination were also detected in soil, as indicated by reduced or undetectable levels of uranium-236 
relative to uranium-238 levels. It is likely that there are areas of mixed normal and depleted uranium 
contamination in the vicinity of G-1, since large quantities of feeds of each type were handled there. 
However, no attempt is made here to quantify the relative contributions of each feed material to residual 
uranium contamination. 
 
While gamma spectroscopy measurements of uranium-235:uranium-238 ratios in site soils indicated slightly 
elevated uranium-235 compared to natural uranium, background soils also exhibited the same general 
elevation by this method. In addition, uncertainties in measured ratios were quite high, and generally 
unsuitable for making fine determinations of enrichment levels near natural levels as exist at the site. Thus, 
even though measured ratios were elevated in nearly all samples, only 18% of samples had ratios 
significantly exceeding natural ratios when accounting for uncertainty. 
 
Alpha spectrometry produced somewhat mixed results, with average measured uranium-234:uranium-238 
ratios of 1.0 equal to natural levels and uranium-235:uranium-238 ratios of 0.088 approximately double the 
natural ratio of 0.046. These results are in conflict, since if uranium-235 was enriched, uranium-234 would 
not be at natural levels.  Of the two measurements, uranium-234:uranium-238 might be expected to be more 
reliable, because the activities of the two isotopes are nearly the same, while those of uranium-235 are more 
than an order of magnitude lower. It is possible that the uranium-235 measurements had an intrinsic high bias 
that might be attributable to the fact that many measurements were near detection limits where alpha peak 
stripping methods might introduce a high bias and/or from interference from uranium-236 in recycled 
uranium.  
 
Of the three methods, only ICP-MS produced measurements of both uranium-234:uranium-238 and uranium-
235:uranium-238 ratios that had high precision, measured both ratios simultaneously, and produced 
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internally consistent results and results consistent with site records. This being the case, the ICP-MS 
measurements of uranium isotope measurements are considered to be definitive measurements, while gamma 
and alpha spectroscopy methods are considered secondary in this regard. However, given the much greater 
site coverage of the latter two methods and the fact that their respective measurements bound the range of 
isotope ratios, they provide good evidence that the results for the more limited ICP-MS data set are 
extendable to the site as a whole. 
 
Although a slight bias high in measured uranium-235 activities was identified in the gamma and alpha 
spectroscopy results, this bias has no significant impact on calculated total uranium values used in the RI to 
define the extent of contamination, or as part of the BRA to evaluate risk, as any such bias would represent a 
conservative estimation, and thus does not adversely impact RI project goals or objectives.  As a result, the 
project assumption regarding the presence of primarily natural or slightly depleted uranium at the Former 
Harshaw Chemical Site is considered accurate based on available information and site characterization 
results. 
 
6.1.1.3   Radiological Soil Screening Correlation 
 
A radiological soil screening correlation was conducted using static gamma measurements to compare the 
response of a NaI 2 inch by 2 inch radiation detector and a FIDLER detector for on-site soil samples.  These 
measurements were correlated with corresponding on-site BEGe laboratory and off-site GEL analytical data 
for the samples, as described in Section 3.2.1.3 of this report.  Results of the soil screening correlation were 
used to evaluate the effectiveness of radiological soil screening and its use during potential future remedial 
activities.  Table 6-5 presents the field screening and analytical data used in the correlation study. 
 
Based on on-site BEGe laboratory results, Former Harshaw Chemical Site soil samples with elevated activity 
were selected for the study.  Samples were divided into two groups: 12 samples (uranium-1 through uranium-
12 in Table 6-5) with analytical data indicating elevated processed uranium (from 9.6 to 3,379 pCi/g 
uranium-238), and three samples (thorium-1 through thorium-3 in Table 6-5) with analytical data indicating 
elevated thorium (from 15.8 to 165.2 pCi/g of thorium-232).  A soil sample with activity comparable to 
background was also selected (Bkg-1 in Table 6-5).  
 
All measurements were taken with the bottom of the detectors suspended 4 inches over the surface of the soil 
samples, which were held in individual plastic containers with a diameter of 5 inches, and a typical depth of 
3 inches.  Because samples were not fully contained, measurements were performed in a HEPA filtered 
laboratory hood.  All samples were homogenized in the field, with most undergoing additional 
homogenization at an off-site lab before being returned to the site for this evaluation.  Off-site lab alpha 
spectroscopy uranium results have been included in Table 6-5 for information only, as on-site BEGe 
laboratory uranium-238 and thorium-232 results were used to correlate instrument responses.   
 
Using a reproducible geometry, a 1-minute count was collected on each sample with both the NaI 2-inch by 
2-inch and FIDLER.  Count-rate data were then transferred to a spreadsheet (Table 6-5), which subtracted 
the background sample count-rate (BCPM) from the sample count-rate (GCPM) for a net count-rate 
(NCPM).  The spreadsheet then calculated the ratio between the net count-rate and the concentration of 
uranium-238 and thorium-232 in the sample. 
 
Figure 6-6 illustrates the relationship between the FIDLER and NaI 2-inch by 2-inch response to the Former 
Harshaw Chemical Site processed uranium and natural thorium. 
 
To evaluate the strength of the relationship between the on-site BEGe laboratory uranium-238 activities and 
the NaI 2-inch by 2-inch and FIDLER net count-rates, statistical correlations were performed.  Correlation 
analysis was not conducted on the thorium-232 results due to small sample size. 
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Prior to the correlation analysis, the data distribution of each dataset was determined as being normal, 
lognormal, or undefined.  This was done using the Shapiro-Wilk statistic, assuming a 0.05 significance level.  
The NaI 2-inch by 2-inch and FIDLER data were determined to be neither normal nor lognormal while the 
on-site BEGe laboratory data fit a lognormal distribution.  Due to the differing distributions, Spearman’s 
Rank Correlation was used to evaluate the strength of relationships between the constituents.  Spearman's 
Rank Correlation is a nonparametric analysis that expresses the strength of the relationship on a scale ranging 
from -1 to 1 (with correlation coefficients equal to or near 1 and -1 indicating a good relationship).  
Spearman’s Rank Correlation uses the ranks of the data to calculate a correlation coefficient.  Correlations 
were determined to be significant at the 95% confidence level.  Table 6-6 presents the results of the 
Spearman’s Rank Correlation analysis. 
 
Statistically significant correlations (p<0.05) were observed between the on-site BEGe laboratory uranium-
238 activities and the FIDLER and NaI 2-inch by 2-inch net count-rates.  The correlation between the on-site 
BEGe laboratory activities and FIDLER net-count rates is stronger (r = 0.95) than the correlation between 
the on-site BEGe laboratory activities and the NaI 2-inch by 2-inch (r = 0.60). 
 
NaI 2-inch by 2-inch and FIDLER detectors respond similarly to the Former Harshaw Chemical Site 
radionuclides, as is illustrated in Figure 6-6.  The statistically significant correlation between the on-site 
BEGe laboratory activities and the FIDLER and NaI 2-inch by 2-inch counts, coupled with the consistency 
of response between the two detectors, evidenced by the moderately strong correlation between the 
instrument counts (r = 0.69), suggests that either detector may be adequate to locate elevated radioactivity at 
the Former Harshaw Chemical Site in surface soil.  In all cases, the FIDLER detector had a greater response 
than the NaI 2-inch by 2-inch detector.  However, the usability of this type of detector is dependent on the 
survey environment; it is more cumbersome in the field, less rugged, and less available than a NaI 2-inch by 
2-inch. 
 
The study was conducted on containerized soil in contrast to the actual in-situ measurements required in the 
field.  Variables associated with field in-situ measurements include:  
 
• Depth of contamination present; 
• Width of contamination present; 
• Meteorological conditions; 
• Soil moisture content; 
• Varying soil density; 
• Varying background activity in different areas of the site; and 
• Varying ratios of radionuclides in soil. 
 
6.1.1.4   Radium-226 Re-Analysis 
 
As stated in Section 3.2.1.4, after the Phase I sampling was completed, the question arose as to whether the 
on-site BEGe laboratory was holding soil samples long enough to allow for adequate in-growth of radon-222 
decay products (i.e., bismuth-214) to be able to accurately measure soil concentrations of the parent isotope 
radium-226.  Therefore, a total of 15 samples that were previously analyzed in the on-site BEGe laboratory 
were sent for off-site analyses at the project laboratory (GEL).  The bismuth-214 concentrations were 
measured in these soil samples using gamma spectroscopy at GEL, and compared to the concentrations of 
radium-226 originally reported by the on-site BEGe laboratory (also via bismuth-214).  As seen in Figure 6-
3, for the 15 samples that were recounted, the average percent difference is minus fourteen percent (-14%).  
In other words, the on-site BEGe laboratory underestimated radium-226 concentrations by approximately 
14%, when compared to radium-226 results reported from an off-site laboratory which utilized longer 
holding times to ensure more complete in-growth of radon-222 decay products.  The underestimation is 
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consistent with what would be expected (see Section 3.2.1.4).  However, note that as presented in Figure 6-3, 
there is a greater difference in results for radium-226 concentrations that were reported to be less than 
approximately 1.5 pCi/g via the on-site BEGe laboratory.  For elevated results, the on-site BEGe laboratory 
results are actually somewhat higher than the recounted results.  Therefore, it is concluded that the overall 
amount of potential underestimation in the radium-226 concentrations by the on-site BEGe laboratory is not 
significant, and that the radium-226 data set generated by the on-site gamma spectroscopy is adequate to 
determine nature and extent and characterize risks at this site. 
 
6.1.2  Stream Water Elevation Data 
 
Staff gauges were installed at four locations on the Cuyahoga River and Big Creek during Phase II of the RI 
to provide surface water level elevation data for both the Cuyahoga River and Big Creek.  A total of three 
measurement events were conducted at staff gauges (Figure 2-10), as described in Section 3.2.3.  Table 6-7 
presents the results of all measurement events conducted during the RI. 
 
Results of stream water measurements on the four staff gauges showed a range of stream surface elevations 
with a minimum of 572.49 ft amsl (Staff Gauge #4 in October 2004) and a maximum of 575.75 ft amsl (Staff 
Gauge #1 in May 2005).  Stream water elevation data are used in support of the groundwater flow and 
transport evaluation presented in Section 7. 
 
6.1.3  Source Water Field Blanks 
 
Source water field blanks were collected during Phase I to characterize the water being brought onto the site 
for equipment decontamination and general site activities.  Two samples of non-potable source water were 
collected: one from an on-site polyethylene tank used to store water obtained from a City of Cleveland fire 
hydrant located at the site entrance, and one sample from the drilling subcontractor’s water tank that was also 
filled from the hydrant.  Both samples were analyzed for the parameters listed in Section 3.2.4 of this RIR.  
Table 6-8 presents the analytical results for both source water field blank samples collected during the RI. 
 
Results of source water field blank sampling confirmed the source water introduced to the site did not 
contain any detectable amounts of analyzed radionuclides or PAHs.  All metals analyzed were detected at 
concentrations less than 3 ug/L in both samples, except lithium which was detected at 12.3 ug/L in one of the 
samples.  TPH-DRO was detected in only one of the samples, at 0.1 mg/L. 
 
6.1.4  Downhole Gamma Logging 
 
Downhole gamma logging was conducted on a subset of completed soil borings during Phase I of the RI.  A 
total of 94 borings were logged using this technique as described in Section 3.2.7.3.2.  The results of all 
downhole gamma logging conducted during the RI were evaluated prior to the start of the Phase II field 
effort. 
 
The gamma logging was conducted using an automated winch system to collect continuous readings along 
the entire borehole length.  No screening levels or ALs applied to this data collection task because the 
gamma logging was conducted after soil boring installation and sampling were completed.  Downhole 
gamma logging data were plotted for comparison with laboratory analytical results for radiological soil 
samples collected from each applicable soil boring.  Representative gamma logs and the associated total 
uranium results are shown in Appendix 1F. 
 
The comparison of gamma logging results generally indicated only moderate correlation with analytical data 
for Geoprobe soil borings between 0 to 12 ft bgs.  Also, some problems associated with inserting the 
protective PVC casing within the smaller-diameter Geoprobe soil borings were encountered during field data 
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collection activities.  Deeper soil borings completed with the hollow-stem auger rig in fill material and with 
confirmed subsurface radiological contamination showed a stronger correlation with laboratory analytical 
results.  In specific instances where deep fill contamination is present, such as in IA04 along the western 
bank of the Cuyahoga River, downhole gamma logging was determined to be relatively effective at 
identifying vertical zones of radiological contamination in soil. 
 
Based on the results of the above comparison and lessons-learned during field implementation, the downhole 
gamma logging method may be considered a useful qualitative field-screening tool best suited for use in 
areas where subsurface (greater than 10 ft bgs) fill material or radiological contamination is suspected. 
 
6.1.5  Geochemical Sampling 
 
Geochemical soil, groundwater, and surface water samples were collected during Phase II of the RI.  A total 
of three soil, twelve groundwater, and two surface water samples were collected.  The geochemical soil 
samples were submitted to the off-site laboratory for analysis of Kd (partition coefficient, ASTM 4646.03).  
Water needed for the Kd analyses was collected from on-site groundwater wells to provide the most 
representative site-specific results.   
 
Groundwater and surface water samples were submitted for geochemical analysis of the following 
parameters: 
 
• TDS; 
• TSS; 
• Major Anions (CO3-2, HCO3-, SO4-2, Cl-, F-); 
• TAL metals; and 
• Alkalinity. 
 
Table 6-9 presents the analytical results for all geochemical samples collected during the RI, and Kd results 
are presented in Table 7-9.  TDS ranges from 484 to 3,320 mg/L, and TSS ranges from 1.8 to 136 mg/L.  The 
anions detected at the highest concentrations are chloride and sulfate.  Results of the geochemical sampling 
were used in support of the groundwater flow and transport evaluation (Section 7). 
 
6.1.6  Geotechnical Sampling 
 
Disturbed and undisturbed geotechnical soil samples were collected from temporary piezometer borings in 
IA03 and IA04 during Phase II of the RI.  A total of three samples were collected and analyzed for the 
following geotechnical parameters:   
 
• Grain Size; 
• Moisture Content; 
• Bulk Density; 
• Total Organic Carbon; 
• Porosity; and 
• Permeability 

o Vertical, 
o Horizontal. 

 
The analytical results for geotechnical sampling are summarized in Table 6-10, and detailed analytical 
reports are included in Appendix 1D.  Vertical permeability ranged from 2.10E-05 to 3.99E-07 cm/sec, while 
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horizontal permeability ranged from 1.36E-07 to 3.55E-07 cm/sec.  Bulk density ranged from 2.16 to 2.44 
g/mL. 
 
Results of the geotechnical soil sampling were used to support the groundwater flow and transport evaluation 
(Section 7).  Resultant soil data may also provide useful information regarding the engineering properties of 
site soil during potential future site remedial activities. 
 
6.1.7  Meteorological Data 
 
Meteorological data collection was conducted during Phase I of the RI using an automated weather station 
located on-site near the field trailers.  Average wind speed, wind direction, temperature, and total rainfall 
were measured continuously from April 24 through November 6, 2003.  Values for all parameters were 
reported as hourly averages by the station data logger. 
 
The following table summarizes the meteorological data collected during the RI: 
 

Parameter  Value 
Wind Direction (Mean)  193 degrees (north = 0 degrees) 
Wind Speed (Mean)  4 miles per hour 
Temperature (Mean for Measured Period)  63.9°F 
April  54.9°F 
May  58.5°F 
June  71.0°F 
July  72.8°F 
August  73.7°F 
September  64.1°F 
October  51.6°F 
November  59.6°F 
Rainfall (Total)  22 inches 

 
Monthly mean wind direction and wind speed data were acquired through the National Oceanic and 
Atmospheric Administration (NOAA) National Climatic Data Center (NCDC) online database and represents 
data from 1930 through 1996.  The mean wind direction and wind speed for Cleveland, Ohio during the 
period of record noted above were 255 degrees (west-southwest) and 9.6 miles per hour. 
 
The more southerly mean wind direction measured at the site suggests the site location within the north-south 
trending Cuyahoga River valley may have an effect on the regional southwest wind direction measured at 
higher elevations (above the valley floor). 
 
6.2   BACKGROUND SAMPLING RESULTS 
 
Background soil, sediment, and groundwater samples were collected and analyzed to provide data for the 
derivation of site-specific background values.  The resulting values serve as the criteria for distinguishing 
whether the site data indicate increased concentrations that may be due to MED/AEC-related site operations.  
Calculated background values for the Former Harshaw Chemical Site are provided in Table 8-7.  Sample 
data collected from the site are compared to the background screening value for each analyte in the 
background dataset.  Environmental sample results greater than the site-specific background screening value 
are further evaluated in the BRA (Section 8).   
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6.2.1  Soil 
 
Background soil from both industrial and non-industrial background locations were collected during Phase I 
of the RI.  A total of 36 non-industrial and 45 industrial soil samples were collected as described in Section 
3.3.1 of this RIR (Figure 3-1).  Table 6-11 presents the analytical results for all background soil samples 
collected during the RI. 
 
6.2.1.1   Industrial Background Soil 
 
Industrial background soil results for chemical COIs are summarized as follows: 
 

Minimum Detected Concentration Maximum Detected Concentration 
Constituent Concentration Location Concentration Location 

Lithium 6,590 ug/kg BKG-SB0010 35,600 ug/kg BKG-SB0015 

Molybdenum 1580 ug/kg BKG-SB0893 19,900 ug/kg BKG-SB0014 

Kerosene 
(TPH-DRO) 1.5 mg/kg 

BKG-SB0009 
and 

BKG-SB0909 
2,140 mg/kg BKG-SB0002 

 
Industrial background soil results for PAHs showed a total of 18 detected PAH parameters with a minimum 
value of 0.639 ug/kg (fluoranthene at BKG-SB0010) to a maximum value of 138,000 ug/kg (phenanthrene at 
BKG-SB0013).  PAH result values are higher in surface soil than in total soil due to the nature of PAH 
sources in the environment.  PAH results for soil samples from industrial borings are generally an order of 
magnitude higher than values for non-industrial soil samples. 
 
Industrial background soil results for radiological COIs are summarized as follows: 
 

Minimum Detected Concentration Maximum Detected Concentration 

Constituent Concentration Location Concentration Location 

Total uranium 0.0591 pCi/g 
0.0869 mg/kg BKG-SB0019 7.215 pCi/g 

10.610 mg/kg BKG-SB0014 

Thorium-232 0.38 pCi/g BKG-SB0011 1.84 pCi/g BKG-SB0010 
Thorium-230 0.46 pCi/g BKG-SB0032 1.84 pCi/g BKG-SB0001 
Thorium-228 0.32 pCi/g BKG-SB0032 1.44 pCi/g BKG-SB0014 
Radium-228 0.32 pCi/g BKG-SB0032 1.44 pCi/g BKG-SB0014 
Radium-226 0.461 pCi/g BKG-SB0011 1.941 pCi/g BKG-SB0014 

Former Harshaw Chemical Site Page 6-12 
Remedial Investigation Report 
Revision 1  
December 2009 



 

6.2.1.2   Non-industrial Background Soil 
 
Non-industrial background soil results for chemical COIs are summarized as follows: 
 

Minimum Detected Concentration Maximum Detected Concentration 
Constituent Concentration Location Concentration Location 

Lithium 8,520 ug/kg BKG-SB0017 31,700 ug/kg BKG-SB0020 
Molybdenum 1,120 ug/kg BKG-SB0020 4,130 ug/kg BKG-SB0020 

Kerosene 
(TPH-DRO) 1.3 mg/kg BKG-SB0022 19 mg/kg BKG-SB0016 

 
Non-industrial background soil results for PAHs showed a total of 18 detected PAH parameters with a 
minimum value of 0.585 ug/kg (fluoranthene at BKG-SB0025) to a maximum value of 3,120 ug/kg 
(phenanthrene at BKG-SB0023).  PAH result values are higher in surface soil than in total soil due to the 
nature of PAH sources in the environment.  PAH results for soil samples from industrial borings are 
generally an order of magnitude higher than values for non-industrial soil samples. 
 
Non-industrial background soil results for radiological COIs are summarized as follows: 
 

Minimum Detected Concentration Maximum Detected Concentration 
Constituent Concentration Location Concentration Location 

Total uranium 0.059 pCi/g 
0.087 mg/kg BKG-SB0019 4.946 pCi/g 

7.274 mg/kg BKG-SB0026 

Thorium-232 0.708 pCi/g BKG-SB0023 1.405 pCi/g BKG-SB0020 
Thorium-230 0.646 pCi/g BKG-SB0017 1.47 pCi/g BKG-SB0020 
Thorium-228 0.576 pCi/g BKG-SB0026 1.405 pCi/g BKG-SB0020 
Radium-228 0.576 pCi/g BKG-SB0026 1.405 pCi/g BKG-SB0020 
Radium-226 0.581 pCi/g BKG-SB0017 1.207 pCi/g BKG-SB0020 

 
6.2.2  Sediment and Surface Water 
 
Background sediment and surface water samples were collected during Phase I of the RI.  A total of 12 
collocated sediment and surface water samples were collected, as described in Section 3.3.3 (Figure 3-2).  
Tables 6-12 and 6-13 present the analytical results for all background sediment and surface water samples 
collected during the RI, respectively. 
 
Background sediment results for chemical COIs are summarized as follows: 
 

Minimum Detected Concentration Maximum Detected Concentration 
Constituent Concentration Location Concentration Location 

Lithium 7130 ug/kg BKG-SD0009 16300 ug/kg BKG-SD0005 

Molybdenum 1260 ug/kg BKG-SD0009 9450 ug/kg BKG-SD0001 

Kerosene 
(TPH-DRO) 4.3 mg/kg BKG-SD0004 371 mg/kg BKG-SD0003 
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Background sediment results for radiological COIs are summarized as follows: 
 

Minimum Detected Concentration Maximum Detected Concentration 
Constituent Concentration Location Concentration Location 

Total uranium 1.27 pCi/g BKG-SD0006 5.25 pCi/g BKG-SD0002 
Thorium-232 0.368 pCi/g BKG-SD0012 1.06 pCi/g BKG-SD0002 
Thorium-230 0.38 pCi/g BKG-SD0009 1.5 pCi/g BKG-SD0002 
Radium-228 0.368 pCi/g BKG-SD0012 1.06 pCi/g BKG-SD0002 

 
Background surface water results for chemical COIs are summarized as follows: 
 

Minimum Detected Concentration Maximum Detected Concentration 
Constituent Concentration Location Concentration Location 

Lithium 13.4 ug/L BKG-SW0010 24.5 ug/L BKG-SW0003 

Molybdenum 13.1 ug/L 
BKG-SW0002 

and  
BKG-SW0003 

33.2 ug/L BKG-SW0008 

Kerosene 
(TPH-DRO) 0.14 mg/L BKG-SW0012 0.2 mg/L BKG-SW0001 

 
Background surface water results for total uranium ranged from a minimum of 0.807ug/L at BKG-SW0011 
to a maximum of 1.5 ug/L at BKG-SW0001. 
 
6.2.3  Groundwater 
 
Background groundwater samples were collected during Phase I, Phase II, and IV of the RI.  A total of 14 
samples were collected from the RI background monitoring wells as described in Section 3.3.4 of this RIR.  
Table 6-14 presents the analytical results for all background groundwater samples collected during the RI.  
Sampling locations (i.e., the background monitoring wells) are presented on Figure 2-9. 
 
Background groundwater results for chemical COIs (Phase I only) are summarized as follows: 
 

Minimum DetectedConcentration Maximum Detected Concentration 
Constituent Concentration Location Concentration Location 

Lithium 7.98 ug/L BKG-MW0001 34.2 ug/L BKG-MW0004 
Molybdenum 1.45 ug/L BKG- MW0002 17.8 ug/L BKG- MW0001 
Kerosene  
(TPH-DRO) 0.038 mg/L BKG- MW0005 0.22 mg/L BKG-MW0004 
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Background groundwater results for radiological COIs are summarized as follows: 
 

Minimum Detected Concentration Maximum Detected Concentration 
Constituent Concentration Location Concentration Location 

Total uranium 0.245 ug/L BKG-MW0002 6.84 ug/L BKG-MW0003 
Thorium-232 Not detected Not detected 

Thorium-230 Only one detection - presented as 
maximum. 0.72 pCi/L BKG-MW0005 

Thorium-228 Only one detection - presented as 
maximum. 2.63 pCi/L BKG-MW0002 

Radium-228 1.57 pCi/L BKG-MW0001 2.78 pCi/L BKG-MW0005 
Radium-226 0.27 pCi/L BKG-MW0003 2.29 pCi/L BKG-MW0005 

 
6.3   BUILDING CHARACTERIZATION RESULTS 
 
The following sections present the results of building material sampling activities and radiological building 
surveys conducted during the RI for targeted radiological parameters.   
 
Building material sampling was conducted, along with radiological surveys, during Phase I and Phase II of 
the RI field work to determine the nature and extent of contamination on building materials such as dust, 
sediment, roofing material, and concrete floors.  Specific locations and numbers of volumetric building 
material samples were identified in the field by the RPM (with USACE approval) depending on observed 
conditions and the presence of sufficient volumes of each medium.  Volumetric building material samples 
were collected for COI radionuclides (Table 6-15).  Roofing materials were also analyzed for asbestos.  A 
subset of building material samples from Building G-1 (IA01) were also collected for waste characterization 
parameters (Table 6-16) to provide data for potential future disposal activities associated with Building G-1.  
 
The Former Harshaw Chemical Site is presently in the site characterization and risk evaluation phase, and 
site-specific screening levels for volumetric building material have not yet been calculated.  For the purposes 
of the RI, the volumetric screening values currently identified in NUREG-1757, Consolidated NMSS 
Decommissioning Guidance (NRC, 2003) were used (the same values were previously identified in NUREG-
1727 which was superseded by the more recent NUREG-1757).  The NRC also has published generic, 
interim-screening values of common radionuclides for building surfaces and surface soil contamination 
levels in NUREG-1757.  Although not directly applicable for volumetric building materials (dust 
residues/other site volumetric samples), NUREG-1757 screening values are conservative and provide a good 
starting point to determine if the radiological contaminant levels in the “soil-like” material meet the NRC’s 
definition for unrestricted release.  Thus, the screening level for total uranium in volumetric building material 
samples is 13 pCi/g. 
 
NUREG-1757 screening levels for volumetric materials are based on uniform contamination levels in surface 
soil distributed spatially within the survey area that corresponds to the dose based release criterion of 25 
mrem/year to an average member of the critical group.  The screening levels for “soil-like material” assume 
an area of soil contamination of 2,400 m2.  The actual areas sampled (i.e., concrete floor, floor penetration, 
roof, or overhead structures) were a small fraction of 2,400 m2.  Therefore, it is very conservative to use the 
NUREG-1757 screening levels for volumetric building materials. 
 
Sections 6.3.2 (IA01) and 6.3.3 (IA02) present the results of the building material sampling, including a 
comparison to the total uranium screening level of 13 pCi/g.  A portion of the building material samples were 
collected for investigative planning and informational purposes only (Figure 3-6). 
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A radiological survey was performed on selected buildings at the Former Harshaw Chemical Site, as 
described in Section 3.4.1.2.  Two subsets of site building surfaces were characterized for radiological 
constituents in a limited effort (i.e., fractional coverage of any building surface).  These subsets included 
IA01 (Building G-1) and IA02 (Boiler House, Warehouse, Scale House, Foundry, and Garage).  Building 
interior surfaces previously released by the NRC (Warehouse, Foundry, and Garage) and buildings erected 
after MED/AEC activities (water treatment plant) were not included in this effort. 
 
The primary purpose of this effort was to provide data sufficient to plan future actions such as demolition, 
decontamination, and/or final status surveys.  Given the limited scope of this task, the survey design was not 
intended to conclusively demonstrate compliance with regulatory standards, although data may ultimately be 
used to support that purpose.  Data collected during this effort are used to assess the risk to human health 
(i.e., radiological dose and risk) in the BRA (Section 8), and may be used to plan waste disposition and 
support additional characterization efforts. 
 
Survey activities were conducted in accordance with the standard operating procedures provided in the RI 
SAP (SAIC 2003b).  The field investigation consisted of: 
 
• Surface beta (area) scans to identify the potential for isolated areas of contamination;  
• Measurements of total alpha and beta surface activity at systematic grid locations, scan follow-up 

locations, duplicate locations, and discretionary locations;  
• Measurements of removable alpha and beta surface activity; and 
• Measurements of external gamma dose rate.   
 
As described in Section 3.4.1.2, in the absence of site-specific limits, NRC Regulatory Guide 1.86 average 
values for natural uranium were used for surface screening levels including 1000 dpm/100 cm2 for removable 
alpha and beta activity and 5000 dpm/100 cm2 for total alpha and beta activity.  With the exception of 
Building G-1, no alpha results exceeded 20% of the total or removable surface screening level.  When an 
alpha result in excess of the screening level is identified in Building G-1, beta activity is always at least an 
order of magnitude higher.  For ease of presentation, results focus on beta activity results. 
 
Sections 6.3.2.2 (IA01) and 6.3.3.2 (IA02) discuss fixed-point data collected on a grid system.  Grid systems 
are shown in Figures 3-7 through 3-12.  Prior to summarizing this data, measurements initiated by an 
elevated scan result (hot spot measurements), duplicate measurements, and discretionary measurements were 
removed from the dataset.  This method allows unbiased statistical evaluation of randomly distributed fixed-
point survey data.  Summaries of beta activity results for each building are provided in Tables 6-17 through 
6-23 and Figures 6-7 through 6-13 (histograms).  In cases where discretionary fixed-point measurements 
were consolidated as a Master Unit, statistical data are summarized in the data summary table, but not on the 
histogram.  
 
Prior to the start of the site survey activities, a mean reference activity was determined for each medium and 
surface scanning survey instrument combination (Section 6.3.1). During field activities the mean 
detector/medium-specific reference values were subtracted from every measurement to produce net (above 
background) results.  Wood and roofing material could not be located in the reference area, so a 
conservatively low background value (steel) was used when these surfaces were encountered. 
 
Appendix 1C provides supporting data, including a summary of results by master unit (MU), fixed-point 
measurements and scan data, and dose rate survey results. 
 

Former Harshaw Chemical Site Page 6-16 
Remedial Investigation Report 
Revision 1  
December 2009 



 

6.3.1  Building Radiation Survey Reference Measurements 
 
Because surface screening limits in dpm/100 cm2 are expressed as above background concentrations, 
building radiation reference surveys were conducted to evaluate background, or reference-level, radiological 
activity on structure surfaces of non-impacted buildings for the building radiation surveys.  A total of five 
reference surveys per building media type were conducted, as described in Section 3.4.1.2 Table 6-24 
presents the results of all building radiation reference surveys conducted during the RI. 
 
6.3.2  IA01 (Building G-1) 
 
The following sections discuss the results of building material sampling and radiation surveys at IA01. 
 
6.3.2.1   Building Material Sampling 
 
Twenty-two samples obtained from the Building G-1 roof, roof gravel, a windowsill, walls, floor, and floor 
trenches were analyzed at an off-site laboratory for radiological COIs.  The results are summarized in Table 
6-15.  Results for additional parameters, including asbestos (for roofing material) and waste characterization 
parameters (Section 3.4.3.2) are presented in Table 6-16.  Six of the 22 samples were analyzed for waste 
characterization parameters, and two additional samples were collected and analyzed for asbestos only.  
Complete results of these analyses are presented in Appendix 1D.  Sample locations (Figures 3-3 and 3-4), 
and rationales for collection are listed in Table 3-3.  Rationale notes identify whether sample locations were 
biased high to a location of elevated beta activity identified with field survey instrument, or not biased, where 
the location was selected for area coverage or bounding, intended to isolate areas of elevated activity. 
 
Twenty-one of the samples exceed the volumetric total uranium screening level.  Building material sample 
results for Building G-1 are summarized as follows: 
 
• Total uranium ranged from a minimum of 6.09 pCi/g (at IA01-BM0006, a roof sample) to a maximum of 

13,381 pCi/g (at IA01-BM0015, a concrete floor sample from the third level of the building); 
• Radium-228 was detected in less than half of the samples, with a maximum detected activity of 1.90 

pCi/g at IA01-BM0019 (trench sediment); 
• Thorium-228 was detected in less than half of the samples, with a maximum detected activity of 2.09 

pCi/g at IA01-BM0019 (trench sediment); 
• Thorium-230 was detected in all samples, ranging from 0.33 pCi/g (at IA01-BM0006, a roof sample) to 

833 pCi/g at IA01-BM0015 (a concrete floor sample from the third level of the building); and 
• Thorium-232 detected activities ranged from 0.20 pCi/g (at IA01-BM0004, a roof sample) to 3.28 pCi/g 

(at IA01-BM0015, a concrete floor sample from the third level of the building). 
 
Total uranium results for all building material samples except the one collected at roof location IA01-
BM0006 (and the corresponding field duplicate sample) were above the volumetric screening level of 13 
pCi/g.  The maximum result for total uranium in Building G-1 was associated with a concrete floor coring 
installed through the third floor of the east high-bay structure.  Examination of the removed core identified a 
thin layer (approximately 1 inch) of yellowcake material at a depth of approximately 0.5 ft below the floor 
surface.  Results suggest concrete was poured over contaminated floor surfaces, covering deposited 
yellowcake material.  Figure 6-14 shows the yellowcake layer found in Building G-1 floor coring location 
IA01-BM0015. 
 
In addition to the samples analyzed at an off-site laboratory, selected samples were analyzed at the on-site 
BEGe laboratory.  The on-site BEGe laboratory is only calibrated for soil; therefore, results were not 
validated and are not presented.  Informational sample locations are presented in Figure 3-6. 
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6.3.2.2   Building Radiation Survey 
 
The purpose of the IA01 (Building G-1) survey effort was to: 
 
• Provide quantitative data to confirm the findings of previous investigations indicating Building G-1 

contains large areas of contamination; and 
• Identify large portions of the building, if any, which could be designated as non-radioactive and 

segregated during potential demolition activities. 
 
6.3.2.2.1   Building G-1 Exterior 
 
Building G-1 exterior walls, roof, windowsills, and discretionary locations were surveyed.  During the 
survey, widespread areas of surface activity in excess of the total beta surface screening level were identified.  
All removable activity measurement results, however, were below the removable screening level.  Results for 
the Building G-1 exterior survey are summarized in Table 6-17.  The histogram in Figure 6-7 illustrates the 
distribution of measured beta activity across the building exterior. 
 
The exterior walls of Building G-1 consist of 90% brick, with the rest of the building materials made up of 
glass, steel, wood, and concrete.  Due to unstable brick fascia, 5% of the exterior walls were excluded from 
the survey as a safety precaution.  Total beta activity in excess of the screening level criteria was identified 
on 27% of the survey locations on the exterior walls.  Fixed-point beta surveys identified a maximum beta 
activity of 306,749 dpm/100 cm2. 
 
Activity in excess of the surface screening level was identified at 64% of the roof survey locations.  
Fixed-point surveys identified a maximum beta activity of 395,830 dpm/100 cm2.  The mean beta activity of 
the survey grid was 33,486 dpm/100 cm2, with the highest activity located in the northwestern portion of the 
roof near an exhaust vent.  The activity decreased in a southwestern direction until the activity dropped 
below the surface screening level on the southwest portion of the roof.  The northwest corner of the roof had 
standing water and no structural inspection; it was therefore excluded from the survey due to safety issues.  
An area of the southwest roof was also unstable, and was excluded from the survey due to safety issues. 
 
On the windowsills, total beta activity in excess of the surface screening level was identified on 89% of the 
survey locations.  Fixed-point surveys identified a maximum beta activity of 324,820 dpm/100 cm2 and a 
mean activity of 47,798 dpm/100 cm2. 
 
Of the 29 exterior discretionary locations, total beta activity in excess of the surface screening level was 
identified on 59% of the survey locations.  Fixed-point surveys identified a maximum beta activity of 
205,273 dpm/100 cm2, which was located at the roll-up door entrance on the south (west) side of the south 
structure. 
 
In summary, widespread areas of fixed surface beta activity in excess of surface screening levels were 
identified, confirming previous information.  Elevated activity was identified over many areas of the roof and 
brick exterior. Dose rates ranged from 6 to 12 urem/hr for the exterior. 
 
6.3.2.2.2   Building G-1 Interior  
 
Building G-1 interior walls, floors, and discretionary locations were surveyed during the investigation.  
Widespread areas of surface beta activity in excess of the beta surface screening level were identified on 
walls and floors.  Isolated areas of removable beta activity in excess of the surface screening level were also 
identified.  Results for the Building G-1 interior survey are summarized in Table 6-18.  The histogram in 
Figure 6-8 illustrates the distribution of measured beta activity across the building interior. 
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In order to meet the survey objective of potentially segregating walls for disposal, wall survey data were 
subdivided by: North Structure, South Structure, and East Structure (Figure 3-8).  Floor surveys were 
segregated by floor level.  Discretionary locations were incorporated into wall and floor data. 
 
On Building G-1 interior walls, a horizontal grid was used with locations that were normally spaced at 5-m 
horizontal intervals with the vertical intervals at floor level, at 1 m, and at 4 m (Figure 3-8).  This grid pattern 
biased results toward lower wall areas.  Interior wall grid total beta activity in excess of the surface screening 
level was identified at the following frequencies: 
 
• On 63% of the South Structure first level, with a maximum of 1,518,459 dpm/100 cm2; 
• On 42% of the South Structure second level, with a maximum of 441,785 dpm/100 cm2; 
• On 44% of the North Structure first level, with a maximum of 778,042 dpm/100 cm2; 
• On 59% of the East Structure first level, with a maximum of 275,067 dpm/100 cm2; and 
• On 83% of the East Structure second and third levels, with a maximum of 247,683 dpm/100 cm2. 
 
In preparation for the floor survey, areas that were covered by dirt, dust, building debris, and pigeon 
droppings were swept.  The majority of the floors were concrete; approximately 15% were brick. 
Building G-1 floors were surveyed on a 5-m grid pattern (Figure 3-8).  Interior floor grid total beta activity in 
excess of the screening level criteria was identified at the following frequencies: 
 
• On 85% of the entire first level, with a maximum of 490,088 dpm/100 cm2; 
• On 55% of the South Structure second level, with a maximum of 231,133 dpm/100 cm2; 
• On 100% of the South Structure Mezzanine, with a maximum of 370,540 dpm/100 cm2; 
• On 71% of the East Structure second level, with a maximum of 26,366 dpm/100 cm2; and 
• On 100% of the East Structure third level, with a maximum of 257,220 dpm/100 cm2. 
 
The survey excluded two first floor Radioactive Material Storage Areas (RMSAs) along the northern wall, a 
small fenced RMSA on the second floor, and the south side of the upper levels of the East Structure.  
 
The highest beta activity encountered at the site was identified on an isolated area of the third floor of the 
East Structure with a value of approximately 3.7 million dpm/100 cm2.  Based on visual identification, the 
area appears to contain yellowcake (Figure 6-14).  Historical information about a lens of apparent 
yellowcake within portions of the floor has been confirmed through volumetric sampling, suggesting that 
concrete was poured over contaminated floors. 
 
In summary, widespread areas of fixed surface beta activity in excess of surface screening levels were 
identified, confirming previous information.  Removable activity in excess of the surface screening level was 
identified on isolated locations of the interior.  Large portions of the building that might be segregated as 
non-radioactive during a potential demolition were not identified.  Dose rates ranged from 9 to 50 µrem/hr. 
 
6.3.3  IA02 (Other Existing Buildings) 
 
The following sections discuss the results of building material sampling and radiation surveys at IA02. 
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6.3.3.1   Building Material Sampling 
 
Sixteen roof samples of the Warehouse and Foundry were collected.  Roofs were sampled to the depth of the 
roof supports.  Based on historical information, sample locations were concentrated on the north side of the 
Warehouse and the northeast section of the Foundry.  Sample locations are presented in Figure 3-5, and 
results are summarized in Table 6-15.  Sample locations and rationales for collection are listed in Table 3-3.   
 
The extreme northwest section of the Warehouse roof is gravel covered, while all other northern sections 
appear to have been re-surfaced (Figure 3-5).  Whether previous roofing material was removed or covered 
over is unknown.  Because of the shielding provided by new roofing material, surface alpha and beta 
measurements were considered to be an unreliable indicator of radionuclide concentration.  Of the 15 
Warehouse roof samples obtained, 6 exceeded the volumetric screening level of 13 pCi/g, and four were 
gravel samples.    
 
Building material sample results for the 15 samples collected from the warehouse roof are summarized as 
follows: 
 
• Total uranium ranged from a minimum of 0 pCi/g (at IA02-BM0011 and IA02-BM0012, both samples 

from the older, underlying roofing material) to a maximum of 540.90 pCi/g (at IA02-BM0005); 
• Radium-228 detections ranged from 0.14 pCi/g (IA02-BM0108) to 0.85 pCi/g (at IA02-BM0016, a 

roofing gravel sample); 
• Thorium-228 detections ranged from 0.14 pCi/g (at IA02-BM0108) to 1.07 pCi/g (at IA02-BM0104); 
• Thorium-230 detections ranged from 0.37 pCi/g (IA02-BM0010) to 4.45 pCi/g (at IA02-BM0016, a 

roofing gravel sample); and 
• Thorium-232 detections ranged from 0.19 pCi/g (IA02-BM0009) to 1.11 pCi/g (at IA02-BM0016, a 

roofing gravel sample). 
 
The east corner of Foundry roof was covered with a white, rubber-like material, which may have been due to 
a previous remedial action.  Two roof samples in the east corner exceeded the volumetric screening level for 
uranium.  Two additional samples were collected in the center of the northeast section of roof to bound 
(isolate) the potential elevated results of the northeast section.  The results from the second two samples did 
not exceed the screening level. 
 
Building material sample results for the four samples collected from the Foundry roof are summarized as 
follows: 
 
• Total uranium ranged from a minimum of 2.15 pCi/g at IA02-BM0007 to a maximum of 540.9 pCi/g at 

IA02-BM0005; 
• Radium-228 was not detected; 
• Thorium-228 was detected in one sample (IA02-BM0101) at 0.248 pCi/g; 
• Thorium-230 was detected in four samples, ranging from 0.50 pCi/g (IA02-BM0101) to 3.14 pCi/g 

(IA02-BM0005); and 
• Thorium-232 was detected in three samples, ranging from 0.16 pCi/g (IA02-BM0101) to 0.26 pCi/g 

(IA02-BM0006). 
 
In addition to the samples analyzed at an off-site laboratory, selected samples were analyzed at the on-site 
BEGe laboratory.  The on-site BEGe laboratory is only calibrated for soil; therefore, results were not 
validated and are not presented.  The purpose of these samples was two-fold.  The first six samples were for 
radionuclide identification and were not analyzed off-site.  The latter eight samples were intended to 
differentiate activity between the top (new) layer and bottom (old) layer of Warehouse roof.  All roofing 
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materials (top and bottom layers) at each location were composited together after analysis by the on-site 
BEGe laboratory, and then sent off-site for further analysis.  Informational sample locations are presented in 
Figure 3-6. 
 
6.3.3.2   Building Radiation Survey 
 
The purpose of the IA02 (Boiler House, Warehouse, Scale House, Foundry, and Garage) characterization 
effort was to:  
 
• Complete a limited characterization effort to identify radiological contaminants on building surfaces and 

to verify that historical survey results were less than the survey instrument MDCR; and 
• Establish the nature and extent of contamination (and to support planning if contamination was 

identified) and to provide data suitable to design the final status surveys that may be conducted following 
potential decontamination and decommissioning (i.e., remedial) activities if contamination was not 
identified. 

 
6.3.3.2.1   Boiler House  
 
The Boiler House accessible interior floor, accessible interior walls, exterior walls, windowsills, roof, and 
discretionary locations were surveyed.  The Boiler House is constructed of brick.  During the Boiler House 
survey, isolated locations of surface beta activity in excess of the screening level were identified on two 
exterior walls and the windowsills.  All other locations, including the interior of the structure, were below 
alpha and beta fixed and removable surface screening levels.  Results for the Boiler House survey are 
summarized in Table 6-19.  The histogram in Figures 6-15 and 6-16 illustrates the distribution of measured 
beta activity. 
 
Of the Boiler House exterior walls, activity in excess of the total beta surface screening level was identified 
at four locations, all less than 2 m above ground surface.  On the north wall, a 3 m2 area with a maximum 
beta activity of 8,862 dpm/100 cm2 was identified (Figure 6-15).  This area on the north wall was further 
evaluated during the Phase II field investigation.  During Phase II, 24 smears and 24 fixed point 
measurements were collected on the north wall.  Of the 24 measurements collected, 10 measurements had a 
total beta activity in excess of the screening level with a maximum total beta activity of 17,995 dpm/100cm2.  
Total beta activity fixed measurements exceeding the screening level represent an area less than 20 square 
meters (7.4% of the north exterior brick wall, with a maximum of 17,795dpm/100 cm2). 
 
On the east wall, a 1 m2 area with a maximum beta activity of 7,344 dpm/100 cm2 was identified during a 
scan of elevated activity follow-up (Figure 6-16), and so is not included in the data summary table or 
histogram.  Further evaluation of the elevated area was conducted during the Phase II field investigation.  
During Phase II, 13 smears and 13 fixed point measurements were collected on the east wall.  Of the 13 total 
beta measurements collected, 2 measurements had activity in excess of the screening level with a maximum 
of 13,319 dpm/100cm2.  Exterior wall grid total beta activity in excess of the surface screening level was 
identified at 0.9% of the east exterior brick wall, with a maximum of 13,319 dpm/100 cm2. 
 
The interior of the Boiler House contains an RMSA consisting of 24 large storage containers.  All 
measurements in this area were less than surface screening levels.  However, the radioactive material 
contained in the RMSA (i.e., the “shine”) likely increased the mean activity in the vicinity.  The presence of 
the RMSA storage containers also prevented access to 38% of the north interior wall and 40% of the floor.  A 
portion of the east wall (36%) was excluded from survey due to the presence of overhead power lines. 
 
Total beta activity in excess of the surface screening level was identified on 16 of the 17 Boiler House 
windowsills.  The survey identified a maximum beta activity of 42,381 dpm/100 cm2. 
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In summary, the building interior and exterior results are below the screening levels, with the exception of 
isolated locations, areas of fixed surface beta activity on (most) windowsills, and a few exterior wall areas.  
Dose rates ranged from 5 to 15 µrem/hr. 
 
6.3.3.2.2   Foundry  
 
The NRC previously released the Foundry interior, so only the exterior walls, windowsills, roof, and 
discretionary locations were surveyed.  The Foundry is constructed of brick and corrugated metal siding.  A 
portion of the west wall (46%) was excluded from the survey due to an electrical hazard.  All measurements 
were below screening-level criteria, with the exception of isolated locations on the east wall, roof, roof caps, 
and windowsills.  Results for the Foundry survey are summarized in Table 6-20.  The histogram in Figure 6-
17 illustrates the distribution of measured beta activity. 
 
On the Foundry walls, activity in excess of the total beta surface screening level was only identified on the 
east side facing the Warehouse (Figure 6-17).  The survey of the east wall identified a maximum total beta 
activity of 42,497 dpm/100 cm2.  Elevated activity was confined to two locations of approximately 3 m2 
each.  Surveys of the corrugated metal wall sections on the north and south sides of the Foundry were 
downscaled given that the material was replaced during a previous removal action.  To further characterize 
the east wall, 38 fixed point measurements and 38 smears were collected during Phase II to define the area of 
elevated activity that exceeds the screening level.  Of the 38 smears and fixed point measurements, 13 
exceeded the total beta activity screening level with a maximum activity of 641,742 dpm/100cm2.  Phase I 
and Phase II field activities identified areas of elevated total beta activity on 11% of the east exterior brick 
wall, with a maximum of 641,742 dpm/100 cm2. 
 
Total beta activity in excess of the surface screening level was identified on 18 of the 24 Foundry 
windowsills.  Surveys of the Foundry windowsills identified a maximum total beta activity of 
800,613 dpm/100 cm2 on the east wall.  
 
On the Foundry roof, activity in excess of the screening-level criteria was identified only in the northeast 
corner and in the vicinity of the concrete wall caps.  Roof measurements identified a maximum total beta 
activity of 12,826 dpm/100 cm2, while a maximum total beta activity of 69,457 dpm/100 cm2 was identified 
on the wall caps (Figure 6-17).   
 
Because Phase I scan surveys identified areas with activity exceeding the screening level near the roof wall 
caps, three fixed point measurements and three smears were collected on the foundry roof vents during Phase 
II in an effort to define additional roof vent contamination.  Of the survey measurements collected on the 
roof vents, none had a total beta activity greater than the screening level. 
 
In summary, all (exterior) results are below the surface screening levels, with the exception of isolated areas 
of fixed surface beta activity on windowsills, the east wall, and the concrete caps over the northeast wall.  
Dose rates ranged from 8 to12 urem/hr. 
 
6.3.3.2.3   Warehouse  
 
The NRC previously released the Warehouse (proper) interior, so only the exterior walls, windowsills, roof, 
and labs/offices were surveyed as part of this effort.  The Warehouse is constructed of brick, with an 
adjoining office structure and access ramps.  Other Warehouse Master Survey Units included exterior ramps, 
exterior discretionary locations, roof structures, and a lab vent.  Results for the Warehouse survey are 
summarized in Table 6-21.  The histogram in Figure 6-18 illustrates the distribution of measured beta 
activity. 
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During the Warehouse survey, three isolated locations of total beta activity in excess of the surface screening 
level were identified: a windowsill, a roof location, and an exhaust vent.  All other survey locations were 
below surface screening levels.  
 
Of the exterior walls, exterior ramps, labs and offices, and discretionary locations, all measurements were 
below surface screening levels with the exception of a windowsill on the east side.  A fixed-point 
measurement of the windowsill identified a maximum beta activity of 6,104 dpm/100 cm2.  
 
On the Warehouse roof, all surface measurements were below surface screening levels with the exception of 
one location on the north side of the roof.  After gravel was swept aside, a fixed-point total beta measurement 
identified 5867 dpm/100 cm2 (Figure 6-18).  
 
The third area of Warehouse elevated surface activity was identified on an exhaust vent (Figure 6-18).  The 
vent was previously used to exhaust the laboratory and office area and was apparently replaced with a new 
(adjacent) vent.  The former vent no longer penetrates into the building.  In order to prevent biasing overall 
roof activity, the former vent was isolated as a separate Survey Unit.  Beta measurements on the surface of 
the vent identified a maximum total beta activity of 64,271 dpm/100 cm2.  Because vent measurements were 
not based on grid locations, these measurements do not appear in the data summary table or histogram. 
 
Because the Phase I survey identified the roof vent that exceeded the screening level, the remaining roof 
vents were surveyed during Phase II to determine the extent of the roof vents contamination.  Twenty-eight 
fixed point survey measurements and 28 removable smears were collected.  All 28 fixed point locations and 
smears collected during Phase II field activities were below the screening level.  Figure 6-18 shows the 
locations of all fixed point measurements.  Phase I and Phase II field activities identified areas of elevated 
total beta radiation activity on .04% of the warehouse roof vents, with a maximum of 64,271 dpm/100 cm2. 
 
In summary, the exterior results are below surface screening levels, with the exception of isolated areas of 
fixed surface beta activity on a windowsill, a roof location, and an exhaust vent.  Dose rates ranged from 5 to 
18 µrem/hr.  All measurements within warehouse labs and offices were below the screening level, 
confirming previous information. 
 
6.3.3.2.4   Garage 
 
The NRC previously released the Garage interior, so only the exterior walls, windowsills, and roof were 
surveyed.  The Garage is constructed of brick, with steel roll-up doors.  The Garage roof is in disrepair, with 
portions torn, missing, or folded over.  The roof survey was completed on the top surface of the roof, as 
encountered.  An existing power line posed a safety hazard on 31% of the upper east wall and was deemed 
inaccessible due to electrical concerns. Results for the Garage survey are summarized in Table 6-22.  The 
histogram in Figure 6-19 illustrates the distribution of measured beta activity. 
 
All Garage beta measurements were below surface screening levels, with the exception of one location on the 
west wall measuring 6,750 dpm/100 cm2.  The area of elevated activity, just north of the door, was less than 
1 m2 (Figure 6-19).  Because this measurement was initiated by a scan (elevated activity) follow-up rather 
than a grid location, this measurement does not appear in the data summary table or histogram.  Additional 
surveys were performed during Phase II of the investigation to further define the area of elevated activity.  
The area was confirmed to be less than 0.2 square meters and two fixed point measurements were obtained 
with a maximum activity of 7,820 dpm/100cm2.  Phase I and Phase II field activities identified areas of 
elevated total beta activity on 0.2% of the west exterior brick wall, with a maximum of 7,820 dpm/100 cm2.  
 
The Garage is currently used as an RMSA for Warehouse roof materials. Elevated radioactivity on the 
exterior of the structure was not identified.  Although the NRC has released the interior of the Garage, an 
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assessment should be performed for the interior of the garage when the radioactive materials (RAMs) are 
removed.  This verification survey could be performed during the final status survey of the remaining 
buildings. 
 
In summary, all but one small area on the west exterior wall are below the surface screening level.  Dose 
rates ranged from 10 to 15 urem/hr. 
 
6.3.3.2.5   Scale House 
 
The Scale House walls, floors, and roof were surveyed.  The Scale House is constructed of brick and is 
situated near the southeast corner of the Warehouse.  Previous survey results indicated the building was not 
impacted, so only a limited confirmation survey was conducted.  No results exceeding the surface screening 
levels were identified on or in the Scale House, confirming previous survey results.  Results for the Scale 
House survey are summarized in Table 6-23.  The histogram in Figure 6-13 illustrates the distribution of 
measured beta activity.  Dose rates ranged from 10 to 12 urem/hr. 
 
6.4   SOIL CHARACTERIZATION RESULTS 
 
The following sections present the results of soil characterization activities (geophysical surveys, gamma 
walkover surveys, and soil sampling) conducted during the RI in soil IAs (IA03 through IA07).   
 
EM and GPR surveys were conducted during the NIFW phase of the RI.  Geophysical surveys were 
conducted in IA04, IA06, and IA07 as described in Section 3.5.2 of this RIR.  Geophysical surveys were not 
conducted in IA03 or IA05 due to the presence of pavement and former production facility foundations and 
sub-floors that would adversely impact the survey results.  Results from geophysical surveys are presented 
by IA below and in Figures 6-20 to 6-22. 
 
Gamma walkover surveys were conducted during the NIFW phase and Phase II of the RI as described in 
Section 3.5.3 of this RIR.  All survey data were evaluated to locate potential areas of elevated radiological 
activity across the site. 
 
During the NIFW phase of the RI, an initial evaluation was conducted to determine the relative sensitivity of 
two different types of gamma detectors.  The results of this evaluation concluded the G-5 FIDLER probe was 
the most appropriate instrument for gamma walkover survey activities because it provides increased 
detection sensitivity due to its shape and size.  This evaluation differed from the instrument comparison 
discussed in Section 6.1.4, as this study focused on sensitivity for gamma walkover surveys instead of the 
accuracy of measurements compared to analytical laboratory results for possible use of the field instruments 
during potential future remedial activities. 
 
Both the NIFW and Phase II (CSX and IA07) gamma walkover survey data were evaluated to define specific 
data ranges for mapping of the survey results.  For areas of the site with significant elevation changes and/or 
rough terrain, data ranges are adjusted to include two below-background ranges; thus accounting for any 
appreciable geometric variability which often results in noticeable radiological variability in survey results.  
Through the manipulation of these data ranges and the creation of maps to visually display the survey data, a 
number of patterns were detected and were used to identify areas of potential near-surface radiological 
contamination.   
 
Figures 6-23 through 6-26 show the results of RI gamma walkover surveys.  Areas of notable gamma activity 
were targeted for intrusive soil sample collection throughout RI field Phases.  These results were used to 
direct intrusive soil sampling activities to areas with measurable radiological contamination.  Discussions of 
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results for gamma walkover surveys and confirmatory soil sampling based on the gamma walkover surveys 
are presented by IA below. 
 
The results of soil sampling are also presented below by IA.  The extent of total uranium in soil is based on 
RI sample results as well as available historical data in each soil IA.  Historical total uranium data for all soil 
IAs are shown separately in Table 6-25.  Also included are the on-site BEGe laboratory correlation study 
samples discussed in Section 4.2.2.1. 
 
As detailed in Section 3.5, the investigation of nature and extent of soil contamination was accomplished 
through an observational sampling approach based primarily on the total uranium screening level of 30 pCi/g 
(16 pCi/g during Phase I of the RI).  If, during the course of RI intrusive sampling activities, a soil sample 
result exceeded the screening level, additional observational soil samples were collected to complete the 
definition of contamination extent to within approximately 25 ft (lateral) and 2 ft (vertical).  Although near 
real-time analyses were not available for the other RI COIs, the same general approach applied as data were 
received and evaluated through the end of the RI. 
 
For each soil IA, the discussion and corresponding data summary tables address results separately for the 
following two groups of constituents: 
 
• All COIs from 0-13 ft bgs and greater than 13 ft bgs; and 
• Significant COPCs (identified in the BRA from the list of COPCs as posing unacceptable risk). 
 
The soil boring location maps associated with COI results are shown in Figures 3-14 through 3-18 and 3-20.   
 
Two sets of figures are presented to show the spatial distributions of Significant COPCs permitting visual 
evaluation of nature and extent in each soil IA.  The first set of figures (Sheets 3 through 28) show soil 
sample results at each soil boring location based on sample depth intervals, including available historical 
total uranium results.  These figures list the results for each sampled depth interval next to the labeled soil 
boring location.  A second set of figures (Figures 6-27 to 6-35) show the spatial distributions of increasing 
levels of constituent results.   
 
For the following figures, Significant COPC results are presented for surface soil (0 to 2 ft bgs), total soil (0 
to 13 ft bgs), and deep soil (greater than 13 ft bgs), based on PRGs for the receptors evaluated in the BRA: 
 
• Site background values; 
• Industrial worker PRG; 
• Maintenance Worker PRG; 
• Recreational Adolescent PRG; 
• Recreational Adult PRG; 
• Farmer adult PRG; 
• Resident adult PRG; and 
• Construction worker PRG. 
 
The methods used to develop the site-specific PRGs (Table 5-1) used in the above ranges are presented in 
Section 8.2.8.2. 
 
Data summary tables for Significant COPCs present all soil analytical results screened against site-specific 
background values.  The initial screening of site data against background values in the BRA (Section 8) was 
performed using the non-industrial background values.  Therefore, only the background screening values 
based on non-industrial soil samples are presented in Table 5-1 and are used in the discussion of extent in 
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this section.  Industrial background values are presented in Table 8-7.  The following Significant COPCs 
have different non-industrial background values for the surface soil and total soil intervals: 
 
• Total uranium (4.05 and 4.94 pCi/g, respectively); 
• Radium-226/Lead-210 (1.45 and 1.41 pCi/g); 
• Radium-228 (1.87 and 1.79 pCi/g, respectively). 
 
To present RI soil results for the entire depth interval of each soil boring, only one background value was 
used to discuss the extent of these two constituents.  The lower (most conservative) of the two background 
values (surface soil or total soil) for each constituent are used to represent the background screening value for 
RI soil data at all depths. 
 
Total uranium results shown in the data summary tables are not direct laboratory analytical values, but 
calculated results based on the formula presented previously. 
 
The depth intervals for individual soil sample results were recalculated for those borings installed through 
concrete or asphalt-paved surfaces.  Depths were adjusted based on pavement thicknesses for all applicable 
borings to effectively remove the presence of any overburden, treating the top of soil as ground surface for 
those borings.  Pavement thickness corrections for historical borings were estimated based on concrete or 
asphalt thicknesses at nearby RI soil borings. 
 
6.4.1  IA03 (Soil in Vicinity of Building G-1) 
 
Soil characterization activities for IA03 consist of gamma walkover surveys and soil sampling, as presented 
below.  Geophysical surveys were not conducted in IA03 due to the presence of pavement and former 
production facility foundations and sub-floors that would adversely impact the survey results. 
 
Soil characterization efforts in IA03 identified three main areas of elevated radiological COIs.  The first area 
is the general area north of the CSX railroad.   This area is characterized by elevated gamma walkover survey 
results, fill material (mainly 1 to 3 ft bgs), and elevated total uranium.  The second area, north of Building G-
1 but south of the railroad, is also characterized by elevated gamma walkover survey results, fill material, 
and elevated total uranium.  The area underneath and around Building G-1 is the third main area of elevated 
radiological COIs.  Results from gamma walkover surveys and soil sampling indicate radiological 
contamination in both natural (gravel and sand) and fill material under and around the building. 
 
6.4.1.1   Gamma Walkover Survey 
 
Figure 6-23 presents gamma walkover survey results for IA03.  The following three notable areas of 
potential elevated activity detected during the gamma walkover surveys can be seen on this survey map: 
 
• A general area north of CSX railway; 
• A small localized occurrence north of Building G-1 (associated with a small area along a paved driveway 

leading out of the Building G-1 fenced area to the CSX lines); and  
• The general vicinity surrounding Building G-1. 
 
The above areas were targeted for surface soil sample collection activities to confirm the results of the 
gamma walkover surveys.  Intrusive sampling in each of these three areas confirmed the presence of 
radiological constituents in surface soil as discussed in detail in Section 6.4.1.2. 
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6.4.1.2   Soil Sampling 
 
A total of 437 soil samples were collected from 167 locations in IA03 during the RI as described in Section 
3.5.  Tables 6-26 and 6-27 present the analytical results and calculated results (total uranium only) for RI 
COIs and Significant COPCs, respectively, in IA03. 
 
COIs 
 
Table 6-26 presents the statistical report for IA03.  Molybdenum was detected in IA03 soil samples, however 
it was not found to represent an unacceptable risk in the BRA.  For soils from the surface (0 ft bgs) to 13 ft 
bgs, a total of 23 COIs were identified, with 16 of the parameters being radiological compounds.  The 
maximum detected level of molybdenum in IA03 soil samples was 15,200 ug/kg.   In soil greater than 13 ft 
bgs, thirteen radiological parameters were analyzed in these samples. 
 
Significant COPCs  
 
From Table 6-27, the following eight constituents were identified as Significant COPCs for IA03 soil: 
 
• Total uranium; 
• Thorium-230; 
• Thorium-232; 
• Radium-228;  
• Lead-210;  
• Radium-226;  
• Kerosene (TPH-DRO); and 
• Lithium. 
 
Total Uranium 
 
The maximum value for total uranium in IA03 soil samples is 5,597 pCi/g at BEGE-SB0011 (Table 6-27).  
Figures 6-27 through 6-29 present RI results for total uranium in historical and IA03 surface soil (0 to 2 ft 
bgs), total soil (0 to 13 ft bgs), and deep soil (greater than 13 ft bgs), based on PRG and background values.  
Sheet 3 presents the results for total uranium at each soil boring location based on sample depth intervals, 
including available historical sample results.  RI soil samples with total uranium results above the 30 pCi/g 
screening level used during field intrusive sampling activities appear to be spatially confined to three 
localized zones within IA03.   
 
The first zone is located north of the CSX railroad lines (Figures 6-27 and 6-28).  A total of 53 soil borings 
were installed in this area targeting elevated historical sample results and gamma activity detected during 
NIFW gamma walkover surveys.  Of these 53 borings, 24 are associated with sample results exceeding the 
30 pCi/g screening level, including six samples which were collected to provide data for the on-site BEGe 
laboratory correlation study discussed in Section 4.2.2.1.  Nine of these borings with total uranium above the 
screening level yielded sample results greater than 400 pCi/g PRG for the construction worker (Figures 6-27 
and 6-28).  The majority of sample results above the total uranium screening level were seen in surface soil 
samples from 0 to 2 ft bgs, with a relatively small number of additional elevated results in total soil to a 
maximum depth of 12 ft bgs (Figures 6-28 and 6-29).  The lateral extent of total uranium in this zone was 
defined through the installation of surrounding observational soil borings.  Vertical extent for total uranium 
in IA03 is limited to a maximum depth of 12 ft bgs.  RI soil borings were advanced to greater depths to 
ensure underlying soil sample results were below the screening level.   
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Samples in this first zone appear to be composed of fill material.  RI boring logs note sands and gravels, with 
varying amounts of fill debris including brick and concrete fragments, slag, and tar.  These fill materials are 
identified on boring logs to depths between 1 and 3 ft bgs in most borings, with deeper fill materials 
encountered at IA03-SB0078 and IA03-SB0090.  The nature and composition of the sample material 
indicates total uranium in this area is present as a result of fill emplacement activities conducted during site 
development.  This zone’s close proximity to the main production building (Building G-1) of the former 
facility suggests potential transport of plant materials from this main area to the zone north of the CSX lines 
for disposal purposes.  An aerial photograph from 1978 suggests a roadway from Building G-1 to this area 
north of the CSX lines.  A storage area shown north of the CSX lines suggests the road may have been used 
to transport materials to this area for storage.  Although this photograph was taken nearly 30 years after MED 
activities at the site, the former location of the Harvard-Denison bridge over this area may have prevented the 
storage area from being seen on previous aerial photos. 
 
The second zone within IA03 with total uranium sample results above the 30 pCi/g screening level is located 
north of Building G-1 to the south of the CSX railway line (Figures 6-27 and 6-28).  This area is associated 
with a paved driveway leading out of the Building G-1 fenced perimeter north toward the CSX railroad 
tracks.  This paved drive continues on the northern side of the tracks into the zone discussed above.  This 
driveway may have acted as a pathway for the transport of plant process materials to or from railroad cars 
using the nearby CSX lines.  The driveway continuance northward suggests this material may have been 
transported across the CSX lines.  RI sampling conducted in this area targeted elevated historical sample 
results and gamma activity detected during the NIFW gamma walkover surveys.  Approximately eight soil 
borings were installed in this area to confirm elevated sample results from five associated historical soil 
borings (Sheet 3).  Three of these borings are associated with total uranium results above the 30 pCi/g 
screening level, with results ranging from 106.69 pCi/g to 516.4 pCi/g in soil between 0 to 4 ft bgs.  The 
lateral extent of total uranium in this area was defined through the installation of surrounding observational 
soil borings.  Vertical extent was limited to 6 ft bgs (based on historical boring NBH37), as samples collected 
from deeper intervals showed no total uranium above the screening level. 
 
Sample material collected from within this second zone appears to be composed of fill material.  RI soil 
boring logs note predominant sands and gravels in the 0 to 4 ft bgs interval, with slag, concrete, and brick 
fragments throughout.  The nature and composition of the sample material suggests total uranium in this zone 
is present as a result of fill emplacement activities conducted during site development.  Based on the zone’s 
proximity to the paved driveway, fill material may have been transported to CSX rail cars or the zone north 
of the tracks discussed above for disposal.  The localized zone with elevated total uranium results is located 
along this potential fill material transport route and may exist as a result of surface releases and/or spills 
during material transport. 
 
The third zone within IA03 with sample results for total uranium above the 30 pCi/g screening level is 
located in the general vicinity in and around Building G-1.  This portion of the IA represents the main 
production area of the former facility and is associated with historical uranium refining activities.  A total of 
11 soil borings were installed through the floor of Building G-1.  Additionally, over 50 borings were installed 
outside and surrounding the building targeting elevated historical sample and NIFW gamma walkover survey 
results.  Results from samples collected at these borings indicate a large amount of the total uranium-
impacted soil on-site occurs in this area.  A total of seven RI soil borings and four historical borings in this 
area are associated with sample results greater than the 400 pCi/g PRG level (for the construction worker 
scenario) for the 0 to 2 ft bgs interval (Figures 6-27 and 6-28).  Total uranium results above the screening 
level occur in soil to a maximum depth of 9.25 ft bgs (IA03-SB0116).  The lateral extent of total uranium in 
IA03 soil was defined through the installation of numerous observational soil borings to ensure surrounding 
sample results did not detect total uranium above the screening level.   
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The sample materials collected in this third zone for those borings outside of Building G-1 were composed 
mainly of gravels and sands, with varying amounts of fill debris including cinders, metallic fragments, brick, 
and concrete.  Areas surrounding Building G-1 were developed during site construction, and are largely 
covered by pavement.  To the west of Building G-1, numerous building foundations remain from historical 
structures.  The sample materials collected in these areas and their associated results indicate total uranium 
occurs as a result of fill emplacement during site development. 
 
Samples collected through Building G-1 floor materials were composed of gravels, sands, and clays.  Boring 
logs indicate brick and concrete floor material of thicknesses between 0.5 and 2.8 ft.  Two boring logs (IA03-
SB0001 and IA03-SB0002) noted a potential sub-flooring material below the main Building G-1 brick and 
concrete floor.  These logs each showed a layer of sand and clay (between 0.9 and 1.85 ft thick) separating 
the uppermost brick and concrete flooring material from a potential underlying red brick sub-floor.  Samples 
collected from these borings within the sand and clay layer yielded results above the site-specific background 
value for total uranium, but below the screening level.  Two boring logs (IA03-SB0116 and IA03-SB0120) 
show a thin layer (1 ft or less) of gravel and/or sand directly beneath the main flooring material, separating 
the concrete floor from underlying clays and silts.  The nature of the underlying clays and silts suggest this 
material may have been used as fill to level the area for construction of the building, as boring logs note 
wood fragments and debris in this soil. 
 
This third zone of total uranium results above the screening level in and around Building G-1 contains a 
notable secondary sub-section of significantly elevated results near the northeast corner of Building G-1 
(Figures 6-27 to 6-29).  This portion of the building may have been associated with increased production 
activities and handling of uranium oxide (yellowcake) material.  Building material sampling conducted in 
this northeast part of the building interior showed floor coring samples with layers of visible yellowcake 
material.  Figures 6-27 to 6-29 show a high concentration of PRG exceedances in this general sub-section 
both inside and outside of Building G-1, as well. 
 
Thorium-230 
 
The maximum result for thorium-230 in IA03 soil samples is 632 pCi/g at IA03-SB0111 (Table 6-27).  
Figures 6-30 to 6-32 present the results for thorium-230 in IA03 surface soil (0 to 2 ft bgs), total soil (0 to 13 
ft bgs), and deep soil (greater than 13 ft bgs), based on PRG and background values.  Sheet 4 presents the 
results for thorium-230 at each soil boring location based on sample depth intervals.  The highest value for 
thorium-230 (632 pCi/g) was found collocated with elevated total uranium (268.1 pCi/g) near the northeast 
corner of Building G-1 at IA03-SB0111 from the 0 to 2 ft bgs sample depth interval.  All sample results for 
thorium-230 above the site-specific background value were collected from soil between 0 to 4 ft bgs, with 
the exception of samples collected at IA03-SB0131, where thorium-230 results above background were 
detected at depths up to 10 ft bgs.  RI soil samples with thorium-230 results above the most conservative 
background value (1.21 pCi/g) appear to be generally collocated with the spatial occurrences for total 
uranium in IA03.  Additional discussion regarding the collocation of thorium-230 with total uranium is 
presented in Section 6.1.1.3. 
 
Remaining Significant COPCs 
 
Maximum results for the remaining radiological Significant COPCs in IA03 (thorium-232, radium-228, and 
and radium-226/lead-210) are 4.84 pCi/g, 2.42 pCi/g, and 14.88 pCi/g, respectively (Table 6-27).  The spatial 
distributions of results above background values for these constituents (Sheets 5 to 7) generally coincide with 
those for total uranium.  Only one sample was identified with elevated levels of radium-226/lead-210 (i.e., 
above the residential adult PRG) that did not correspond to total uranium above the screening level of 30 
pCi/g.  However, elevated levels of COIs at this sample location (0 to 1 ft bgs) were laterally bound by 
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adjacent soil borings.  No fill material that would be indicative of contamination deeper than surface soil was 
identified in this area. 
 
The maximum detected level of kerosene (TPH-DRO) in IA03 soil samples was 5960 mg/kg at IA03-
SB0017 (south of Building G-1).  Although kerosene was not detected in any IA03 soil sample at 
concentrations greater than background (19,000 mg/kg), results from a total of two samples were greater than 
one or more PRG values identified in the BRA (see Sheet 28).  The spatial distribution of these samples does 
not appear to suggest a process-related source and may be due to historical accidental fuel spills or leaks. 
 
The maximum detected value of lithium in IA03 RI soil samples was 48,200 ug/kg at IA03-SB0002 (beneath 
the floor of Building G-1).  Lithium was present at concentrations greater than background at eight of 22 
total soil sample locations in IA03, with six of these eight locations located in the immediate vicinity of 
Building G-1 (see Sheet 27). 
 
6.4.2  IA04 (Northside Complex Soil) 
 
Soil characterization activities for IA04 consist of geophysical surveys, gamma walkover surveys, and soil 
sampling, as presented below.   
 
Two main areas of contamination from radiological COIs were identified in IA04.  The first area is located 
between the Warehouse and Foundry, where elevated gamma survey results and one soil boring indicated 
elevated levels of radiological COIs in one localized area to a depth of 2 ft bgs.  The second area is located in 
the northeast corner of IA04 adjacent to the Cuyahoga River bank.  This area is composed of fill material 
with elevated levels of total uranium to a depth of 20 ft bgs. 
 
6.4.2.1   Geophysical Survey 
 
The geophysical survey results obtained in IA04 were consistent with characteristics and features of a former 
industrial facility (e.g., metallic debris, fill, and buried potential building basements and structures).  The 
geophysical survey map (Figure 6-20) provides images of the lateral extent of conductive and metallic 
subsurface materials.   
 
In IA04, EM-31 results indicate the subsurface materials present are consistent with materials typically found 
at former industrial facilities including potential concrete pads, asphalt areas, buried metal, miscellaneous 
fill, buried utilities, and basements/underground structures.  Anomaly A (Figure 6-20) is associated with low 
conductivity values, suggesting an area of potential fill emplacement, or possible void spaces.  GPR results 
from IA04 are consistent with EM-31 findings.  Biasing of subsequent sampling activities toward this 
anomaly was limited.  Safety concerns limited drilling activities in these areas to avoid opening or collapsing 
of the potential subsurface structures.  The limited intrusive activities conducted in close proximity to this 
anomaly did not confirm the presence of any large underground void spaces within the area. 
 
GPR survey results, in general, were found to be of limited resolution due to the high conductivity of the sub-
surface materials at the site.  In consideration of project goals, survey results, and inherent technique 
limitations, the completed EM-31 and GPR surveys provided reconnaissance information as to the lateral 
extent of fill materials and potential waste. 
 
The results of these geophysical surveys were used to guide the planning of additional soil sample locations 
during Phase I and Phase II to further investigate anomalies found by EM-31 and GPR methods. 
 
RI intrusive soil sampling did not provide conclusive results confirming the assumptions of buried metals in 
anomalous zones made by the geophysical investigation. 
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6.4.2.2   Gamma Walkover Survey 
 
Figure 6-23 also presents gamma walkover survey results for IA04.  The following two notable areas of 
potential elevated activity detected during the gamma walkover surveys can be seen on this survey map: 
 
• A small localized occurrence between the Foundry and Warehouse buildings; and 
• A small area located in the northeastern most portion of IA04, near the Cuyahoga River bank, and north 

of the CSX railway lines. 
 
The above areas were targeted for surface soil sample collection activities to confirm the results of the 
gamma walkover surveys.  Intrusive soil sampling confirmed the presence of radiological constituents at a 
single boring located in the first area above as discussed in detail in Section 3.5.5.4.  Soil sampling at the 
second area noted by gamma walkover surveys did not produce results above the total uranium screening 
level of 30 pCi/g. 
 
6.4.2.3   Soil Sampling 
 
A total of 176 soil samples were collected from 54 locations in IA04 during the RI as described in Section 
3.5 of this RIR.  Tables 6-28 and 6-29 present the analytical results and calculated results (total uranium 
only) for COIs and Significant COPCs, respectively, in IA04.  
 
COIs 
 
Table 6-28 presents the statistical report for IA04.  No chemical Significant COPCs were identified for IA04.  
Lithium, molybdenum, and kerosene (TPH-DRO) were detected in IA04 soil samples; however, none of 
these COIs were found to represent an unacceptable risk in the BRA.  Maximum detected levels of lithium, 
molybdenum, and kerosene (TPH-DRO) in IA04 soil samples were 36,600 ug/kg, 289,000 ug/kg, and 770 
mg/kg, respectively.  Two radiological constituents; radium-228 and thorium-228 were detected in IA04 soil 
samples, but were not classified as Significant COPCs.  Maximum detected levels of radium-228 and 
thorium-228 in IA04 soil were 2.04 pCi/g and 4.04 pCi/g, respectively. 
 
Significant COPCs  
 
From Table 6-29, the following five constituents were identified as Significant COPCs for IA04 soil: 
 
• Total uranium; 
• Thorium-230;  
• Thorium-232; 
• Lead-210; and 
• Radium-226. 
 
Total Uranium 
 
The maximum value for total uranium in IA04 soil samples was 2,311.73 pCi/g at IA04-SB0040 (Table 6-29).  
Figures 6-27 to 6-29 present RI results for total uranium in historical and IA04 surface soil (0 to 2 ft bgs), 
total soil (0 to 13 ft bgs), and deep soil (greater than 13 ft bgs), based on PRG and background values.  Sheet 
8 presents the results for total uranium at each soil boring location based on sample depth intervals, including 
available historical sample results.  RI soil samples with total uranium results above the 30 pCi/g screening 
level used during field intrusive sampling activities appear to be spatially confined to two localized zones 
within IA04. 

Former Harshaw Chemical Site Page 6-31 
Remedial Investigation Report 
Revision 1  
December 2009 



 

The first zone, located between the Foundry and Warehouse, is associated with a single RI soil boring IA04-
SB0004 (Sheet 8).  Total uranium was detected in two samples at this location at 125.77 pCi/g and 119.48 
pCi/g from the 0 to 0.5 ft bgs and 0 to 2 ft bgs sample depth intervals, respectively.  This location was 
targeted for intrusive sampling to confirm results of gamma walkover surveys, which showed elevated levels 
of gamma activity in this area (Figure 6-23).  Six additional observational borings were installed in close 
proximity to IA04-SB0004 to define the lateral extent of total uranium in this area.  Results from these 
observational boring samples confirmed the impacted soil at IA04-SB0004 was a localized, discontinuous 
episode of elevated total uranium.  Results from total soil samples (intervals below 2 ft) collected at this 
location were below the screening level, defining vertical extent of total uranium to the surface soil interval.   
 
The compositions of sample materials collected from within this zone indicate total uranium occurs as a 
result of fill emplacement activities during site development.  These samples appear to be located in a unit of 
fill material and the IA04-SB0004 boring log notes gravelly soil containing metallic slag and brick 
fragments.   
 
The second zone within IA04 with total uranium sample results above the screening level is located in the 
northeast corner of IA04, adjacent to the west bank of the Cuyahoga River, and south of the CSX railroad 
tracks.  A total of 25 soil borings were initially installed in this area to target known historical fill 
emplacement activities.  Twenty-three of these 25 borings were associated with sample results above the 
screening level and eleven borings yielded sample results greater than the 400 pCi/g construction worker 
PRG (Figures 6-27 to 6-29).  Above-screening level results were detected in all soil intervals in this zone 
including surface soil, total soil, and deep soil.  In two samples, results were detected at intervals 16 - 18 ft 
bgs and 18 - 20 ft bgs significantly above the screening level (347.77 and 54.44 pCi/g, respectively).  Lateral 
extent of total uranium in soil was defined for this area through the installation of observational soil borings 
surrounding those with total uranium results above the screening level.  To define the vertical extent of total 
uranium in soil for this zone, borings were advanced to depths beyond those where above-screening level 
total uranium results were identified.  Five borings associated with above-screening level total uranium 
results were not able to be advanced to greater depths. 
 
Samples collected from borings in this zone appear to be composed of fill materials.  Boring logs indicate 
silty, sandy gravels with fill debris/construction materials commonly seen in both surface and total/deep soil.  
In this gravelly soil, glass, brick, wood, and concrete fragments were noted, as well as metallic materials, 
nails, and pea gravel.  The composition of the materials in this zone indicates total uranium occurs as a result 
of fill emplacement activities during site development.  Field photograph 67 shows the exposed fill area in 
IA04 along the west bank of the Cuyahoga River. 
 
Thorium-230 
 
The maximum value of thorium-230 in IA04 soil is 230 pCi/g at IA04-SB0033 (Table 6-29).  Figures 6-30 to 
6-32 present the results for thorium-230 in IA04 surface soil (0 to 2 ft bgs), total soil (0 to 13 ft bgs), and 
deep soil (greater than 13 ft bgs), based on PRG and background values.  Sheet 9 presents the results for 
thorium-230 at each soil boring location based on sample depth intervals.  The highest values for thorium-
230 were found in the northeast corner of IA04, in the zone of fill emplacement along the western bank of 
the Cuyahoga River in both surface and total soil to a maximum depth of 18 ft bgs.  RI soil samples with 
thorium-230 results above the most conservative background value (1.21 pCi/g) appear to be collocated with 
the spatial occurrences for total uranium in IA04.  One exception identified is a single above-background 
result for thorium-230 that was not collocated with total uranium results at IA04-SB0025.  The thorium-230 
result at this location was 10.2 pCi/g.  The total uranium result at this same boring and sample depth interval 
(0 to 2 ft bgs) was 21.18 pCi/g.  This value exceeds the site-specific background level for total uranium (1.21 
pCi/g) but is below the 30 pCi/g screening level used for screening during RI intrusive activities.  Additional 
discussion regarding the collocation of thorium-230 with total uranium is presented in Section 6.1.1.3. 
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Remaining Significant COPCs 
 
Thorium-232 ranges from -0.01 pCi/g (IA04-SB0061) to 3.48 pCi/g (IA04-SB0033).  A total of nine samples 
were above the background screening value of 1.41 pCi/g (Sheet 10).  Radium-226/lead-210 in IA04 range 
from 0.09 pCi/g to 9.97 pCi/g (IA04-SB0033) (Table 6-29).  Sheets 11 present the results for radium-
226/lead-210, respectively, at each soil boring location based on sample depth intervals.  A total of 72 results 
for radium-226 were above the site-specific background value (1.45 pCi/g) in both surface and total soil to a 
depth of 24 ft bgs.  No apparent trends in spatial distribution results exist for radium-226/lead-210  in IA04.  
The above-background results for these Significant COPCs were generally collocated with above-
background levels of total uranium in IA04.  All soil data indicating elevated levels of radium-226/lead-210 
and thorium-232 in IA04 were accompanied by total uranium results above the screening level of 30 pCi/g, 
and thus extent was defined for these radionuclides. 
 
6.4.2.4   IA04 Buried Infrastructure 
 
In Phase III, two samples were collected from each of the two trenches excavated near possible underground 
infrastructure identified in IA04 by geophysical investigation during the RI.  No sewer lines, sump, UST, or 
voids were observed, but concrete, crystalline material, and steel beams were encountered.  Sample results 
from the soil in this area do not indicate high levels of contamination due to leaking from potential buried 
infrastructure, or the placement of contaminated backfill.  Photographs 45 and 46 show the IA04 trenches.  
 
Total uranium was below the RI screening level of 30 pCi/g in all four of the samples.  Thorium-230 
exceeded background in one sample collected from the northern half of the north trench from the concrete 
and rubble fill material from 4-5 ft bgs (2.65 pCi/g).  Radium-226 also exceeded background in this sample, 
at 2.1 pCi/g.  G-M screenings in the field detected no radioactivity above background. 
 
The crystalline nature of the white material found in the southern trench in IA04 may be identified as 
potential voids in the RI GPR data.  This material appeared to be significantly less dense than the 
surrounding silt/clay soil, and would appear as a potential void in the GPR data. 
 
6.4.3  IA05 (Southside Complex Soil)  
 
Soil characterization activities for IA05 consist of gamma walkover surveys and soil sampling, as presented 
below.  Geophysical surveys were not conducted in IA05 due to the presence of pavement that would 
adversely impact the survey results. 
 
Three main areas of radiological COI contamination were identified in IA05.  All three areas are 
characterized by elevated gamma walkover survey results and elevated activities from radiological COIs in 
soil samples.  The first is a localized area in the southern portion of the IA where soil sampling results to a 
depth of 16.8 ft bgs indicate radiological COI (total uranium) contamination, mainly associated with fill 
material.  The second area is located in the center of the IA.  Data from one soil boring are indicative of 
elevated radiological COIs.  The third area is located in the northeast portion of the IA along the Cuyahoga 
River bank.  Based on historical data, this area was investigated during the RI to determine the presence of 
yellowcake material.  Although sample results indicated elevated levels of total uranium, no yellowcake 
material was encountered in this area.  Sample collection was impeded in this area due to debris.  
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6.4.3.1   Gamma Walkover Survey 
 
Figure 6-24 presents gamma walkover survey results for IA05.  The following three notable areas of 
potential elevated activity detected during the gamma walkover surveys can be seen on this survey map: 
 
• A small localized occurrence in the center of the IA; 
• An area located in the northeastern portion of IA05 along the Cuyahoga River bank (possibly associated 

with historical uranium oxide [yellowcake] disposal activities); and 
• A section of the southern tip of IA05, adjacent to the north bank of Big Creek. 
 
The above areas were targeted for surface soil sample collection activities to confirm the results of the 
gamma walkover surveys.  Intrusive soil sampling at each of the areas identified above confirmed the 
presence of radiological constituents in surface soil as discussed in detail in Section 6.4.3. 
 
6.4.3.2   Soil Sampling 
 
A total of 178 soil samples were collected from 54 locations in IA05 during the RI as described in Section 
3.5 of this RIR.  Tables 6-30 and 6-31 present the analytical results and calculated results (total uranium 
only) for COIs and Significant COPCs, respectively, in IA05 soil. 
 
COIs 
 
Table 6-30 presents the statistical report for IA05.  Molybdenum and kerosene (TPH-DRO) were detected in 
IA05 soil samples, but were not identified as Significant COPCs in the BRA.  Maximum detected levels of 
molybdenum and kerosene (TPH-DRO) in IA05 soil samples were 142,000 ug/kg and 1440 mg/kg, 
respectively. 
 
Significant COPCs  
 
From Table 6-31, the following eight constituents were identified as Significant COPCs for IA05 soil: 
 
• Total uranium; 
• Thorium-232; 
• Thorium-230; 
• Thorium-228; 
• Lead-210; 
• Radium-228; 
• Radium-226; and 
• Lithium. 
 
Total Uranium 
 
The maximum value of total uranium in IA05 RI soil samples was 1,431.60 pCi/g IA05-SB0007 (Table 6-
31).  Figures 6-27 to 6-29 present RI results for total uranium in historical and IA05 surface soil (0 to 2 ft 
bgs), total soil (0 to 13 ft bgs), and deep soil (greater than 13 ft bgs), based on PRG and background values.  
Sheet 12 presents the results for total uranium at each soil boring location based on sample depth intervals, 
including available historical sample results.  RI soil samples with total uranium results above the 30 pCi/g 
screening level used during field intrusive sampling activities appear to be spatially confined to three 
localized zones within IA05.   
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The first zone, located in the southwest corner of the IA, is associated with a single historical boring; SBH72.  
The maximum result detected in samples collected at this location was 3,720 pCi/g from the 4 - 6 ft bgs 
sample interval.  Borings were installed to the northeast, northwest and south of SBH72 in this zone during 
the RI to confirm the historical sample result.  No total uranium was detected in samples from these borings 
above the 30 pCi/g screening level used during RI intrusive sampling activities.  The total uranium in this 
historical sample appears to be a localized occurrence of contamination.  The surrounding confirmatory 
borings installed during the RI did not show total uranium above the screening level. 
 
RI soil boring logs did note shallow fill material in two of these borings.  Boring logs showed gravels and 
silty sands containing slag material and cinders.  No boring logs are available for the historical IA05 soil 
boring at this zone.  Based on the nature and composition of the materials surrounding this historical sample 
location, detected historical total uranium may be present as a result of fill emplacement activities which 
occurred during site development. 
 
The second zone in IA05 with total uranium results above the 30 pCi/g screening level occurs in the southern 
portion of the IA approaching the confluence of Big Creek and the Cuyahoga River.  A total of 25 borings 
were installed in the southern portion of IA05 targeting both elevated historical sample results and gamma 
activity detected during NIFW gamma walkover surveys.  Total uranium above 30 pCi/g was detected in 
samples associated with 13 of the 25 soil borings in this area (including 2 samples collected for the on-site 
BEGe laboratory correlation study discussed in 4.2.2.1) in surface soil, total soil, and deep soil to a depth of 
16.8 ft bgs.  Two RI soil borings and three historical borings within this zone were associated with sample 
results above 400 pCi/g (the construction worker PRG).  The lateral extent of total uranium in IA05 soil was 
defined in this area through the installation of additional observational borings.  Sample results collected at 
these borings combined with available historical data, bound the lateral extent of total uranium in this 
southern portion of IA05.  Vertical extent was defined at each soil boring through collection of samples from 
greater depth intervals confirming total uranium below the screening level.   
 
Samples collected from borings in this zone appear to be composed of fill materials.  Boring logs indicate 
sands and gravels with large amounts of fill debris including slag, brick, glass, concrete, and wood fragments 
in both surface and total soil intervals to average depths of 13 ft bgs.  The nature and composition of these 
sample materials indicates total uranium in this zone occurs as a result of fill emplacement activities 
conducted during site development. 
 
The third zone in IA05 with total uranium results above the 30 pCi/g screening level occurs in the northeast 
portion of the IA adjacent to the west bank of the Cuyahoga River.  A total of 13 soil borings were installed 
in this area targeting both historical elevated levels of total uranium and gamma activity detected during 
NIFW gamma walkover surveys.  Historical information for this portion of IA05 indicates a potential 
uranium oxide (yellowcake) disposal area along the river bank.  Historical intrusive work in this area 
uncovered potential yellowcake material.  These historical locations were abandoned and back-filled with 
concrete to prevent release of this potential contamination to the river.  Two RI soil borings and one 
historical boring identified soil in this zone above the 30 pCi/g screening level in surface and total soil to a 
depth of 10 ft bgs.  RI soil boring sample results and the historical soil sample results in this area ranged 
from 46.69 pCi/g to 208 pCi/g.  The values of these results suggest the historical disposal in this zone was 
not confirmed by RI sampling, because concrete debris in this area near the bank impeded the collection of 
hand auger samples from below the area of fill to the depths suspected to be contaminated with yellowcake.  
Field screening and on-site BEGe laboratory results did not indicate evidence of radiological contamination 
in this shallow area of fill and concrete.  Though the lateral extent of total uranium in this area was defined 
through available historical sample results and the installation of observational soil borings, this yellowcake 
material does not appear to have been conclusively identified.  No data are available to suggest the presence 
or quantity of potential yellowcake.  The vertical extent of total uranium appears to be confined to soil in the 
0 to 10 ft bgs interval, as deeper sample results showed no results for total uranium above the screening level.   
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The uranium-contaminated material sampled within IA05 appears to be fill (i.e., up to 17 ft of sand and silt 
containing slag, cinders, brick, and concrete fragments).  The sample results indicate total uranium is present 
as a result of fill placement activities conducted during site development. 
 
Thorium-230 
 
The maximum value for thorium-230 in IA05 soil is 84.5 pCi/g (Table 6-31).  Figures 6-30 to 6-32 present 
the results for thorium-230 in IA05 surface soil (0 to 2 ft bgs), total soil (0 to 13 ft bgs), and deep soil 
(greater than 13 ft bgs), based on PRG and background values.  Sheet 14 presents the results for thorium-230 
at each soil boring location based on sample depth intervals.  RI soil samples with thorium-230 results above 
the most conservative background value (1.21 pCi/g) appear to be generally collocated with the spatial 
occurrences for total uranium.  The highest values for thorium-230 (84.5 pCi/g at IA05-SB0007 from 0 to 0.5 
ft bgs and 44.2 at BEGE-SB0001 from 0 to 1 ft bgs) was found collocated with total uranium contamination 
(866.92 pCi/g) in the southern portion of the IA.  The second highest value for thorium-230 (44.0 pCi/g at 
IA05-SB00007 from 0 to 0.5 ft bgs) was found collocated with total uranium contamination (30.25 pCi/g).   
 
Remaining Significant COPCs 
 
Maximum results for other radiological Significant COPCs in IA05 (thorium-228, thorium-232, radium-228, 
and radium-226/lead-210) are 602 pCi/g, 329 pCi/g, 165.25 pCi/g and 19.23 pCi/g, respectively (Table 6-
31).  The spatial distributions of results above background values for these constituents (Sheets 13 and 15 to 
17) generally coincide with those for total uranium.  One boring, IA05-SB0015, shows results for these 
radiological constituents significantly above background but not collocated with elevated total uranium 
results.  Total uranium at this location was detected near, but not above the 30 pCi/g screening level.  All of 
the significantly elevated results for these Significant COPCs were found in the surface soil interval (0 to 2 ft 
bgs).  This sample was bounded laterally through the installation of nearby soil borings and vertically by 
deeper samples at IA05-SB0015. 
 
The maximum detected value of lithium in IA05 RI soil samples was 42,700 ug/kg at IA05-SB0022 (eastern 
boundary near the Cuyahoga River).  Lithium was present at concentrations greater than background in only 
three of 15 total soil sample locations in IA05 (see Sheet 27). 
 
6.4.4  IA06 (Eastside Soil) 
 
Soil characterization activities for IA06 consist of geophysical surveys, gamma walkover surveys, and soil 
sampling, as presented below.   
 
Contamination from radiological COIs in IA06 appear to be limited to a localized area in the south-central 
portion of the IA.  Only one soil sample collected during the RI exceeded the total uranium screening level. 
 
6.4.4.1   Geophysical Survey 
 
The geophysical survey results obtained in IA06 were consistent with historical information that indicates 
this area was an undeveloped parcel used for general construction debris fill activities..  The geophysical 
survey map (Figure 6-21) provides images of the lateral extent of conductive and metallic subsurface 
materials.   
 
IA06 results from EM-31 surveys identified four anomalous areas; A, B, C, and D (Figure 6-21).  These 
anomalies represented areas of potential buried surface or sub-surface metals.  The elongated nature of 
Anomaly A is presumed to be a result of potential leachate or highly conductive soil in addition to buried 
metals.  GPR results in IA06 were not able to be correlated with EM-31 data. 
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GPR survey results, in general, were found to be of limited resolution due to the high conductivity of the sub-
surface materials at the site.  The results of these geophysical surveys were used to guide the planning of 
additional soil sample locations during Phase I and II to further investigate anomalies found by EM-31 and 
GPR methods. 
 
RI intrusive soil sampling did not provide conclusive results confirming the assumptions of buried metals in 
anomalous zones identified during the geophysical investigation. 
 
6.4.4.2   Gamma Walkover Survey 
 
Figure 6-25 presents gamma walkover survey results for IA06.  Potential elevated gamma activity can be 
seen at one location in the south-central portion of the IA proximate to a historical elevated sample result.  
Activity here was confirmed by intrusive soil sampling results as discussed in detail in Section 6.4.4.3. 
 
6.4.4.3   Soil Sampling 
 
A total of 99 soil samples were collected from 42 locations in IA06 during the RI as described in Section 3.5 
of this RIR.  Tables 6-32 and 6-33 present the analytical results and calculated results (total uranium only) 
for COIs and Significant COPCs, respectively, in IA06. 
 
COIs 
 
Table 6-32 presents the statistical report for IA06.  No MED-related chemical Significant COPCs were 
identified for IA06.  Lithium, molybdenum, and kerosene (TPH-DRO) were detected in IA06 soil samples, 
but were not determined to be Significant COPCs.  Maximum detected levels of lithium, molybdenum, and 
kerosene (TPH-DRO) in IA06 soil samples were 30,100 ug/kg, 5,630 ug/kg, and 322 mg/kg, respectively.  
Three radiological constituents; radium-228, thorium-228, and thorium-232, were also detected in IA06 soil 
samples, but were not identified as Significant COPCs.  Maximum detected levels of radium-228, thorium-
228, and thorium-232 in IA06 soil are 1.46 pCi/g, 2.98 pCi/g, and 1.56 pCi/g, respectively.  No apparent 
trends in spatial distribution results exist for any IA06 COIs. 
 
Significant COPCs  
 
From Table 6-33, the following four compounds were identified as Significant COPCs for IA06 soil: 
 
• Total uranium; 
• Thorium-230;  
• Lead-210; and 
• Radium-226. 
 
Total Uranium 
 
The maximum value for total uranium in IA06 RI soil samples is 74.79 pCi/g at IA06-SB0024 (Table 6-33).  
Figures 6-27 to 6-29 present RI results for total uranium in historical and IA06 surface soil (0 to 2 ft bgs), 
total soil (0 to 13 ft bgs), and deep soil (greater than 13 ft bgs), based on PRG and background values.  Sheet 
18 presents the results for total uranium at each soil boring location based on sample depth intervals, 
including available historical sample results.  The total uranium contamination is primarily spatially confined 
to a single localized zone in the south-central portion of the IA. 
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Borings in this zone were targeted for intrusive sampling activities to confirm results of a historical sample 
(BSS10 at 13.4 pCi/g) as well as elevated gamma activity detected during NIFW gamma walkover surveys 
(Figure 6-25).  All targeted confirmatory borings identified total uranium above background levels in surface 
soil to a depth of 2 ft bgs.  The lateral extent of total uranium on IA06 surface soil is defined by surrounding 
historical borings with total uranium results below detectable levels.  The vertical extent of total uranium in 
IA06 soil was generally not further defined with deeper intrusive sampling as all analytical results were 
significantly below the 30 pCi/g screening level used during field intrusive sampling activities.   
 
Samples from borings located in this zone were composed of silts and clays with boring logs noting brick 
fragments in soil to a depth of 4 ft bgs.  The composition of materials in this area indicates total uranium may 
occur as a result of fill emplacement activities conducted during site development. 
 
Thorium-230 
 
Values for thorium-230 in IA06 soil range from 0.23 (at IA06-SB0014) pCi/g to 10.00 pCi/g (at IA06-
SB0027) (Table 6-33).  Figures 6-30 to 6-32 present the results for thorium-230 in IA06 surface soil (0 to 2 ft 
bgs), total soil (0 to 13 ft bgs), and deep soil (greater than 13 ft bgs), based on PRG and background values.  
Sheet 19 presents the results for thorium-230 at each soil boring location based on sample depth intervals.  RI 
soil samples with thorium-230 results above the most conservative background value (1.21 pCi/g) appear to 
be generally collocated with the spatial occurrences for total uranium.  The highest values for thorium-230 
were found in the south-central portion of the IA, in the zone of the historical boring confirmation sampling, 
to a depth of 2 ft bgs.  A single above-background result for thorium-230 was identified, which was not 
collocated with total uranium results in the south-central portion of the IA.  The thorium-230 result at this 
location (IA06-SB0006) is 1.37 pCi/g.  Total uranium results at this same boring are below site-specific 
background levels.   
 
Remaining Significant COPCs 
 
Results for radium-226/lead-210  range from 0.21 pCi/g at IA06-SB0014 to 2.36 pCi/g (BEGE-SB0005) 
(Table 6-33).  A total of seven results for radium-226/lead-210  are above the site-specific background values 
(1.45 pCi/g) in both surface and total soil to a depth of 10 ft bgs.  Results for radium-226/lead-210 above 
background (Sheets 20) were generally collocated with total uranium results also above background.  
 
6.4.4.3.1    Phase III Gridded Soil Sampling  
 
In Phase III, a gridded soil sampling approach was applied to IA06 to address thorium data gaps from Phase I 
and II, and to determine the suitability of potential close-out of the area. 
 
In summary, all three samples with results greater than the first two phases of the RI total uranium screening 
level of 30 pCi/g were vertically bounded by underlying samples with total uranium below the screening 
level.  The general location of these samples in the south-central portion of the IA is near the localized zone 
described in the RIR as potentially impacted by past fill placement activities.  Soil boring logs for these 
locations indicated mostly clay/silt with some gravelly sand or rock and brick/concrete debris.  
 
The highest levels of thorium-230 were found to be collocated with total uranium above the screening level.  
Radium-226 and radium-228 exceeded the most conservative background from the RIR in three samples; 
these results were not elevated and were collocated with total uranium and thorium-230. 
 
A black layer with a slight hydrocarbon odor was observed in approximately five of the soil borings 
completed in IA06, generally from 8-10 ft bgs.  The material, observed in the central portion of the IA and in 
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one boring in the northeast corner, is similar to that observed in the IA08 river sediment samples, and may be 
indicative of a historical oil spill in the area or in the Cuyahoga River.   
 
Total Uranium 
 
Three samples contained total uranium above the RI screening level of 30 pCi/g, with a maximum value of 
74.79 pCi/g from 0.5-1 ft bgs at IA06-SB0024 (Figure 6-27).  This sample was vertically bound by a 
composite sample collected from 1-8 ft bgs that contained total uranium at 7.65 pCi/g.  Total uranium results 
above the screening level at IA06-SB0039 (34.00 pCi/g at 4.5-5 ft bgs) and IA06-SB0027 (51.43 pCi/g 6.5-7 
ft bgs) were also bound vertically by a sample below. 
 
XRF soil screening results indicated the presence of detectable uranium at a total of three soil boring 
locations.  At IA06-SB0024, uranium was detected in five sample intervals between 0-3.5 ft bgs (maximum 
concentration 97.89 ppm from 0.5-1 ft bgs).  At IA06-SB0027, uranium was detected in seven sample 
intervals between 5-9 ft bgs (maximum concentration 61.15 ppm from 6.5-7 ft bgs).  At IA06-SB0039, 
uranium was detected in eight sample intervals between 0.5-6 ft bgs (maximum concentration 41.70 ppm 
from 4.5-5 ft bgs). 
 
Thorium-230 
 
The maximum value for thorium-230 in IA06 was 10.00 pCi/g at IA06-SB0027 (6.5-7 ft bgs).  This sample 
also contained total uranium above the screening level.  The same is true for the sample containing the 
second highest value for thorium-230 (3.65 pCi/g, with 76.58 pCi/g of total uranium at IA06-SB0024 from 
0.5-1 ft bgs).  Nine other samples contained thorium-230 above the most conservative background value used 
in the RIR (1.42 pCi/g).  Results are presented in Sheet 19. 
 
Radium-226/228 
 
Only two sample results exceeded the most conservative background value from the RIR for radium-226 
(Sheet 20).  The maximum result was measured in a sample collected from 0.5-1 ft bgs at IA06-SB0024 
(1.78 pCi/g), which also contained total uranium above the screening level and thorium-230 above 
background.     
 
Two sample results exceeded the most conservative background value from the RIR for radium-228.  The 
maximum value (1.46 pCi/g) was measured in a sample collected from 4.5-5 ft bgs at IA06-SB0039.  Total 
uranium above the screening level and thorium-230 above background were also present in this sample. 
 
6.4.5  IA07 (Westside Soil) 
 
Soil characterization activities for IA07 consist of geophysical surveys, gamma walkover surveys, and soil 
sampling, as presented below. 
 
Soil characterization efforts identified one main area of radiological COI contamination in IA07.  This area is 
located in the southern portion of the IA adjacent to the Milan Trucking Company property, where evidence 
of yellowcake material was found.  Gamma walkover survey and soil sampling results indicate 
contamination is not present as a widespread continuous layer, but was scattered during fill 
emplacement/disposal activities, potentially throughout the general area.   
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6.4.5.1   Geophysical Survey 
 
The geophysical survey results obtained in IA07 were consistent with characteristics and features of a former 
industrial facility (e.g., metallic debris, fill, and buried potential building basements and structures).  The 
geophysical survey map (Figure 6-22) provides images of the lateral extent of conductive and metallic 
subsurface materials. 
 
In IA07, EM-31 results located two potential buried utilities and identified additional anomalous zones 
within topographically elevated areas (Figure 6-22).  The central portion of IA07 was found to be relatively 
free of potential subsurface metals.  GPR traverses in IA07 were not consistent in delineating depths of 
interpreted buried utilities from the EM survey.  
 
GPR survey results, in general, were found to be of limited resolution due to the high conductivity of the sub-
surface materials at the site.  In consideration of project goals, survey results, and inherent technique 
limitations, the completed EM-31 and GPR surveys provided reconnaissance information as to the lateral 
extent of fill materials and potential waste. 
 
The results of these geophysical surveys were used to guide the planning of additional soil sample locations 
during Phase I and II to further investigate anomalies found by EM-31 and GPR methods.  RI intrusive soil 
sampling did not provide conclusive results confirming the assumptions of buried metals in anomalous zones 
made by the geophysical investigation. 
 
6.4.5.2   Gamma Walkover Survey 
 
Figure 6-26 presents gamma walkover survey results for IA07.  Elevated gamma activity can be seen in one 
small area in the southern portion of the IA adjacent to Milan Trucking Company property.  This area was 
targeted for surface soil sample collection activities to confirm the results of the gamma walkover surveys.  
Intrusive soil sampling at this area confirmed the presence of radiological constituents in surface soil as 
discussed in detail in Section 6.4.5.3.   
 
Confirmatory surface soil sampling in this area during Phase II uncovered a small fragment of building brick 
covered with uranium oxide (yellowcake) material.  This discovery led to the performance of an additional 
gamma walkover survey for this limited area with 100 percent survey coverage.  This survey conducted in 
IA07 during Phase II identified a second fragment of grossly-contaminated building brick.  This second 
location had been previously unidentified by the NIFW gamma walkover survey, due to the nature of the 
contaminated material.   
 
6.4.5.3   Soil Sampling 
 
A total of 96 soil samples were collected from 46 locations in IA07 during the RI as described in Section 3.5 
of this RIR.  Tables 6-34 and 6-35 present the analytical results and calculated results (total uranium only) 
for COIs and Significant COPCs, respectively, in IA07. 
 
COIs 
 
Table 6-34 presents the statistical report for IA07.  No MED-related chemical Significant COPCs were 
identified for IA07.  Lithium, molybdenum, and kerosene (TPH-DRO) were detected in IA07 soil samples, 
but were not identified as Significant COPCs in the BRA.  Maximum detected levels of lithium, 
molybdenum, and kerosene (TPH-DRO) in IA07 soil samples were 30,800 ug/kg, 389,000 ug/kg, and 186 
mg/kg, respectively.  No apparent trends in spatial distribution results exist for IA07 soil COIs.   
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Significant COPCs  
 
From Table 6-35, the following seven constituents were identified as Significant COPCs for IA07 soil: 
 
• Total uranium; 
• Thorium-232; 
• Thorium-230; 
• Thorium-228; 
• Radium-228;  
• Radium-226; and 
• Lead-210. 
 
Total uranium 
 
The maximum detected value for total uranium in IA07 soil is 3463 pCi/g at IA07-SB0030 (Table 6-35).  
Figures 6-27 to 6-29 present total uranium results for IA07 surface soil (0 to 2 ft bgs), total soil (0 to 13 ft 
bgs), and deep soil (greater than 13 ft bgs), based on PRG and background values.  Sheet 21 presents results 
for total uranium at each soil boring location based on sample depth intervals, including available historical 
sample results.  RI soil borings with associated sample results above the 30 pCi/g screening level used during 
field intrusive sampling activities appear to be located in one small zone in the southern portion of IA07 
adjacent to Milan Trucking Company property as shown on Figures 6-27 to 6-29. 
 
This zone is proximate to two historical soil borings with total uranium sample results above the 30 pCi/g 
screening level, and is also located in the same general vicinity as elevated gamma activity detected during 
the NIFW gamma walkover surveys (Figure 6-26).  A total of 24 borings were installed in this area targeting 
historical sample and gamma walkover survey results.  Three of these borings are associated with sample 
results greater than the 30 pCi/g screening level.  The two highest results are from borings IA07-SB0030 and 
IA07-SB0038 (3463 pCi/g and 2308.2 pCi/g, respectively); both from the 0 to 1 ft bgs surface soil interval.  
The elevated total uranium in samples from both of these borings was located based on the results of the 
Phase II limited gamma walkover surveys discussed in Section 6.4.5.2.   
 
Field records indicate sample material in this zone is composed of building brick fragments covered in 
visible amounts of uranium oxide (yellowcake), confirmed by analytical sample results.  These bricks appear 
as small isolated fragments of contaminated building materials/debris.  The locations of these contaminated 
brick fragments suggest the fill material in this portion of IA07 is not present as a widespread continuous 
layer, but was scattered during fill emplacement/disposal activities, potentially throughout the general area.   
 
This fill debris material was not detected during the NIFW gamma walkover surveys due to their nature, size, 
and distribution throughout the surface soil interval and the techniques/survey coverage percentages used in 
the surveys.  These contaminated fill materials were detected through routine radiological field screening 
with a 2-inch by 2-inch NaI detector during Phase II surface soil sampling in IA07.  This field screening 
detected several areas of elevated gamma activity.  Subsequent sampling of one of these areas (IA07-
SB0038) resulted in the discovery of one of the yellowcake-covered brick fragments discussed above.  This 
led to the performance of the limited gamma walkover survey in IA07 during Phase II as discussed in 
Section 6.4.5.2.  These additional surveys provided 100% coverage of this smaller specific zone.  The 
increased coverage of the Phase II IA07 surveys allowed for identification of a second fragment of grossly-
contaminated building brick/debris located at boring IA07-SB0030.  Deeper samples were not collected at 
these locations to define vertical extent due to the nature of the sample materials and their apparent random 
distribution throughout the area.  Although observational soil borings were installed in the surrounding area, 
the nature of the contaminated materials does not allow for conclusive definition of total uranium extent as 
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observational sampling would often fail to detect such small pieces of fill material spread out over such a 
relatively large area.  The close proximity of these sample locations to the predominantly paved Milan 
Trucking Company further suggests that defining the extent of these yellowcake covered fill materials may 
not be possible under current site conditions, as soil boring installations through pavement would only 
provide very small detail of a much larger area.  These site factors and the nature of the buried fill material 
introduce uncertainty regarding the extent of contaminated soil throughout a large portion of IA07. 
 
Photograph 68 shows IA07 soil in an area of elevated radiological activity with obvious fill material 
fragments (glass) at ground surface. 
 
Thorium-230 
 
The maximum result for thorium-230 in IA07 is 10.10 pCi/g at IA07-SB0031 (Table 6-35).  Figures 6-30 to 
6-32 present the results for thorium-230 in IA07 surface soil (0 to 2 ft bgs), total soil (0 to 13 ft bgs), and 
deep soil (greater than 13 ft bgs), based on PRG and background values.  Sheet 22 presents the results for 
thorium-230 at each soil boring location based on sample depth intervals.  RI soil samples with thorium-230 
results above the most conservative background value (1.21 pCi/g) appear to be generally collocated with the 
spatial occurrences for total uranium.  Thorium-230 results above background levels were found in the 
southern portion of IA07 adjacent to Milan Trucking Company property to a maximum depth of 10 ft bgs, 
though the vast majority of these results were found in surface soil from 0 to 2 ft bgs.  Two additional soil 
borings located further south of this zone in IA07, which were collected to provide data for the on-site BEGe 
laboratory correlation study discussed in Section 4.2.2.1, showed thorium-230 results slightly above 
background levels.  Associated total uranium sample results at these borings were below site-specific 
background levels for total uranium. 
 
The on-site BEGe laboratory results were compared to the 921 Phase I and II samples with gamma 
spectroscopy thorium-230 results, there were 11 samples with above-detection limit values, which would 
suggest that there would have been approximately 17 samples with alpha spectroscopy results greater than 
100 pCi/g for thorium-230 if all samples had been analyzed by alpha spectroscopy.  Ten of these 11 samples 
had uranium-238 activity concentrations above 30 pCi/g.  The one anomalous sample, HSSB1118 from 
IA07, had relatively high thorium-230 activity concentrations (approximately 200 pCi/g) with uranium-238 
at background.  The corresponding alpha spectroscopy result for this sample was 7.7 pCi/g.  In this particular 
area, contamination appears to be highly localized and heterogeneous, associated with disposal debris.  
Although this particular sample showed low levels of uranium, other adjacent samples showed very high 
levels of uranium. 
 
There are 30 historical samples with total thorium results.  All 30 samples were collected from surface soil in 
IA07.  Two samples were elevated for total thorium (1,992 and 426 pCi/g, respectively), while the next 
highest detectable result was only 2.5 pCi/g.  The two samples that were elevated corresponded to an area 
identified by the RI on-site gamma spectroscopy system and alpha spectroscopy sample results as having 
elevated thorium-230 activity concentrations.  It is not clear from these data whether the total thorium 
activity concentrations measured were attributable to thorium-230 or thorium-232 (or some combination).  
However, the very low results for the balance of IA07 indicates that vast majority of the area sampled 
showed no evidence of thorium-230 contamination in surface soil.  The two samples with elevated total 
thorium had levels of uranium-238 elevated above 15 pCi/g. 
 
Remaining Significant COPCs 
 
The maximum detected values for remaining Significant COPCs (thorium-232, thorium-228, radium-228, 
and radium-226/lead-210) in IA07 soil are 74.80 pCi/g, 88.00 pCi/g, 51.0 pCi/g, and 7.98 pCi/g, respectively 
(Table 6-35).  Spatial distributions of results for these constituents above their respective background levels 

Former Harshaw Chemical Site Page 6-42 
Remedial Investigation Report 
Revision 1  
December 2009 



 

(Sheets 22 and 24 to 26) are generally collocated with above-background uranium results.  Several samples 
collected from soil borings located in the area south of the Milan Trucking Company property contained 
elevated results of thorium-232, thorium-228, and radium-228 (i.e., above the residential adult PRG) that 
were not associated with total uranium results above the screening level of 30 pCi/g.  These soil borings are 
located within the area of scattered, isolated areas of elevated activity identified during screening with 
radiological instruments designed to bias sampling locations.  As described above, the fill material in this 
area, potentially associated with historical disposal of laboratory waste, was not fully defined due to the 
nature of the sample materials and their apparent random distribution throughout the area.   
 
6.4.6  Multiple IA Sample Collection 
 
After the assessment of the two initial phases, the 2006 RIR (SAIC 2006a) showed significant data gaps 
discussed in Section 3.1.3, which needed to be addressed in order to develop a complete FS of the Former 
Harshaw Chemical Site.  These data gap studies were performed in two subsequent phases – Phase III and 
Phase IV.  For these investigations, additional locations were selected to obtain the best samples to fill in 
these data gaps.  In some cases, these samples were collected with the same approach, but spanned over 
multiple IAs.  The results for the additional soil sampling from Phase III and Phase IV are presented and 
briefly discussed below.  The additional approaches as described in Section 3 include archived samples 
reanalyzed during Phase III and Phase IV, historical pit/ pond, and targeted concrete slabs, and are presented 
as subheadings below.  The sample results, however, are not presented in separate tables and figures, but are 
included in the IA-specific figures and sheets in which the samples are found. 
 
6.4.6.1   Analysis of Archived Soil Samples 
 
The broad objectives of Phase III and IV is to fill in thorium-230 data, and to determine whether there has 
been a release of any recycled uranium or associated contaminants, respectively.  To accomplish this, 
archived soils were reanalyzed for specific parameters.  The results of the archived samples are not presented 
here, but are incorporated in the above sections based on the IA from which they were initially collected. For 
a complete list of reanalyzed archived samples, see Tables 3-7 and 3-8. 
 
As discussed in Section 4.3.3, the Phase IV uranium isotopes were analyzed by ICP-MS.  However, these 
data are not used in the BRA, but were collected mainly to address the uranium enrichment question. Table 
6-36 presents the soil results of this analysis.  The parameters analyzed are uranium-233, uranium-234, 
uranium-235, uranium-236, and uranium-238.  The maximum values for these analytes are 0.01, 0.069, 9.8, 
0.082, and 1460 mg/kg, respectively. 
 
6.4.6.2   Historical Pit/Pond Soil 
 
Ten soil borings were completed in IA03 and IA04 within the footprints of a historical pit and 
evaporation/retention pond identified in historical information after the original RIR (SAIC 2006a) was 
completed.  Results for selected constituents are discussed below.  Results are provided in the IA-specific 
tables and figures. 
 
In summary, no elevated results were measured within the footprint of the historical pond in IA04, 
suggesting no impact from the retention pond that may have been located in this area in the past.   
 
In the area of the historical pit just north of Building G-1, several samples exceeded the RI total uranium 
screening level of 30 pCi/g.  These samples were collected from black fill material containing fragments of 
brick, rock, or slag.  A shallow zone of the black material is present within the upper 0.5 - 1 ft beneath the 
concrete pad in all four borings.  This distribution may indicate the black material is degraded asphalt, or 
base material placed during concrete pad installation.  Deep occurrences of the black fill material at borings 
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IA03-SB0153 and IA03-SB0154 suggest the placement of this material within an excavation or depression 
(see soil boring logs in Appendix 1B).  Samples with elevated total uranium results were bound vertically 
with samples below that were not elevated.  Uranium sample results indicate soil in the area up to a depth of 
6 ft bgs may be contaminated due to the past presence of a waste pit in the area.  Although the presence of 
black material at deeper depths than was observed in other RI soil borings completed near this area indicates 
there may have been a pit or hole in this area, total uranium values from the soil borings completed during 
Phase III are consistent with total uranium measured in this material from other RI soil borings in the area. 
 
Elevated levels of thorium-230 and radium-226 (relative to other samples) were measured at the boring with 
the maximum level of total uranium.  The samples collected in this area are bound laterally by Building G-1 
and by other RI soil borings.       
 
Total Uranium 
 
No total uranium results from the samples collected within the footprint of the historical pond in IA04 
exceeded the RI screening level of 30 pCi/g.  The maximum value for total uranium from the six soil borings 
was 6.19 pCi/g at IA04-SB0059 (0-2 ft bgs).     
 
Six total uranium results from the four soil borings completed near the historical pit located on the north side 
of Building G-1 exceeded the RI screening level of 30 pCi/g.  The maximum value was 370.50 pCi/g from 
0.5-1 ft bgs at IA03-SB0155.  Black fill material was encountered at this depth.  Soil was collected to a depth 
of 7.5 ft bgs at this location, and all other samples from this location were below 17 pCi/g (from soft gray 
clay).       
 
Two of the samples collected from 0-2 ft bgs at IA03-SB0152 exceeded the screening level of 30 pCi/g, with 
a maximum of at 60.77 pCi/g from 0.25-0.75 ft bgs.  The material at 0-2 ft bgs at this location was observed 
to be loose black fill material with brick fragment.  All samples collected 2-8 ft bgs were below 11 pCi/g.  
This material was noted to be hard clay.   
 
Two samples collected at IA03-SB0153 were above 30 pCi/g, with measured values of 104.47 pCi/g (0-0.5 ft 
bgs) and 61.76 pCi/g (5.5-6 ft bgs).  Both of these samples were also collected from black fill-like material 
with gravel and brick debris, while other samples taken at this location were from clay material.  The surface 
sample collected at IA03-SB0154 (0-0.5 ft bgs) exceeded the screening level with a total uranium value of 
64.72 pCi/g (from black gravelly fill material).  All other samples from 0.5-7 ft bgs at this location were 
below the screening level. 
 
As discussed above, the samples that exceeded the 30 pCi/g RI screening level for total uranium in the area 
of the historical pit were collected from black fill material with fragments of brick, rock, or slag.  This 
material and associated high total uranium values was also encountered in soil borings collected in the area 
north of Building G-1 during the RI.  However, the black material was only noted in the top 0-2 ft at other 
locations, while this material was also observed at deeper depths in two of the soil borings completed during 
Phase III.  The presence of the black fill material at deeper depths suggests there may have been a pit or hole 
at this location in the past. However, total uranium values from the borings in this area are consistent with 
total uranium measured in other borings containing this material north of Building G-1. 
 
Thorium-230 
 
The maximum value for thorium-230 from samples collected within the footprint of the historical pond in 
IA04 was 2.92 pCi/g (0-2 ft bgs at IA04-SB0058).  Seven other results were equal to or exceeded the most 
conservative background value from the RIR BRA (1.42 pCi/g).  As noted above, none of the samples 
collected in this area exceeded the RI total uranium screening level. 
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The maximum value for thorium-230 from samples collected near the historical pit located on the north side 
of Building G-1 was 164 pCi/g (0.5-1 ft bgs at IA03-SB0155).  This result is collocated with the maximum 
total uranium value in this area (370.50 pCi/g).  Sixteen other samples exceeded the most conservative 
background value used in the RIR (1.42 pCi/g).  Six of the highest seven values for thorium-230 occurred in 
samples where total uranium exceeded the RI screening level.  As noted above, these samples were collected 
from black fill material with fragments of brick, rock, and slag. 
 
Radium-226/228 
 
The maximum value for radium-226 from samples collected within the footprint of the historical pond in 
IA04 was 1.85 pCi/g (0-2 ft bgs at IA04-SB0058).  This corresponds to the highest thorium-230 value 
measured in samples collected in this area.  Four other results exceeded the most conservative background 
value from the RIR BRA (1.21 pCi/g).  All of the five results above background were collocated with 
thorium-230 above background. 
 
The maximum value for radium-228 in samples collected from this area was 1.91 pCi/g at IA04-SB0062 (6-8 
ft bgs).  Four other sample results exceeded the most conservative background value used in the RIR for 
radium-228 (1.30 pCi/g).  Four of the five samples also exceeded background values for thorium-230 and 
radium-226. 
 
The maximum value for radium-226 from samples collected near the historical pit located on the north side 
of Building G-1 was 4.34 pCi/g (0.5-1 ft bgs at IA03-SB0155).  This result correlates to the maximum total 
uranium (287.80 pCi/g) and thorium-230 (164 pCi/g) in this area.  Fourteen other samples equaled or 
exceeded the most conservative background value used in the original RIR (1.21 pCi/g).  Eleven of the 
fifteen values above or at background occurred in samples where thorium-230 also exceeded background. 
 
Five samples exceeded the most conservative RI background value for radium-228 in this area, with a 
maximum of 1.54 pCi/g (0-2 ft bgs at IA03-SB0157).  Four of the five samples also exceeded the 
background value for radium-226. 
 
6.4.6.3   Targeted Concrete Slabs 
 
Ten soil samples were collected from the soil beneath targeted concrete slabs in IA03, IA04, and IA05.  
Results for these samples are discussed by constituents below.  In summary, only two samples exceeded the 
RI screening level of 30 pCi/g of total uranium (one sample was collected from IA04 and one from IA05).  
No elevated results were measured for thorium-230, radium-226, or radium-228. 
 
Total Uranium 
 
Two samples collected from soil beneath the targeted concrete slabs exceeded the total uranium RI screening 
value of 30 pCi/g.  The maximum value of 176.11 pCi/g was measured at IA05-SB0060 (from 0-2 ft below 
the concrete).  The material sampled consisted of black slag and fill material with some silt.  This type of fill 
material was also encountered at some of the other locations under concrete slabs.   
 
The second sample that exceeded the screening level was collected from IA04-SB0064 from 0-2 ft below the 
concrete (41.45 pCi/g).  The material sampled was clay with no observed debris or fill.  
 
Thorium-230 
 
Five samples exceeded the most conservative background value from the original RIR (SAIC 2006a) (1.42 
pCi/g), with a maximum of 1.99 pCi/g (0-1 ft bgs at IA03-SB0156). 

Former Harshaw Chemical Site Page 6-45 
Remedial Investigation Report 
Revision 1  
December 2009 



 

Radium-226/228 
 
Four samples exceeded the most conservative background value from the original RIR for radium-226 (1.21 
pCi/g), with a maximum of 2.89 pCi/g at IA03-SB0157 (0-2 ft bgs).  All four samples correspond to 
thorium-230 results above background. 
 
Two samples exceeded the most conservative background value from the original RIR for radium-228 (1.30 
pCi/g), with a maximum value of 2.04 pCi/g at IA04-SB0063 (0-1.5 ft bgs).  These samples did not have 
elevated total uranium above the screening level. 
 
6.5   SEDIMENT AND SURFACE WATER CHARACTERIZATION RESULTS 
 
The following sections present the results of surface water and sediment media sampling activities conducted 
during the RI for targeted radiological and chemical constituents in IA08 and IA09.   
 
6.5.1  IA08 (Sediment and Surface Water in the Cuyahoga River and Big Creek) 
 
A total of 16 sediment and 6 surface water samples were collected from IA08 (Figure 3-19) during the RI, as 
described in Section 3.6.2.2.  Tables 6-37 and 6-38 present the analytical statistical results for all IA08 
sediment and surface water samples collected during the RI, respectively.   
 
No MED-related chemical or radiological Significant COPCs were identified for either sediment or surface 
water media.  Chemical and radiological COIs were detected in these media at the site, but were not 
identified as Significant COPCs in the BRA.   
 
Chemical COIs 
 
Lithium, molybdenum, and kerosene (TPH-DRO) were detected in IA08 sediment samples but were not 
identified as Significant COPCs.  Maximum detected levels of lithium, molybdenum, and kerosene (TPH-
DRO) in IA08 sediment samples are 17,500 ug/kg, 9,820 ug/kg, and 148 mg/kg, respectively (Table 6-37).  
No screening levels were defined for use during field intrusive sampling activities for RI chemical 
constituents in sediment, and no apparent trend in spatial distribution exists for these chemical COIs. 
 
These same chemical COIs were detected in IA08 surface water samples, but were not identified as 
Significant COPCs.  Maximum detected levels of lithium, molybdenum, and kerosene (TPH-DRO) in IA08 
surface water samples are 22.6 ug/L, 17.8 ug/L, and 0.29 mg/L, respectively (Table 6-38).   
 
Radiological COIs 
 
The maximum result for total uranium in IA08 sediment samples is 14.78 pCi/g at IA08-SD0007 (Table 6-
37).  This sample was collected from the Cuyahoga River near the western bank adjacent to IA04, as shown 
on Figure 3-19.  Although no screening level exists for radiological total uranium in sediment, the sample 
result at this location was significantly higher than those of other IA08 sediment samples.  The maximum 
total uranium result at this location may occur as a result of its close proximity to the IA04 fill 
characterization area along the western bank of the Cuyahoga River.  This elevated sediment result is 
generally collocated with the elevated total uranium in total soil in the adjacent IA04 parcel as discussed in 
Section 6.5.1.  Cuyahoga River flow along this fill zone may cause this material to wash into the river and 
impact total uranium levels of the bottom sediment.  Although the maximum total uranium result for 
sediment is associated with this fill location, no constituents in site sediments were identified as Significant 
COPCs.   
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The maximum result for thorium-230 is 1.22 pCi/G (Table 6-37).  The maximum detected values for the 
remaining radiological COI (radium-228) in IA08 sediment is 1.08 pCi/g (Table 6-37).   
 
The maximum result for total uranium in IA08 surface water samples is 1.59 pCi/L at IA08-SW0009 (Table 
6-38).  This sample was collected from Big Creek in IA07 as shown on Figure 3-19.  Six out of 12 samples 
were non-detect for total uranium. 
 
6.5.1.1   Phase III River Sediment Sampling 
 
In Phase III, four sediment samples were collected from targeted locations in the Cuyahoga River and Big 
Creek (Section 3.6.2.3).  Results for selected constituents are discussed below.  In summary, no elevated 
results were measured.  The sample material collected beneath the surface at IA08-SD0015 and IA08-
SD0016 was observed to be black with an oil-like sheen and hydrocarbon odor.  This material may be 
indicative of a historical oil spill in the Cuyahoga River. 
 
Total Uranium 
 
The maximum result for total uranium during Phase III in IA08 sediment is 3.62 pCi/g at IA08-SD0013, 
which is near the southern tip of IA05 in Big Creek.  Although no sediment screening value was identified in 
the RI, the IA08 maximum total uranium sediment result is less than the uranium-238 screening value of 
2,500 pCi/g. 
 
Also, the above sample result is not as high as the maximum IA08 sediment result collected during the first 
two phases of the RI, which was 14.78 pCi/g, collected from the western bank of the Cuyahoga River, 
adjacent to IA04 at IA08-SD0007.  The sample collected at IA08-SD0015 located approximately 150 ft 
downstream from IA08-SD0007 contained 0.76 pCi/g of total uranium. 
 
Thorium-230 
 
In Phase III, the maximum result for thorium-230 in IA08 sediment is 1.65 pCi/g at IA08-SD0013, which is 
near the southern tip of IA05 in Big Creek.  This sample is higher than results from Phase I and II (maximum 
of 1.39 pCi/g), and higher than the sediment background value calculated in the previous phases (1.55 
pCi/g); however, it is not considered significantly elevated.  This result is collocated with the maximum 
result for total uranium collected during this investigation. 
 
Radium-226/228 
 
No IA08 sediment results collected during Phase III for radium-226 or radium-228 were above Phase I or II 
sediment background values of 1.55 pCi/g and 1.06 pCi/g, respectively. 
 
6.5.2  IA09 (Sewers and Drains) 
 
IA09 was characterized through sediment and surface water sampling from inside the sewer lines and outfalls 
and sampling of the backfill around the sewer lines, as discussed below.  For in-depth analysis of 
groundwater transportation see Section 7 Numerical Groundwater Flow and Transport Modeling. 
 
6.5.2.1   Sediment and Surface Water Sampling 
 
Soil, sediment, and surface water samples were collected from IA09 (Figure 3-20) during as described in 
Section 3.6.3.2.  Tables 6-39 and 6-40 present the analytical results for all IA09 sediment and surface water 
samples collected during the RI.   

Former Harshaw Chemical Site Page 6-47 
Remedial Investigation Report 
Revision 1  
December 2009 



 

No MED-related chemical or radiological Significant COPCs were identified for IA09 sediment or surface 
water.  In addition, background values developed from samples collected from the Cuyahoga River and Big 
Creek in IA08 are not considered representative for comparison to sediment or surface water present within 
the site sewer system. 
 
Chemical COIs 
 
Lithium, molybdenum, and kerosene (TPH-DRO) were detected in IA09 sediment samples.  Maximum 
detected levels of lithium, molybdenum, and kerosene (TPH-DRO) in IA09 sediment samples are 28,500 
ug/kg, 332,200 ug/kg, and 28,800 mg/kg, respectively (Table 6-39).  
 
These same chemical COIs were detected in IA09 surface water samples.  Maximum detected levels of 
lithium, molybdenum, and kerosene (TPH-DRO) in IA09 surface water samples are 52.0 ug/L, 31.9 ug/L, 
and 61.7 mg/L, respectively (Table 6-40).   
 
Radiological COIs 
 
The maximum result for total uranium in IA09 sediment samples is 480.34 mg/kg at IA09-SD0010 (Table 6-
39).  This sample was collected from a manhole located outside of the southeast corner of Building G-1 in 
IA03, as shown on Figure 3-20.  The sample result at this location was significantly higher than those of 
other IA09 sediment samples.  The elevated result at this location appears to be a result of the manhole’s 
proximity to Building G-1.  Total uranium contamination inside of this manhole may have been transported 
and deposited by surface runoff and/or groundwater infiltration in the vicinity of Building G-1.   
 
The occurrence of elevated total uranium in sewer line sediment at this location introduces uncertainty 
regarding the extent of potentially contaminated media throughout the sewers and drains system at the site.  
Because of the limited nature of the IA09 sampling due to underground utility clearances and limited site 
under-drain knowledge, it is unclear to what extent material (sediment and surface water) is able to move 
through the underground network of sewer lines.  Blockages may be present within these lines, impeding 
transport of total uranium impacted-media.  Access to sediment and surface water within these lines is only 
available at manhole and/or catch basin locations, and limits further investigative sampling along lines where 
the total uranium present at IA09-SD0010 may have been transported.  However, as discussed in Section 
3.1.3, if the contaminants had precipitated in river water in a short distance, this process still would have 
taken place over some length of river bed and the sediments in this bed would have been highly mixed and 
diluted with other sediment or swept downstream after resuspension in the over 50 years that have passed 
since any discharge. Residual levels in river sediments would be expected to be extremely low given the 
small quantities involved. 
 
The maximum result for thorium-230 in IA09 sediments is 1.67 pCi/g at IA09-SD0010 (Table 6-39).  This 
thorium-230 result is collocated with the maximum occurrence of total uranium discussed above.  Gamma 
spectroscopy results for thorium-230 in sediment were evaluated because alpha spectroscopy analyses were 
not performed for sediment.  The maximum detected values for thorium-232, thorium-228, and radium-228 
in IA09 sediment are 0.97 pCi/g, 1.24 pCi/g, and 2.24 pCi/g, respectively (Table 6-39). 
 
The maximum result for total uranium in IA09 surface water samples is 2.82 mg/L at IA09-SW0010 (Table 
6-40).  This sample was collected from a manhole located outside of the southeast corner of Building G-1 in 
IA03, collocated with the maximum result for total uranium in IA09 sediment discussed above, as shown in 
Figure 3-20.  Similar to the sediment sample result at this location, this result was significantly higher than 
those of other IA09 surface water samples.  The elevated result at this location appears to be related to the 
maximum occurrence for total uranium in sediment, and is assumed to be a result of the manhole’s proximity 
to Building G-1.   
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Three of the IA09 sewer line sediment and surface water sample locations (IA09-SW/SD0101, IA09-
SW/SD0011, and IA09-SW/SD0102) were selected to represent upstream and downstream data points for 
the main sanitary sewer line running through the site (Figure 3-20).  The sanitary line enters the site from the 
north, upstream of location IA09-SW/SD0101, and continues southward along the west side of Building G-1 
toward Harvard Avenue.  Downstream of IA09-SW/SD0102 the line joins into another main sewer running 
parallel to Harvard Ave at the site entrance.  Samples were collected at the three available manhole access 
points along this sanitary sewer line to characterize the surface water and sediment.  The upstream sample 
location (IA09-SW/SD0101) shows the highest value for total uranium in sediment (20.65 pCi/g) within the 
sanitary sewer line.  A decrease is noted in total uranium results for both media at the next downstream 
location (IA09-SW/SD0011).  The furthest downstream sample location results at IA09-SW/SD0102 were 
inconclusive for determining a decreasing trend in contaminant levels from upstream to downstream.  
Surface water results for total uranium were highest at this location (14.90 pCi/L [field duplicate]), while 
sediment results decreased from both upstream locations.  The contamination in the sewer line is likely 
associated with infiltration of groundwater impacted by COIs in the vicinity of Building G-1 or be derived 
from the historical raffinate disposal as discussed in Section 3.1.3.  This conclusion is supported by 
documented evidence the sanitary sewer line is also impacted by non-MED/AEC related chemical 
constituents in groundwater in this portion of the site.    
 
As discussed in Section 3.6.3.2, more detailed information is being compiled on the materials that may have 
been released to the sewers and drains as part of the effort to obtain more complete data on the extent of 
thorium-230 contamination at the site.  Records indicate some waste streams potentially containing thorium-
230 were discharged to the on-site sewer system. 
 
6.5.2.2   Backfill Soil Sampling 
 
Soil samples were collected from IA09 (sewer line backfill material) as described in Section 3.6.3. of this 
RIR (Figure 3-20).  Although these soil boring locations are physically located within the soil IAs (i.e., IA03, 
IA04, and IA05), they are considered to be part of IA09 since the only exposure to the backfill material 
would result from work involving the sewers and drains system. Table 6-41 presents the analytical results for 
IA09 soil samples collected during the RI.   
 
No MED-related chemical or radiological Significant COPCs exist for IA09 soil.   
 
Lithium, molybdenum, and kerosene (TPH-DRO) were detected in IA09 soil samples.  Maximum detected 
levels of lithium, molybdenum, and kerosene (TPH-DRO) in IA09 soil samples are 34,600 ug/kg, 4,270 
ug/kg, and 13.8 mg/kg, respectively. 
 
The maximum value for total uranium in IA09 soil samples is 56.58 pCi/g at station STM-TR1 (Table 6-41).  
Figure 3-20 shows the locations of IA09 soil samples collected during the RI.  Three out of the five soil 
samples collected in IA09 had results above the site-specific background value for total uranium (4.05 
pCi/g), but all sample results were below the 30 pCi/g screening level used during field intrusive sampling 
activities.  The nature of the backfill material surrounding the sewer lines does not allow for defining a 
standard lateral and vertical extent of total uranium in soil.  Lateral extent of total uranium is based entirely 
on locations of sewer lines throughout the site, as the backfill material in question is only present 
surrounding these lines.  The vertical extent is limited by varying depths of the sewer lines.  In addition, 
many sewer line locations were in close proximity to underground utilities and were not able to be sampled.  
The extent of total uranium in IA09 sewer line backfill material was defined to the extent possible, based on 
the relatively small dataset and the nature and distribution of the backfill material.  Sewer backfill material 
descriptions on soil boring logs consisted of well sorted sands and/or gravels. 
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The maximum value for thorium-230 (Table 6-41) is 15.80 pCi/g at IA09-SB0006 STM-TR1.  All IA09 soil 
sample results for thorium-230 are below site-specific background values. 
 
The maximum detected values for COIs thorium-232, thorium-228, and radium-228 in IA09 soil are 2.26 
pCi/g, 1.51 pCi/g, and 1.31 pCi/g, respectively (Table 6-41).  All IA09 soil sample results for these 
constituents are below site-specific background values. 
 
As discussed in Section 4.3.3 the Phase IV uranium isotopes were analyzed by ICP-MS.  This included two 
sediment samples and four surface water samples.  These data are not used in the BRA; however, Table 6-42 
presents the soil results of this analysis.  The parameters analyzed are uranium-233, uranium-234, uranium-
235, uranium-236, and uranium-238.  The maximum value for the sediment samples are 0.01, 0.035, 4.7, 
0.0051, 697 mg/kg, respectively.  The maximum value for the surface water analytes are 0.05, 0.05, 2.8, 
0.05, 458, ug/L, respectively. 
 
6.5.2.3   Sewer Sediment Sampling 
 
In Phase III, a total of 10 additional sediment samples were collected from the sewer system (IA09), 
including two samples collected from pipe scale.  The sample results for selected constituents are discussed 
below.  In summary, IA09-SD0010, a storm water sewer manhole located near the southeast corner of 
Building G-1, continues to demonstrate high concentrations of total uranium and thorium-230, consistent 
with sample results from the first two phases.  Although concentrations above background were measured at 
other locations, none were nearly as high as at IA09-SD0010, indicating possible surface water runoff or 
groundwater infiltration impacts at this location from Building G-1.  This contamination could also be 
derived from the historical raffinate disposal as discussed in Section 3.1.3.  Total uranium results decrease in 
samples collected from the other manholes in this sewer line as it moves toward the Cuyahoga River. 
 
Sediment samples were collected at the three available manhole access points along the main north-south 
sanitary sewer line.  The upstream sample location (IA09-SD0101) shows the highest value for total uranium 
in sediment (13.51 pCi/g) within the sanitary sewer line.  A decrease is noted in total uranium results at the 
two downstream locations (IA09-SD0011 and IA09-SD0102). The contamination in the sewer line is likely 
associated with infiltration of groundwater impacted by Building G-1.  This conclusion is supported by 
documented evidence the sanitary sewer line is also impacted by non-MED/AEC related chemical 
constituents in groundwater in this portion of the site.  The pipe scale collected from IA09-SD0011 contained 
higher levels of radionuclides than the sediment sample obtained from this location, suggesting some 
contamination may be fixed to the sewer line. 
 
No elevated radionuclide results were measured in the sediment sample collected from the sump/settling tank 
in IA05 (IA09-SD0106).  Small cylindrical pellets (approximately 1/8 inch diameter) were present in the 
sediment, and XRF results for these pellets indicated high levels of nickel and zinc.  Two pipes were visible 
in the sump/tank – one apparently connected to a similar adjacent structure, and the other’s destination is 
unknown.  Photographs of the IA05 sump and pellets are included in the field photographs. 
 
Total Uranium 
 
The maximum result for total uranium in IA09 sediment is 485.20 pCi/g at IA09-SD0010, which is located 
near the southeast corner of Building G-1.  This result is higher than any other results in IA09 and is 
consistent with results from a sample collected from this location during Phase I and II (396 pCi/g).   The 
elevated result at this location is likely a result of the manhole’s proximity to Building G-1.  Total uranium 
contamination in this manhole may have been transported and deposited by surface runoff and/or 
groundwater infiltration in the vicinity of Building G-1.  This contamination could also be derived from the 
historical raffinate disposal as discussed in Section 3.1.3. 

Former Harshaw Chemical Site Page 6-50 
Remedial Investigation Report 
Revision 1  
December 2009 



 

Total uranium results from the two pipe scale samples collected at IA09-SD0011 and IA09-SD0012 were 
8.85 pCi/g and 16.42 pCi/g, respectively, which are both above background.  One additional sample had 
results above background (9.36 pCi/g at IA09-SD0012). 
 
Thorium-230 
 
Thorium-230 results in IA09 were high compared to the other locations at IA09-SD0010 (17 pCi/g).  This 
corresponds to the maximum total uranium concentration in IA09, and is higher than the thorium-230 result 
from the sample collected from this location during Phase I and II of the RI (1.34 pCi/g).  Results are 
presented in Table 6-40. 
 
Radium-226/228 
 
The maximum result for radium-226 occurred at IA09-SD0010 (1.67 pCi/g), which corresponds to the 
highest results of total uranium and thorium-230.  The maximum radium-228 result (2.24 pCi/g) was 
measured in the pipe scale sample collected at IA09-SD0011.  Results are presented in Table 6-40. 
 
6.5.2.4   Sanitary Sewer Line  
 
In Phase III, a portion of the sanitary sewer line that traverses IA03 and IA04 was exposed through trenching 
in IA03 (location SAN-TR1).   Four samples were collected from the material surrounding the sanitary sewer 
line.  Sample results from the soil surrounding the sanitary sewer line do not indicate high levels of 
contamination due to the placement of contaminated backfill.  The poor stability of the trench walls during 
excavation did not allow for the trench to be extended below the bottom of the concrete sewer line 
encasement.  Photographs of the sanitary sewer trench and sampling locations are included in the field 
photographs. 
 
Total uranium was below the RI screening level of 30 pCi/g in all the samples.  The maximum value for total 
uranium was 3.39 pCi/g, from 7.5-8 ft bgs.  Thorium-230, radium-226, and radium-228 exceeded 
background levels in this sample (2.25 pCi/g, 1.52 pCi/g, and 1.31 pCi/g, respectively).  G-M screenings in 
the field detected no radioactivity above background. 
 
6.5.2.5   Storm Sewer Junction  
 
In Phase III, two samples were collected from the soil and backfill material surrounding the storm sewer 
junction southeast of Building G-1 (location STM-TR1). 
 
One of the two samples contained total uranium above the RI screening level of 30 pCi/g and thorium-230, 
and radium-226 above the most conservative background values used in the original RIR.  The sample was 
collected from the saturated silt/clay material beneath the concrete pipe cradle (at 6 ft bgs).  This sample 
contained 72.71 pCi/g of total uranium, 15.80 pCi/g of thorium-230, and 1.33 pCi/g of radium-226.  G-M 
screening in the field detected radioactivity in this material above background.  Cesium-137 was measured at 
373 pCi/g in this sample, which is significantly higher than all other RI results for cesium-137 (less than 10 
pCi/g).  Photographs of the storm sewer trench and sample locations are included in the field photographs. 
 
Results for the deep sample suggest potential impact from the sewer line (i.e., through leaking) to the 
underlying soil or the use of contaminated backfill material during sewer line installation.  The shallow 
sample collected from the backfill material above the sewer line contained total uranium below the screening 
level, indicating this portion of the backfill was not contaminated when it was placed over the pipe. 
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6.6   GROUNDWATER CHARACTERIZATION RESULTS 
 
The following sections discuss the results of the characterization of groundwater (IA10).  For in-depth 
analysis of groundwater transportation see Section 7 Numerical Groundwater Flow and Transport Modeling. 
 
6.6.1  Existing Monitoring Well Evaluation 
 
Existing pre-RI groundwater monitoring wells were located and inspected during the NIFW phase of the RI.  
The existing pre-RI well evaluation included the following: 
 
• Verification of the monitoring well locations; 
• Visual inspection of existing monitoring well and protective casing conditions; 
• Measurements of well total depth and water level; and 
• Review of available monitoring well construction documentation. 
 
Twenty-seven of the 55 wells identified in historical documents were able to be located and identified.  Three 
PVC piezometers were also found in IA07.  Table 6-43 presents a summary of the monitoring well 
evaluation task. 
 
Notable conditions observed during the well evaluation included damaged protective casings, missing well 
caps, and dedicated bailers stored in the well casing (from previous investigations).  Possible damaged 
subsurface inner riser casings were noted at DM-1, DM-27R, and RMW-39. 
 
6.6.2  Monitoring Well Installation 
 
Four on-site and five off-site (background) permanent monitoring wells were installed during Phase I of the 
RI (Table 2-5).  The on-site wells are located in IA03 and IA04 (Figure 2-9).  After installation, the wells 
were developed to ensure representative samples could be collected (Section 3.7.2).  During development, 
the wells produced an average of two gallons per minute.  Well IA10-MW0003 produced the least amount of 
water (less than 2 gallons before drying), and IA10-MW0001 produced the most water (approximately 5 
gallons per minute, sustained).  The newly installed monitoring wells were sampled during Phase I and Phase 
II of the RI, and results are discussed in Sections 6.2.3 (background wells) and 6.6.7 (on-site wells).  
 
6.6.3  Temporary Well Point Installation 
 
A total of 13 temporary well points were installed in IA03, IA04, and IA05 during Phase I of the RI.  The 
temporary well points were installed to provide additional data collection points for water level 
measurements and to determine the extent of groundwater contamination identified by the initial screening-
level sampling of existing pre-RI site wells.  The temporary well points were designed to provide screening-
level analytical results and water level information.  Results of the water level measurements and 
groundwater sampling are provided in Sections 6.6.5 and 6.6.7, respectively. 
 
6.6.4  Temporary Piezometer Installation 
 
Temporary piezometers were installed during Phase II of the RI to provide data for determining river and 
creek flow influence from water level measurements, and for collection of groundwater samples for 
radiological COIs.  A total of six temporary piezometers were installed in IA03 and IA04 as described in 
Section 3.7.3.4 of this RIR.   
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Geotechnical soil samples were collected from temporary piezometer soil borings.  The results of 
geotechnical soil sampling are discussed in Section 6.1.6.  Groundwater collected from temporary 
piezometers was analyzed for geochemical parameters.  Geochemical sampling results are discussed in 
Section 6.1.5. 
 
As discussed in Section 3.7.3.4, during the installation of temporary piezometer IA04-TP0002, safety and 
health field screening activities detected potential methane gas emissions from the piezometer soil boring.  
After completion of the piezometer installation, an air sample was collected for off-site laboratory analysis to 
confirm the nature of the gas being emitted.  Appendix 1D presents the analytical results for the air sample 
collected from IA04-TP0002.  These results confirmed the presence of methane gas emissions at this 
piezometer. 
 
6.6.5  Groundwater Level Measurements 
 
Static groundwater level measurements were collected during Phase I, Phase II, and Phase III of the RI from 
existing site wells, as well as from newly installed site monitoring wells, background wells, temporary 
piezometers, and temporary well points.  A total of eleven synoptic measurement events occurred throughout 
the RI, as discussed in Section 3.7.3.6 of this RIR.  Table 6-44 presents the results of all measurement events 
conducted during the RI. 
 
Recorded groundwater level measurements show a range of groundwater surface elevations with a minimum 
of 568.68 ft amsl (BKA-51 in June 2003) and a maximum of 595 ft amsl (IA04-TP0001 May 2003).  The 
following wells consistently had the highest measured water levels in each event: 
 
• DM-3; 
• IA03-TW0001; 
• IA03-TW0005; and 
• IA03-TW0006. 
 
All of the above wells average over 590 ft amsl and are located on or proximate to the subsurface bedrock 
ridge under the site.  Groundwater appears to accumulate in the vicinity of this topographic bedrock high.  
Two of the five measurement events with the highest average groundwater surface measurements occurred in 
late spring (May 2004 and May 2005). 
 
Groundwater level data were used to provide information on groundwater flow patterns in support of 
contaminant fate and transport and groundwater modeling efforts. 
 
Potentiometric maps (Figures 6-36 and 6-37) were developed using data from water level measurement 
events in May and August 2004, respectively, and show groundwater flow in the primary unconsolidated 
material aquifer to be generally from west to east across the site.  Groundwater discharge to Big Creek and 
the Cuyahoga River is implicit, although no field discharge data were collected during the RI to verify this 
condition.  The bedrock high, discovered during RI intrusive activities west of Buildings G-1 and the Boiler 
House, appears to create a groundwater flow divergence around the bedrock feature, causing a groundwater 
mound to form above it.  Potentiometric surface elevations suggest groundwater flows away from the 
bedrock high in all directions, with limited flow toward the western, or up-gradient, portion of the site.  This 
radial flow eventually begins to follow the dominant eastern gradients toward the Cuyahoga River and Big 
Creek. 
 
A distinct relationship appears to exist between surface water levels in the Cuyahoga River and Big Creek 
and groundwater levels/flow across the site.  Seasonal water levels varied an average of 6.97 ft across the 
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site.  Fluctuation of groundwater levels due to seasonal changes is generally highest during middle to late 
Spring, and lowest during mid Summer to early Fall.   
 
Water levels collected during the August 24, 2004 measurement event (Table 6-44) were comparatively low 
in contrast to other measurement events.  Figure 6-38 presents graphical data from USGS stream gauge 
#04208000 located on the Cuyahoga River in Independence, Ohio upstream of the Former Harshaw 
Chemical Site.  This gauging station is the nearest to the site and provides daily mean streamflow 
measurements throughout the period of the RI up through September 2004.  Figure 6-38 also shows the 
individual RI water level measurement events as vertical lines on the graph for all events occurring within 
the period of record for the gauging station.  The August 24, 2004 measurement event represents typical 
groundwater flow conditions at the site and coincides with baseflow conditions in the Cuyahoga River.  Field 
Photograph 1 depicts baseflow conditions of the Cuyahoga River (adjacent to IA05).   
 
Figure 6-37 presents a potentiometric map based on water level data collected during the August 2004 
measurement event during near-baseflow conditions in the Cuyahoga River.  A groundwater flow divide 
appears to exist in the main production area of the site (IA03 and IA04) between two groundwater highs 
(near the eastern edge of Building G-1 and southwest of the Boiler House).  This divide is proximate to, and 
slightly east of, the existing bedrock ridge beneath the site.  In the near-baseflow conditions seen on Figure 
6-37, groundwater across the main portion of the site flows eastward from the divide toward the Cuyahoga 
River.  Groundwater west of the divide flows generally west along a noticeably less steep gradient than that 
east of the divide.  In IA05 during baseflow conditions, groundwater appears to flow westward toward Big 
Creek.  This flow direction may be a result of the IA’s location at the Big Creek/Cuyahoga River confluence, 
where surface water elevations in the river may be above those in the creek.  This surface water elevation 
difference on both sides of the IA05 land peninsula appears to direct groundwater flow within the IA. 
 
Table 6-44 shows significantly higher water level elevations in both on-site and background wells during the 
May 23, 2004 water level measurement event and reflects a period of increased precipitation.  The May 2004 
precipitation event is evident on the graphical presentation of stream flow in Figure 6-36 and coincides with 
the May 23, 2004 RI water level measurement event shown in Table 6-44.  These May 2004 data are 
representative of river conditions in flood stage.   
 
Figure 6-36 presents a potentiometric map based on water level data collected during the May 2004 
measurement event during near-flood stage conditions in the Cuyahoga River.  Groundwater surface 
elevations on-site along the Cuyahoga River are approximately 10 ft higher than seen during near-baseflow 
conditions in Figure 6-38.  During flood stage, two significant differences are apparent in groundwater flow 
directions at the site.  In IA05, groundwater flow direction reverses, flowing eastward to the river.  Flood 
stage flow in the Cuyahoga River would cause surface water levels in Big Creek to rise near its confluence 
with the river.  This elevation differential between the creek and river appears to cause groundwater here to 
flow toward the Cuyahoga River.   
 
A second significant impact of flood stage flow in the Cuyahoga River is seen in IA04 along the west bank 
of the river.  This area is associated with historical fill emplacement activities and elevated levels of total 
uranium in both surface and total soil as discussed in detail in Section 6.5.2.  Though normal baseflow 
conditions show this area to conform with the general west to east flow of groundwater across the main 
portions of the site, this flow direction is reversed during flood stage flow conditions.  Surface water flow in 
the river appears to infiltrate into these fill materials, which may have a significantly higher porosity than the 
surrounding native material.  The groundwater flow reversal is not seen south of this area (in IA04 along the 
Cuyahoga River).  The continued west-to-east flow of groundwater here suggests the site soil along the river 
bank in this portion of the site is composed of lower porosity native material.  The bank storage events are 
dependent on the longevity of the elevated river/creek elevations, and normal baseflow conditions likely are 
restored soon after the recession of the surface water elevations. 
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6.6.6  Slug Testing 
 
Slug testing was conducted on existing site wells during Phase I of the RI.  Slug tests were conducted again 
on existing site wells during Phase II of the RI as well as on newly installed background wells and on-site 
temporary piezometers.  A total of 12 wells were slug tested during Phase I and II, as discussed in Section 
3.7.3.7.  Table 6-45 presents the results of all slug tests performed during the RI. 
 
Results of the slug testing produced hydraulic conductivity values for the screened interval material ranging 
from 0.13 ft/day (well DM-4) to a maximum of 151.9 ft/day (well DM-30R).  The following eight wells 
yielded hydraulic conductivity results greater than 10 ft/day: 
 
• BKA-48; 
• DM-22R; 
• DM-23R; 
• DM-25R; 
• DM-27R; 
• DM-29R; 
• DM-30R; and 
• BKG-MW0001. 
 
Of those eight wells with highly conductive screened interval material, five were screened at depth intervals 
greater than 20 ft.  All but one of these eight wells is located in close proximity to the banks of the Cuyahoga 
River and/or Big Creek, and DM-30 is associated with the historical fill emplacement activities discussed in 
Section 6.5.2.2.  Fill material adjacent to the river and creek appears to be more permeable relative to native 
site soil as noted in Section 6.2.3, based on the results of RI groundwater level measurements. 
 
Slug test data were used in support of contaminant fate and transport/groundwater modeling, as well as to 
determine the effectiveness of well re-development activities when compared to available historical slug test 
data. 
 
6.6.7  Groundwater Sampling 
 
The following section presents the results of groundwater media sampling activities conducted during the RI 
in support of Project Objectives 1 and 4 for targeted radiological and chemical constituents in IA10 
(Groundwater north of Big Creek, West of Cuyahoga River).   
 
A total of 90 groundwater samples were collected from IA10 as described in Section 3.7 of this RIR.  Both 
dissolved (filtered) and total samples were collected; however, only the total results are presented in this 
section and evaluated in the BRA.  Tables 6-46, 6-47, and 6-48 present the analytical statistical results for all 
COIs and Significant COPCs, in IA10.   
 
COIs 
 
Molybdenum and kerosene (TPH-DRO) were detected in IA10 groundwater samples, but were not identified 
as Significant COPCs.  Maximum detected levels molybdenum and kerosene (TPH-DRO) in IA10 
groundwater samples in both Phase I and II are 75.80 ug/L, and 1.20 ug/L, respectively (Table 6-46).  Two 
radiological constituents (thorium-232 and thorium-228) were also detected in IA10 groundwater samples, 
but were not identified as Significant COPCs.  Maximum detected levels of thorium-232, and thorium-228 in 
IA10 groundwater 0.74 pCi/L, and 0.76 pCi/L, respectively.  Two recycled uranium daughters were detected 
in the Phase IV lab analyses.  The daughters, technetium-99 and neptunium-237, are not identified as 
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Significant COPCs.  The maximum detection for technetium-99 and neptunium-237 is 9.00 pCi/L and 0.019 
pCi/L, respectively. 
 
No apparent trends in spatial distribution results exist for IA10 COIs. 
 
Significant COPCs  
 
The following constituents were identified as Significant COPCs for IA10 groundwater: 
 
• Total uranium (chemical); 
• Lithium; and 
• Thorium-230. 
 
Tables 6-47 and 6-48 present the Significant COPCs results for groundwater.  Based on the data hierarchy 
(Table 8-1), the Phase IV groundwater samples were not included.  As described in detail in Section 8.2.1.3 
if a sample was analyzed by more than one method only one method was selected for use in the risk 
assessment.  This rationale was employed in order to provide data that best represents the actual site 
conditions.  For the Significant COPCs for on-site groundwater, total uranium and thorium-230, only Phase I 
and II methods were used in the risk assessment (Section 8).  Therefore, the section below only presents the 
results from Phase I and Phase II. 
 
As discussed in Section 4.3.3 the Phase IV uranium isotopes were analyzed by ICP-MS.  This included a 
total of fifteen locations and seventeen samples were selected for laboratory analysis.  These data are not 
used in the BRA; however, Table 6-49 presents the groundwater results of this analysis.  The parameters 
analyzed are uranium-233, uranium-234, uranium-235, uranium-236, and uranium-238.  The maximum value 
groundwater samples are 0.05, 4.3, 445, 2.3, 84,400 µg/L, respectively. 
 
Total Uranium (Chemical) 
 
The maximum result for total uranium (chemical) in Phase I and Phase II IA10 groundwater samples are 
4,130 ug/L (IA03-TW0005) and 184,000 ug/L (IA03-TW0006), respectively (Tables 6-47 and 6-48).  Figure 
6-39 presents the results for total uranium (for both phases) at each groundwater sample location.  The 
maximum results for Phase I and Phase II IA10 samples are both associated with temporary well points 
installed through the Building G-1 floor.  IA03-TW0006 was not able to be sampled during Phase I of the RI 
due to low water levels, but was sampled in Phase II and showed the highest site-wide total uranium results.  
The location of these wells within the main production building of the former facility suggests total uranium 
occurs in temporary well points as a result of their proximity to the building and historical processing of 
uranium feed material. 
 
Samples from 10 of the 45 wells sampled in Phase I had total uranium (chemical) results above the site-
specific background value of 6.84 ug/L.  Samples at five of the wells detected uranium above the 30 ug/L 
screening level used during field intrusive sampling activities. 
 
Samples from 9 of the 31 wells sampled in Phase II had total uranium (chemical) results above the site-
specific background value.  Samples from five of the wells were above the screening level.  Three wells 
exceeded the screening level during both Phase I and Phase II: BKA-48, RMW-38, and IA03-TW0005. 
 
Above-screening level chemical total uranium results in IA10 groundwater (Phase I and II) appear to be 
concentrated both inside of and around Building G-1.  Total uranium (chemical) results above the 30 ug/L 
screening level shown on Figure 6-39 is present at these locations as a result of their proximity to the former 
main production building of the facility.  Source material processed in this building allowed for the 
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transmission of the total uranium source into soil beneath and around Building G-1.  The subsurface bedrock 
ridge in this area allows for transport of these constituents to down-gradient areas of the site.  Levels of total 
uranium in groundwater decrease significantly with increased distance from Building G-1, with the exception 
of well DM-27R.  Samples collected at this location in Phase I and II showed total uranium levels of 23.3 
ug/L and 40.5 ug/L, respectively.  Although not significantly above the screening level, the Phase II sample 
result does suggest total uranium (chemical) is present at this location distant from the assumed Building G-1 
source.  Soil boring log records for this well location show gypsum fill material to depths of approximately 
20 ft bgs, indicating potentially contaminated fill near this area may be responsible for the elevated total 
uranium in groundwater results.  The nearby storm water outfall line leading from the G-1 production area is 
proximate to this well location.  Although this condition has not been fully characterized, it may potentially 
facilitate groundwater contamination in this area.  From previous experience at DuPont Chambers Works 
Site in Salem County, New Jearsey, it is known that gypsum is a byproduct of fluorspar refining.  As noted 
in Section 2.2.1.3, fluorspar refining occurred before and after MED/AEC contracts and therefore this 
gypsum fill material may not be MED/AEC related. 
 
Lithium 
 
Lithium was not part of the Phase II sampling; the following data are from Phase I only.  A total of 22 wells 
were sampled for lithium in Phase I.  Over sixty percent of the samples exceeded the background value of 
34.2 µg/L (Table 6-47).  The maximum result for lithium in groundwater is 451 µg/L (DM14).  Figure 6-40 
presents the lithium results for background monitoring wells as well as each groundwater sample location.  
The maximum result for lithium is not collocated with background exceedance for uranium but is collocated 
with the maximum Phase I thorium-230 result.  The second highest result (210 µg/L at IA04-TW0004) is 
collocated with total uranium and thorium-230 background exceedances. 
 
Thorium-230 
 
The maximum results for thorium-230 in Phase I and Phase II IA10 groundwater samples presented in 
Tables 6-47 and 6-48 are 0.94 pCi/L (ERM-47) and 17,400 pCi/L (IA03-TW0006), respectively.  Figure 6-
41 presents thorium-230 results for both phases at each groundwater sample location.  The maximum result 
at IA03-TW0006 is collocated with total uranium exceedances discussed above at the temporary well point 
installed through the Building G-1 floor in the northeastern portion of the building.  Thorium-230 appears to 
occur at this location for the same reasons that total uranium does, and is discussed above. 
 
Sample results from 12 of the 14 wells sampled for thorium-230 during Phase I were reported as non-detect 
by the analytical laboratory.  However, due to the 0.0 pCi/L background value established for thorium-230, 
all results were reported at non-detect levels above background.  No screening level was defined for use 
during field intrusive activities for thorium-230. 
 
A total of 29 groundwater wells were sampled for thorium-230 during Phase II, with samples from 23 of 
these wells reported as non-detects by the analytical laboratory.  All non-detects, however, were reported at 
levels above the 0.0 pCi/L background value.   
 
Due to the set background value for thorium-230 at 0.0 pCi/L, and the low number of samples with 
detectable results, no apparent spatial distribution of thorium-230 in IA10 groundwater can be seen at the 
site. 
 
6.7   INVESTIGATION-DERIVED WASTE 
 
The following sections discuss the management, characterization, disposal, and status of all IDW generated 
during the RI. 
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6.7.1  Disposal Characterization Summary 
 
RI-generated waste samples (solid and liquid IDW) were collected to characterize the wastes and identify 
disposal options.  A total of nine solid and three liquid IDW samples were collected and analyzed for waste 
characterization parameters.  Tables 6-50 and 6-51 present the analytical results for all soil and water IDW 
samples collected during the RI, respectively. 
 
Results of IDW sampling for Phase I RI-generated IDW were used to characterize waste streams (designated 
as WS) for disposal of all RI-generated IDW at selected waste facilities.  Process/site knowledge, along with 
IDW sample results, allowed for characterization of RI IDW into the waste streams (WS-1 through WS-7) as 
detailed in the IDW Characterization and Disposal Plan (SAIC 2007a) and shown in Table 3-11. 
 
Table 3-11 shows the waste streams used to segregate or combine RI IDW into disposal groups for final 
disposition at selected disposal facilities, and the composite groups (CG) used for determining IDW sample 
collection activities. 
 
6.7.2  Disposal Summary 
 
All liquid IDW meeting disposal facility requirements was transported off-site to Clean Harbors 
Environmental Services, Massachusetts.  A total of 158 drums containing liquid IDW generated during Phase 
I was shipped off-site for disposal on May 25, 2004.  An additional 32 Phase II liquid IDW drums were 
shipped off-site for disposal on December 16, 2004, with the exception of four drums which exceeded 
disposal requirements for total uranium.  These drums were shipped to EnergySolutions in Clive, Utah on 
April 24, 2008.   
 
All RI-generated solid IDW was shipped to EnergySolutions on April 24, 2008. 
 
 



 

7.   NUMERIC GROUNDWATER FLOW AND TRANSPORT MODELING 
 
7.1   INTRODUCTION 
 
A numerical groundwater flow, particle tracking, and solute transport model of IA03, IA04, IA05, and a 
portion of IA07 (Figure 7-1) was compiled by the USACE-Buffalo District to estimate near-term and future 
risks to groundwater from site contaminants.  The following section summarizes the construction and 
calibration of the 3-D steady-state numerical groundwater flow model and a transient-state contaminant-
transport model that was developed to evaluate time-dependent transport of MED/AEC-related COIs 
(primarily elemental or total uranium) in groundwater. 
  
The goals of this modeling effort include the following: 
 
• Improve the conceptual understanding of groundwater flow conditions at the site; 
• Simulate the current groundwater flow system at the Former Harshaw Chemical Site; 
• Identify areas of uncertainty in the groundwater assessment; 
• Develop a predictive tool to assess the contaminant movement under a variety of remedial scenarios; and 
• Support risk assessment efforts. 
 
The MED/AEC operational and processing records and environmental sampling indicate the site-related 
COIs including radium, thorium, uranium, lithium, molybdenum, and kerosene, which are by-products 
generated during uranium and thorium processing.  Contaminant nature and extent is detailed in Section 6.  
The BRA (Section 8) indicates uranium, thorium, and lithium are the groundwater risk drivers, and thus 
transport modeling is restricted to these COIs.  Early in this RI process, uranium was considered the most 
ubiquitous and mobile soil and groundwater contaminant collocated with other less mobile COIs (i.e., 
thorium), so only uranium fate was modeled as a conservative indicator to the fate of other less mobile COIs.  
However at press, provisional peer-reviewed threshold values (PPTV) released by the USEPA (see Section 
8) were evaluated against Harshaw-site lithium values in groundwater, which indicated that site groundwater 
concentrations exceed the subsistence farmer (adult) exposure limit of 61 µg/L, as discussed in Section 
7.2.12. 
 
The residential and industrial area that surrounds the Former Harshaw Chemical Site has been developed for 
over 100 years, and appears fully connected to public water supplies; the Ohio Department of Health (Ohio 
DoH) does not promote private well installation.  Section 6 shows that Building G-1 and nearby structures 
(past and present) are the main sources for environmental contamination.  Degraded asphalt and concrete 
foundations, commonly with sparse vegetation, indicate where the old buildings and operations once stood. 
 
The Former Harshaw Chemical Site property has a groundwater collection system operating to control the 
influx of nickel-contaminated groundwater to a north-south trending sanitary sewer line bisecting the 
property (Figure 3-20).  Anecdotal information from Engelhard personnel indicates the system pumps 
intermittently at an average rate of approximately 5 gpm to an on-site ion-exchange facility, although no 
well-specific pumping data are available. 
 
The CSM (Section 8.2.3.2) and contamination analysis (Section 6) were used as the basis to construct and 
calibrate a numerical groundwater flow and contaminant-transport model of the Former Harshaw Chemical 
Site and surrounding area. 
 
The model also provides a tool to estimate groundwater transport of site COIs (primarily elemental uranium) 
to publicly-accessible areas and to potential ecosystems receiving groundwater discharge from the site.  The 
model includes the Former Harshaw Chemical Site, nearby properties, and local surface water boundaries to 
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ensure groundwater migration routes and velocities of contaminants potentially leaving the Former Harshaw 
Chemical Site are evaluated. 
 
7.2   MODELS AND METHODS USED 
 
The following sections describe the computer model codes utilized to conduct groundwater flow, particle 
tracking, calibration, and the development of supporting input parameters. 
 
7.2.1  Groundwater Flow and Particle Tracking Models 
 
A mathematical model of groundwater and contaminant flow uses a set of governing equations that represent 
the physical processes that occur within a hydrogeologic system, along with equations that describe heads or 
flows along the boundaries of the model (Anderson and Woessner 1992).  The mathematical groundwater 
flow model used for the Former Harshaw Chemical Site is a finite-difference numerical model that can 
accommodate a solution that addresses both simple and complex assumptions of the physical world.  A 
numerical groundwater flow model can reduce the number of assumptions made in solving a complex flow 
problem, and can provide a more accurate and realistic simulation of a complex setting.  Therefore, 
numerical models are warranted where the complexities of an aquifer cannot be adequately accounted for by 
an analytical solution.  
 
The USGS three-dimensional (3-D), finite-difference model code, MODFLOW (McDonald and Harbaugh 
1988), was used to simulate steady-state groundwater flow at the Former Harshaw Chemical Site and the 
surrounding area.  This code was selected because it is well documented, very flexible, validated, and 
accepted as an industry standard for numerical groundwater flow modeling.  The model was used in 
conjunction with the Department of Defense (DoD’s) Groundwater Modeling System (GMS 5.1) developed 
by USACE- Engineer Research and Development Center (ERDC). 
 
The MODFLOW model is designed to simulate flow within a continuous porous medium (interconnected 
pore space) having equivalent and vertically integrated hydraulic properties in each cell.  Physical 
parameters, such as hydraulic conductivity, storage, porosity, and thickness are defined within each cell in a 
finite-difference model.  These parameter values are constant within each cell, and represent the average 
value for each parameter in the cell.  Each cell in the model may have a unique combination of parameter 
values, which enables incorporation of spatial variations in physical parameters. The greater the number of 
model grid cells used to simulate an aquifer, the greater the detail that can be included in the model. 
 
The HCC model was calibrated to observed hydraulic head values (calibration targets) with the support of an 
automated calibration tool available within the GMS package.  The groundwater parameter estimator and 
optimization model, Parameter Estimating Software Tool (PEST) (Doherty 2001), utilizes the Gauss-
Marquardt-Levenberg algorithm, and iterates through multiple groundwater flow solutions until it identifies 
the optimum or representative values or pre-selected parameter values that minimize the hydraulic head 
residuals in the model.  Limited manual calibration then was performed to “fine tune” the optimal values 
reached by PEST.  
 
The flow model then was used in particle-tracking analyses performed with MODPATH (Pollock 1994) and 
contaminant-transport modeling analyses performed with a modular 3-D transport for multi-species model 
(MT3DMS) (Zheng 1999); both are predictive analysis tools to support site interpretations and the FS 
alternative-analysis process. 
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7.2.2  Input Parameter Models 
 
The HELP model is typically used to compute estimates of water balances for municipal landfills, RCRA and 
CERCLA facilities, and other land disposal systems.  The model accepts weather, soil, and design data, and 
uses solution techniques that account for the effects of surface storage, snowmelt, frozen soil, runoff, 
infiltration, evapotranspiration, vegetative growth, soil moisture storage, lateral subsurface drainage, leachate 
recirculation, unsaturated vertical drainage, and leakage through soil, geomembrane, or composite liners.  
The HELP model was used to assist in the development of groundwater recharge estimates for various 
surface-cover and fill scenarios at the site, as discussed in Sections 7.2.9 and 7.2.10. 
 
SESOIL is a seasonal compartment model which simulates long-term pollutant fate and migration in the 
unsaturated soil zone. SESOIL describes the following components of a user-specified soil column which 
extends from the ground surface to the groundwater table: 
 
• Hydrologic cycle of the unsaturated soil zone; 
• Pollutant concentrations and masses in water, soil, and air phases; 
• Pollutant migration to groundwater; 
• Pollutant volatilization at the ground surface; and 
• Pollutant transport in washload due to surface runoff and erosion at the ground surface.  
 
SESOIL estimates all the above components on a monthly basis for up to 999 years of simulation time. 
SESOIL can be used to estimate the average concentrations in groundwater.  The soil column may be 
composed of up to four layers, each layer having different soil properties which affect the pollutant fate. In 
addition, each soil layer may be subdivided into a maximum of 10 sub layers in order to provide enhanced 
resolution of pollutant fate and migration in the soil column. The following pollutant fate processes are 
accounted for: Volatilization, Adsorption, Cation Exchange, Biodegradation, Hydrolysis and Complexation.  
The SESOIL results are discussed in Section 7.2.12. 
 
Visual MINTEQ is a Windows version of MINTEQA2 version 4.0, which was released by the USEPA in 
1999.  MINTEQA2 is a chemical equilibrium model for the calculation of metal speciation, solubility 
equilibria, and other parameters for natural waters including the following: 
 
• Ion speciation using equilibrium constants from the MINTEQA2 database. 
• Solubility calculations involving solid phases. 
• Adsorption calculations with adsorption isotherms and five surface complexation models (Diffuse Layer, 

Constant Capacitance, Triple Layer, Basic Stern and Three Plane). 
• Ion-exchange calculations using the Gaines-Thomas formalism. 
• Metal-humic complexation can be simulated using the Gaussian DOM, the Stockholm Humic Model, or 

the NICA-Donnan model. 
• Calculations with redox couples and gases (e.g., CO2). 
• Sweep runs in which one parameter is varied, (e.g., pH, or the total concentration of a component). 
• Titrations in which a titrant with a given composition is added in steps to the original solution. 
 
MINTEQA2 results are discussed in Section 7.2.12 and support the hydrogeochemical observations at the 
Former Harshaw Chemical Site (i.e., contaminant distributions). 
 
7.2.3  Data for Model Development 
 
The numerical model for the Former Harshaw Chemical Site provides a qualitative and quantitative 
representation of the groundwater flow system beneath the site.  The assignment of the model layers consists 
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of defining layer top and bottom elevations, minimum layer thickness, hydraulic parameters for each layer, 
and potentiometric surfaces for each layer. Development of the water budget consists of identifying the 
sources and sinks for the flow system, and the approximate volume of water entering or leaving the model 
area at these locations. Boundary conditions for the numerical model are developed from the groundwater 
flow patterns, and from water budget estimates derived from HELP model simulations. 
 
The numerical model domain includes the Former Harshaw Chemical Site vicinity with the subsurface 
boundaries bracketed by surface topography, and based on an assumed 5 ft thick weathered zone in the basal 
shale.  Lateral boundaries of the model were selected based upon three observed and assumed boundaries:  1) 
general-head influx boundary along the base of the western uplands, 2) specified constant-head boundaries 
parallel to flow along the extreme north and southwest model borders, and 3) river boundaries for Big Creek 
and the Cuyahoga River.  The limited use of specified-head boundaries in border areas were allowed to 
maintain the conceptual flow field; because no data are available to characterize the flow from the low 
hydraulic conductivity bedrock, inflow from the shale at the base of the western upland was simulated by 
using a general-head boundary to provide a head-driven flux. These boundary elements are presented in 
Figure 7-3. 
 
Information collected during Phase I and II of the RI, previous investigations, and a literature review of 
similar hydrogeologic settings presented in the RI include the following: 
 
• A network of monitoring wells and piezometers (Figure 2-9) were used to define groundwater flow 

conditions from periodic water level measurements collected between August 2003 and May 2005; 
• Lithologic logs from boreholes advanced during historical and recent soil sampling and monitoring well 

installation defined hydrostratigraphy (Appendix 1B); 
• Single-well aquifer tests (or slug tests) to determine hydraulic parameters of the geologic units (Table 6-

45); 
• Groundwater contamination data that indicates the potential pathways for COI migration and likely 

future flow pathways; and 
• Data gaps (model input) were filled with literature values where possible. 
 
The topographic surface forms the upper boundary of the subsurface model, and declines in elevation from 
approximately 610 ft near the western uplands to 574 ft along the edge of the Cuyahoga River (Figure 7-4).  
This easterly dipping slope across the numerical model area is shallower on the Former Harshaw Chemical 
Site property, where the industrial plateau varies from 594 to 590 ft, and is disconnected from the floodplain.  
North of the Former Harshaw Chemical Site, and beyond model boundaries, topographic elevations decrease 
towards Lake Erie and the City of Cleveland.  
 
Hydraulic heads at the Former Harshaw Chemical Site were not observed to vary significantly at different 
depths, and water quality parameters were generally similar across the site (Table 6-14).  The range of head 
elevations from site wells (highest to lowest elevations) varies from 18.4 to 23.4 ft, with a site-wide average 
difference of 20.0 ft; the elevations from the May 2005 calibration dataset range 19.4 ft (573.06 – 592.74 ft).  
Two locations in the model domain show anomalous conditions:  1) the sharp decline in bedrock topography 
east of Building G-1 (and associated overburden thickening) creates groundwater gradients higher than the 
overall site norm; and 2) groundwater below Building G-1 is geochemically different than most site areas 
due to low pH and Eh (redox) conditions derived from the adjacent nickel-processing corridor.  In addition, 
hydraulic conductivity varies up to 2 orders of magnitude, and was held at deterministic values during model 
calibration. 
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7.2.4  Hydrostratigraphy 
 
The physical framework for this hydrogeologic site model was defined using 3-D data provided by the SAIC 
Team, as rendered from 2-D geologic data based on boring log information.  This model illustrated the 
relationships between the geologic units and water-level elevations that together defined the 
hydrostratigraphy and numerical model layers. 
  
As discussed in Section 2.3, the geologic units of interest at the Former Harshaw Chemical Site consist of the 
unconsolidated anthropogenic fill layers, remnant top-soil zones, the poorly sorted and variably textured 
(fine- to coarse-grained) floodplain and fluvial deposits (or alluvium), and a thin weathered zone in the basal 
Ohio Shale. 
 
These site-specific hydrostratigraphic units were simplified in the numerical model into a primary 
overburden layer consisting of the upper unconsolidated fills, floodplain sediments, and alluvium, as layer 
one, and a second layer representing a weathered shale zone.  The primary groundwater bearing zone is the 
overburden layer (fill and alluvium) present above bedrock. 
 
7.2.5  Overburden Layer 
 
The combined overburden on the Former Harshaw Chemical Site varies from less than 5 ft thick to nearly 40 
ft thick, being thinnest over the bedrock high below the Building G-1 and Boiler House buildings, and 
thickest near the Cuyahoga River bank, where fill was used to elevate the ground level above the natural 
floodplain.  Section 2.3.2.2 describes the physical characteristics of site lithology. 
 
The fill units may be poorly drained in places, although infiltration appears good to moderate because of the 
generally level land surface and a stormwater management system that does not include all areas of the site.  
The upper-most fill commonly exhibits site-related contamination that can leach into and through the 
underlying fine-grained fill, and into the water-bearing alluvium.  This contaminant leaching will reach the 
alluvium more easily where the fine-grained fill is thin or absent. 
 
The leaching condition was quantified using both the HELP and SESOIL models discussed in Section 7.2.2.  
These models estimated the annual average infiltration to groundwater ranges from 5.5 to 31.4 inches per 
year, depending on land cover.  The MODFLOW-PEST model used this range to bracket the values at 115 
pilot points that correspond to (or placed within) land-cover types and local geology.  The calibrated 
distribution detailed in Section 7.2.7.4 averaged 9.84 inches per year, with a geometric mean of 4.41 inches 
per year.  This recharge provides the transport mechanism for site COIs to leach from surface and subsurface 
soils above the water table into the underlying water-bearing zone.  The primary COI leaching to 
groundwater is elemental uranium. 
 
The variably textured alluvium that underlies the fill is a water-bearing zone ranging from 1 to 28 ft in 
thickness on the Former Harshaw Chemical Site, and up to 66 ft in off-site areas based on extrapolated trends 
to the north beyond the Chemical Solvent, Inc. property.  These fluvial and floodplain sediments contain 
varying percentages of clay, silt, fine to medium sand, and fine to medium gravel, although more gravelly 
deposits have been found at the site.  The unit is indicative of riverine deposits buried under fill placed for 
industrial development.  
 
The natural alluvium varies in silt and clay content, and can contain up to 80% fines, which is not unusual for 
floodplain sediments adjacent to coarse-grained fluvial (channel) deposits.  The color ranges from dark olive 
brown to dark gray and geotechnical analyses classified most soil samples as silty clay (ML to CL) or 
gravelly sand (SP to SM) with clayey gravel (GC). The location and elevation of these deposits are indicative 
of channel and floodplain depositional environs. 
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The fill layers were simplified and combined with the alluvial layer in the flow model because the variably 
textured fill still promotes unconfined (water-table) flow where saturated above the fill contact with the 
alluvial water-bearing zone.  This unconfined condition may exhibit areas of seasonally driven partial 
confinement, especially upgradient of Building G-1, although the predominant site condition is unconfined. 
 
An isopach map showing the combined thickness of the overburden is presented in Figure 7-5.  The fill 
thickens in the eastern half of the model area near the Cuyahoga River banks, where large volumes of fill 
were placed on natural banks to grade the site property.  These areas also correspond with the lowest bedrock 
elevation on-site.  The overburden is thinnest above the bedrock high near Building G-1, where fill 
dominates the overburden thickness. 
 
No direct evidence from drilling was available to confirm the presence of the alluvium in off-site areas, but it 
is assumed the alluvium continues along the trends shown in Figure 7-5.  To reduce the uncertainty 
associated with its off-site occurrence, the alluvium initially was assigned average hydrogeologic properties 
derived from site data, which were later altered within narrow field ranges during calibration.  The 
interpolated spatial trends show the overburden thickening to the north and east, and thinning slightly to the 
west, as would be expected on upland floodplains that transition towards glacial lake plains underlain by 
erodable shales (see Figure 7-5). 
 
The alluvium is not used as a drinking or operational water source at the site, nor as a water source for 
Cleveland, Ohio, which obtains metropolitan water from Lake Erie.  The groundwater underlying the Former 
Harshaw Chemical Site eventually discharges to the Cuyahoga River. 
 
7.2.6  Bedrock 
 
The uppermost bedrock at the site is the Chagrin Member of the Ohio Shale – a fissile and fine-textured, 
bluish gray, and poorly fossiliferous Upper Devonian formation.  The low hydraulic conductivity values 
from bedrock well RWM-38 (5.0E-05 to 6.0E-05 centimeters per second [cm/s]) does not indicate that 
secondary features (joints, fractures, and faults) are promoting preferential flowpaths or transport pathways 
relative to the overlying fluvial sediments.  The Ohio Shale is an example of bedrock that normally exhibits 
dense, small-scale (short lengths), tight (small aperture) fracturing that creates moderate to low porosity and 
low bulk permeability, and thereby does not promote significant transport (see Section 7.2.7.3).  The 
bedrock-surface topography ranges between 558 and 588 ft at the FUSRAP facility, generally declining from 
west to east towards the Cuyahoga River (Figure 7-6). 
 
The Building G-1 and Boiler House buildings sit atop a topographic high in bedrock, where elevations range 
from 576 to 588 ft based on Geoprobe soil borings installed through the floor of Building G-1.  Piezometers 
screened in the thin overburden mantling this feature exhibit limited groundwater yields that indicate the low 
K value of the material.  Water levels measured in this area were higher than surrounding areas, suggesting 
groundwater is mounding below Building G-1 due to the bedrock high obstructing the regional flow net in 
the overburden. 
 
Water levels from site bedrock well RMW-38 generally agree with the proximal overlying alluvium data, 
indicating hydraulic connection and usability in flownet calculation, although yields are low since it is 
screened in the bedrock high.  A maximum total uranium value of 54.0 µg/L at RMW-38 generally agrees 
with other Building G-1 area overburden values that range from 11.6 to 453 µg/L, which together indicate 
bedrock flow is contributing to, but not enhancing, uranium transport.  Consequently, this fractured 
groundwater transport pathway was simulated as a 5-ft thick, porous equivalent water-bearing zone having 
generally low K values (1.0E-05 to 5.2E-04 cm/s). 
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The bedrock high below portions of IA03 abruptly declines to the east along a northeast-southwest trending 
structural feature created by past Cuyahoga River erosion.  Several geologic logs show this structure is 
mantled with transitional floodplain (low-K) sediments, and then coarser alluvium farther east, which may 
enhance the groundwater mounding under Building G-1 and Boiler House structures.  Section 2.3.2.2 of this 
RIR details the geologic setting underlying the Former Harshaw Chemical Site. 
 
Groundwater flow in the bedrock is assumed to be controlled by the flow boundaries in the alluvium, and 
thus was assigned as an active flow layer with no specific flow boundaries. 
 
7.2.7  Groundwater Flow System 
 
The following sections discuss the groundwater flow system at the Former Harshaw Chemical Site, and how 
it was represented in the groundwater model. 
 
7.2.7.1   Aquifer Type 
 
Groundwater at the Former Harshaw Chemical Site occurs in the unconsolidated fill and underlying alluvium 
consisting of fine-grained floodplain and coarse-grained fluvial sediments, and to a lesser extent in the 
underlying shale.  The upper two fill units consist of silty clays with shale gravel to poorly sorted sand and 
gravel with some silt and clay, which are indicative of floodplain deposits and alluvium that can produce 
“domestic consumption rates” of water (i.e., up to 3 gpm).  Groundwater occurs under the water table and 
potentially confined conditions in portions of the site where thicker fine-grained fill overlies alluvium, so the 
convertible (confined to unconfined) aquifer condition was chosen as the algorithm to simulate the 
overburden layer, especially since the fill units are coarser grained in some areas, and do not confine the 
alluvium throughout the entire site. 
 
Groundwater in the underlying shale was also assigned a convertible condition, since areas exist where the 
overlying units are thin (generally less than 10 ft thick) or absent.  The shale is a poorly yielding unit as 
evidenced by the low purging rates from well RMW-38 (<1 gpm). 
 
7.2.7.2   Water Levels 
 
A total of 57 monitoring wells and piezometers have been installed to various depths throughout the site, and 
on adjacent properties west of the site.  A total of 29 wells were installed prior to the RI efforts, and 28 were 
installed during the RI.  The location of each monitoring well and piezometer is shown in Figure 2-9 and 
respective installation data are presented in Table 6-44 and Appendix 1B.  Monitoring wells were completed 
in either the unconsolidated sediments or bedrock (commonly within the top 10 ft of the bedrock), whereas 
all piezometers were installed in unconsolidated sediments.  Only one bedrock well, RMW-38 still exists 
from pre-RI (non-USACE) studies. 
 
Table 7-1 lists the water level data collected periodically from June 2003 to May 2005 from all monitoring 
wells and piezometers available during each sounding period.  These data were used to construct the 
hydrographs shown in Appendix 3A and the May 2004 potentiometric map shown on Figure 6-36. 
 
The tabular and graphic data show that seasonal water-level variations range between 0.91 ft at well IA04-
TP0003 to 16.36 ft at well BKA-51, with a site-wide average range of 6.97 ft, and average standard deviation 
from individual well data of 2.50 ft.  Groundwater levels from the bedrock well generally agree with the 
potentiometric surface in the overburden. Consequently, the starting flow conditions in the bedrock are 
assumed coincident with the overburden layer. 
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The seasonal groundwater levels are generally highest during the middle to late Spring, and lowest during 
mid-Summer to early Fall.  The direction of groundwater flow in the unconsolidated material generally is 
from west to east across the FUSRAP facility.  Groundwater discharge to Big Creek and the Cuyahoga River 
is implied by flow patterns, although because no actual field discharge data were collected to verify this 
condition, baseflow to the surface water system is assumed in the model. 
 
Potentiometric data from May 3, 2005 appear to be a normal seasonal high-water condition that was then 
used as the calibration targets in the model.  This dataset was chosen since it contained measurements from 
all on-site wells and exhibited respectively higher gradients: 0.0098 ft/ft along the northern IA03 area, 0.013 
ft/ft through the central site, and 0.01 ft/ft in the IA04/IA05 area.  This condition represents a high transport 
potential for the groundwater system and flux to the adjacent river and creek, which then ensures that all 
potential transport pathways, even if just seasonally available during high-water periods, were accounted for 
in the model.  In addition, this period was not influenced by high surface-water conditions, since a receding 
trend was well established during the May measurements.  The USGS Independence, Ohio gauge on the 
Cuyahoga River recorded a daily mean of 1,840 cfs, which is a common post-rain (receding) discharge based 
on data in Figure 6-37. 
 
To assess the impact of the groundwater extraction system associated with the on-site sewer line, 
groundwater levels were taken on August 24, 2004, when the system was off-line, and on August 27, 2004, 
when the system was operational (see Table 7-2).  The observed zone of influence extended up to 125 ft to 
the west (upgradient), and up to 70 ft east (downgradient) of the line sink.  The average head differential of 
0.37 ft from 15 nearby wells is based on a range of 3.5 ft in DM-1 (located 5 ft from a pumping well) to 0.06 
ft in IA03-TW0003 (located about 75 ft away from the sewer line).  The soundings were taken three days 
apart during the dry season, during which a natural decline of 0.06 ft was likely (lowest drawdown value).  If 
DM-1 is removed from the dataset, the average drawdown becomes 0.14 ft, with a range of 0.06 to 0.25 ft.  
Since the system operates intermittently to dewater the sewer-line bedding and reduce nickel-contaminated 
groundwater seepage into the sewer line, only daily average pumping rates are available from the site 
owners; Engelhard personnel claim the system averages approximately 5 gpm in an unquantified operation 
cycle.  Consequently, the sewer line was modeled as a hydraulically conductive linear feature in the 
overburden layer with extraction wells simulated within the high-K line.  Modeled wells discharges were 
evaluated against the reported 5 gpm rate to ensure the PEST-derived solution did not overpredict flux to the 
sewer-line wells to meet observed head conditions during calibration. 
 
Potentiometric data also provide insight to local hydrologic behavior with respect to subsurface layers.  The 
fine-grained heterogeneous deposits are indicative of low-energy floodplain environments located west and 
north of Building G-1 and the Boiler House (above the bedrock high). Higher-K fluvial sediments in the 
eastern portion of the site indicate where high-energy channel deposits exist in a paleo-channel eroded into 
the bedrock.  The bedrock high and adjacent low-K overburden creates a groundwater flow divergence 
around the bedrock feature, and a groundwater mound above it.  Along the eastern edge of the bedrock high, 
where the bedrock declines nearly 22 ft in a 200 ft stretch, both the fill and alluvium generally follow the 
declining bedrock topography, individually thickening from 5 ft to nearly 25 ft towards the river.  The 
alluvium coarsens to the east along this decline.  Groundwater flows radially away from the bedrock high in 
all directions, with limited flow toward the west or upgradient.  Eventually the radial flow follows the 
dominant eastern gradients towards the river and creek. 
 
The geologic transition from the high bedrock area and lower paleo-riverbed area to the east exhibits organic 
floodplain deposits (relatively finer grained) that coarsen to sand and gravel environs.  The fine-grained areas 
exhibited methane off-gassing when breached during the installation of well IA04-TP-0002.  Finer-grained 
floodplain deposits and buried vegetation may trend north-south along the eastern flank of the bedrock high.  
These geologic data, along with other hydrogeologic and uranium sampling data, indicate a hydrogeologic 
break occurs east of the bedrock high, where lower well production rates and K values immediately east of 

Former Harshaw Chemical Site Page 7-8 
Remedial Investigation Report 
Revision 1  
December 2009 



 

Building G-1 transition into higher K units (Figure 7-7).  Where these fine-grained deposits adjacent to the 
bedrock high are capped by fine-grained fill, groundwater is slowed in the alluvial layer and increased 
contaminant sorption to soil is likely, as evidenced by the limited plume development downgradient (east) of 
Building G-1.  Figure 7-2 shows how the water levels throughout this area are affected by the bedrock 
topography and floodplain deposits within the alluvial layer.  Downgradient (east) of the bedrock feature, the 
alluvium thickens and coarsens, indicating a high-energy fluvial channel deposited these sediments. 
 
Off-site areas located north and southwest of the Former Harshaw Chemical Site within the model domain 
were assigned a general groundwater flow direction under uniform gradients from uplands in the west, to the 
surface water systems in the east (Figure 7-2).  This assumption appears valid, and supports the general 
valley fill aquifer trends.  Control points were placed in the model domain to ensure the desired distribution 
and gradient was achieved during the contouring of data in the GMS package, as well as during the PEST-
calculated calibration runs.  These ancillary off-site areas in the model introduce some uncertainty that is 
discussed in Section 7.2.10.4. 
 
7.2.7.3   Hydraulic Conductivity 
 
Single-well slug tests conducted on 23 monitoring wells produced hydraulic conductivity values that varied 
between 0.31 ft/day to 153.93 ft/day in the fill (n=4), between 0.03 ft/day to 85.04 ft/day in the alluvium 
(n=40), and between 0.14 ft/day and 0.17 ft/day in bedrock (n=2).  Table 6-45 summarizes the slug-test 
results and geologic material tested in each well.  As is typical with most sites, the hydraulic conductivities 
vary over several orders of magnitude due to the heterogeneity of site lithology.  Values in the shale are 
dependent on the degree of weathering and depth of screened interval.  For both the overburden and shale, 
the measured hydraulic conductivities are within the range of published literature values for these respective 
lithologies (Fetter 1988). 
 
Kriging was used to interpolate among measured K data at the site to create model input for the overburden 
water-bearing zone (i.e., the K data collected during the field program was kept fixed or held deterministic).  
The average conductivity from the field data were assigned to the alluvium in areas beyond the Former 
Harshaw Chemical Site, where no soil borings confirm the presence and characteristics of the alluvium.  The 
alluvium likely exists throughout the bedrock valley area as modeled. 
 
The bedrock was assigned uniform values in two areas using the PEST utility to optimize the representative 
values – the bedrock high was assigned a value of 0.03 ft/d, whereas the balance of the model domain 
assigned a value of 1.48 ft/d.  This discrepancy is likely caused by the more competent shale in the center of 
the bedrock high, which was previously lowered (excavated) to develop the property.  This center area would 
have contained less weathered shale that was exposed during site grading; such features normally would have 
lower K values.  The model-wide value of 1.48 ft/d, or 5.2E-04 cm/sec, indicates the representation of the 
weathered shale is generally coincident with the literature (Freeze & Cherry 1979). 
 
Figures 7-7 and 7-8 display the distributions of hydraulic conductivity in the overburden and bedrock layers, 
respectively.  These K values are considered laterally isotropic in each cell, or Kx = Ky.  The vertical 
conductivities (Kz) were set to 0.1Kx for the overburden and bedrock to account for the observed lithologic 
layering or bedding. Horizontal K values account for minor secondary porosity features (e.g., fractures, 
joints, bedding planes) that still produce low K values for the shale. 
 
7.2.7.4   Recharge 
 
Recharge to the water-bearing zone occurs from precipitation infiltrating through the surficial fill; poor 
stormwater drainage also promotes intermittent ponding that provides storage for delayed infiltration. 
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Recharge from upgradient sources also includes throughflow and surface-water flow from the western upland 
areas, which are included in the model.  Hydrographic data indicate that recharge to the alluvium 
predominately occurs during the months of December through May, with most occurring during April and 
May.  Shallow groundwater systems, such as at the Former Harshaw Chemical Site, usually show a 
correlation between groundwater levels and precipitation events, although such discrete data were not 
collected.  Higher recharge rates also may occur in areas where fine-grained fill is thin or absent.  The 
hydrographic trends show normal recharge periods characteristic to the temperate northeast.  Summer 
precipitation events are usually consumed by evapotranspiration and soil-moisture deficits, and thus an 
average annual recharge scenario was used in the model based on land-use cover and fill texture, with fill 
thickness being a secondary governor. 
 
Site-specific estimates of groundwater recharge rates were not determined through field investigations.  
However, estimates of areal groundwater recharge rates to the alluvium were estimated using the HELP 
model prior to model calibration efforts (Appendix 3A details the HELP modeling).  HELP simulations 
estimated recharge to the alluvium where:  1) fill was thin and exposed at the surface and 2) fill was thicker 
and covered with degraded concrete or asphalt.  For areas where competent concrete exists, the initial 
recharge value from the second scenario (thicker fill over degraded concrete or asphalt) initially was reduced 
by an order of magnitude in the model. 
 
The range of land-use-based recharge values estimated by HELP were input to the groundwater model by 
assigning an appropriate HELP value to 115 pilot points representing a fill-depth and land-cover type 
assigned using aerial photos and geologic maps.  The PEST module was allowed to vary the initial recharge 
value at these pilot points from 5.5 to 31.4 inches per year (i.e., the range of HELP results).  The PEST 
module would vary the values and create a contoured distribution using inverse distance weighting 
techniques, which then were tested in the model during calibration.  This iterative method eventually created 
a representative recharge distribution for the respective cover types and fill texture/thickness zones. 
 
The recharge range used by PEST from the HELP results (5.5 to 31.4 inches per year) produced a final 
average model-wide recharge value of 9.84 inches per year (4.41 inches per year geometric average) based 
on pilot point input (115 data points).  The equivalent data, when contoured within the model by an inverse 
distance weighted method, indicates a site-wide average recharge of 7.76 inches per year (with a geometric 
mean of 4.65 inches per year).  These two averages generally agree with the SESOIL-calculated infiltration 
values that ranged between 3.6 and 8.6 inches per year based on land cover (i.e., exposed soil with vegetation 
and flat-lying degraded concrete, respectively).  This comparison indicates the PEST-MODFLOW model did 
not overpredict site-wide recharge, and produced arithmetic average values that range between 26% and 21% 
of precipitation, which is 37.4 inches per year via the HELP database.    
 
The final recharge distribution estimated by PEST during model calibration is presented on Figure 7-9, 
which generally reflects land-use patterns.  Recharge to areas of exposed soil with vegetation (prone to 
evapotranspiration) varied between 1.1 and 5 inches per year (3% to 13% of precipitation). Degraded 
concrete, with a higher infiltration potential (flat areas with no drainage controls or vegetation), varied 
between 10 and 31 inches per year (27% to 83% of precipitation). And competent or drainage-controlled 
cover (concrete and asphalt) varied between 1.1 and 3 inches per year of recharge (3% to 8% of 
precipitation).  The original input (pilot points) were allowed to vary stochastically to achieve this 
representative recharge distribution, while field-produced K data distributions were kept deterministic (i.e., 
Kriged values of overburden K were kept static during calibration).  This calibration logic is preferred to 
varying K values since recharge contains more uncertainty than the K values at the Former Harshaw 
Chemical Site. 
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7.2.7.5   Discharge 
 
Surface water drainage features at the Former Harshaw Chemical Site facility include several stormwater 
outfalls, storm sewers, and minimal drainage ditches, which are detailed in Section 2.3.4.3.  Surface drainage 
to catch basins may not be transmitted to operating storm sewers that discharge to the Big Creek or the 
Cuyahoga River due to clogs or sediment accumulation.  Many stormwater outflows do not pass water during 
or after precipitation events, and thus drainage is less efficient than originally designed for the site.  No 
significant drainage ditches occur on-site, and groundwater in the fill and alluvium occurs at elevations 
beneath the bottom of topographic depressions.  The generally level land surface, coupled with a degraded 
stormwater management system, promotes more infiltration to groundwater than would be expected if the 
sewer lines were fully transmissive.  The only outfall that routinely discharges to the Cuyahoga River is near 
well DM-27R, where discharge may be both surface and groundwater due to its invert depth at the day-light 
point on the bank (i.e., it falls at or below the local groundwater level, and is the primary trunk line from 
several catch basins near Building G-1, several of which are in poor condition).  This outflow is the primary 
discharge for stormwater from IA03 and IA04, and does not appear to be fully operating during storm events, 
thus augmenting infiltration conditions in its catchment area. 
 
Sediment and surface water samples from IA08-SD007 in the Cuyahoga River near the outfall do not show 
elevated uranium, and thus the sewer line may not be transporting significantly contaminated sediment from 
catch basins to the discharge point.  Preferential transport of contaminated groundwater from the Building G-
1 area along the line (or bedding) will be investigated as part of the Feasibility Study efforts to determine the 
disposition of the outfall.  This condition was not included in the model since piping designs and outflow 
sampling data are not available; in addition, its inclusion may increase the uncertainty of the current 
simulation. 
 
The HELP model of two site conditions (see Appendix 3A) estimated average runoff from 0 to 15.6 inches 
per year based on various land covers (0% and 42% of precipitation).  Lower rates occur where the fill is thin 
or absent and not covered with concrete or asphalt, whereas higher rates occur where fill is fine-grained and 
thicker, as well as covered with degraded concrete or asphalt.  Site stormwater observations indicate the 
lower runoff values are most likely, with a best-case runoff estimate of 5 inches per year on degraded 
concrete, and 0 in/yr on flat-lying fill areas (13% to 0% of precipitation, respectively).  Consequently, 
infiltration to groundwater, evapotranspiration, and overland runoff to the Cuyahoga River and Big Creek are 
the primary sinks for uncollected precipitation. 
 
Evapotranspiration rates estimated using the HELP model vary between 5.6 and 24.4 inches per year (15% to 
65% of precipitation).  The best-case scenario, as coordinated with runoff, indicates that evapotranspiration 
rates are 13.4 inches per year on degraded concrete, and 20.3 in/yr on vegetated fill (36% to 54% of 
precipitation, respectively). 
 
Groundwater discharge from the unconsolidated sediments and bedrock is assumed to enter the Big Creek 
and Cuyahoga River at rates based on the seasonal hydraulic gradient and creek stage, as well as the 
conductivity of the river bed and adjacent aquifer materials.  The alluvium adjacent to and beneath the creek 
and river beds varies in thickness and allows the discharge of groundwater to the channels.  The banks along 
the river and creek also exhibit thicker coarse-textured fill with high K values that allow well levels to 
respond to river-stage fluctuations, further verifying good hydraulic connection. 
 
A comparison of site groundwater levels with water elevations in Big Creek and the Cuyahoga River indicate 
the water bodies are receiving groundwater from the Former Harshaw Chemical Site under the May 2005 
condition.  Groundwater flow gradients from the alluvium to the Cuyahoga River and Big Creek along the 
site vary between 0.004 and 0.03 ft/ft.  The stage in the Cuyahoga River varied from 575.75 ft south of the 
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Big Creek confluence, to 574.61 ft northeast for the site.  The Big Creek stage was 575.51 ft, indicating a low 
flow event existed in the Big Creek at the confluence with the Cuyahoga River. 
 
Monitoring wells bordering the Cuyahoga River and Big Creek all showed gradients to the river for the May 
2005 water-level event.  A baseflow condition was ongoing and the groundwater heads adjacent to the river 
were above an average stage of 575.2 ft; well IA04-TW0004 (north end of site) was 0.9 ft higher, DM-27R 
(center of site)  was 0.4 ft higher, and BKA-53 was 0.4 ft higher (southern site area).  The confluence of the 
river and stream, in conjunction with the hydrogeology of IA05 indicates the near-river water-bearing zones 
will be influenced by the stages at the confluence, which may affect flow vectors for short periods of high 
river stage between the normal baseflow periods after bank storage discharges to the river.  
 
The seven nickel extraction wells designed to limit groundwater infiltration to the sanitary sewer line running 
from Chemical Solvent, Inc. to a Harvard Avenue trunk line were included as a discharge component of the 
model.  The five wells along the sewer line west of Building G-1, and the two wells north of the Warehouse 
(and east of the Foundry) initially were assigned equal rates from the PEST module (and allowed to vary in a 
small range of ischarges).  Since site-owner information alludes to an average system-wide discharge of 5 
gpm, the wells were all assigned a daily rate equivalent to one-seventh of 5 gpm (0.71 gpm or 137.5 cfd).  
The sewer line bedding and trench backfill were assumed a gravel-based K value of 280 ft/d, or 0.1 cm/sec.  
During calibration, the PEST module varied the well discharges to estimate a representative rate of 4.75 gpm 
(914.5 cfd).  Although well-specific discharge data do not exist for the extraction system, the total inflow and 
simulated configuration of the system reflect the site data and anecdotal information. 
 
Riverbed conductance was not investigated, and thus was estimated using the PEST module; stage and bed 
elevations were deterministic input.  The final conductance values are indicative of fine-grained sediments, 
as listed in Table 7-3 and illustrated in Figure 7-10.  The difference between inflows and outflows in the 
water budget is likely accounted for by discharge to the surface water bodies, since no bed-material data 
were collected. 
 
7.2.7.6   Other Physical Soil Variables 
 
Limited geotechnical data were collected during the RI.  Section 6.1.6 and Appendix 1D provide total 
porosity and bulk density estimates for the overburden, as well as other parameters.  Table 7-4 lists the 
geotechnical variables that were used in the model, which are similar to literature values of analog lithologies 
(Domenico and Schwartz 1990, Fetter 1988, and Kruseman and de Ridder 1992).  These values were input to 
the particle tracking and transport analyses, and applied uniformly to each appropriate model layer.  Since 
the overburden layer is a combination of fill and natural material, the values were biased slightly to finer-
grained values to account for fine-grained fill and floodplain deposits. 
 
7.2.8  Model Construction, Assumptions and Limitations 
 
Three-dimensional geologic modeling and hydrogeologic data were combined into a conceptual 
hydrostratigraphic model of the Former Harshaw Chemical Site and vicinity properties.  The original 
geologic CSM, detailed in Section 2.3, was input to the GMS software and translated into a numerical 
MODFLOW model to simulate groundwater flow. 
 
A series of simplifying assumptions made for the numerical model need to be considered when interpreting 
model output.  Several assumptions may manifest uncertainties, although investigative and peer-review 
efforts were made to ensure this predictive tool is based upon the available data to aid in the decision-making 
process pertaining to proposed remedial alternatives.  A remediated condition (source removed) was not 
simulated, only current conditions and loadings into the future for baseline comparisons in later FS analyses. 
Physical assumptions and limitations of the Former Harshaw Chemical Site model include the following:  
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• The sanitary sewer-line running from Chemical Solvents, Inc. to Harvard Avenue is assumed to be a 
fully penetrating, highly conductive linear feature that produces a steady-state effect on monitoring 
wells.  Pumping effects of this system were evaluated in August 2004 when hydraulic data from both 
non-pumping and pumping events were collected. The data indicated that hydraulic effects were evident 
adjacent to the drain, with greatest influences northeast of Building G-1.  These effects do not appear to 
affect the site-wide flow system beyond the western half of Building G-1.  Consequently, a transient state 
condition for the drain is not reproduced in the model (i.e., well discharge cycles).  This numerical 
representation assumes the sewer line has gravel to sand bedding that was common to such utility 
installations. 

• The long-term, historical pumping rates for the nickel extraction system are not accurately quantified and 
anecdotal information from Engelhard states that an average daily discharge of 5 gpm is representative of 
the system.  The sewer-line was represented by a high-K linear feature in Layer 1 that contains five 
extraction wells.  Two separate wells were included and operated in IA04.  Consequently, the calibrated 
model is only an estimate of groundwater losses to the sewer via the extraction system operation, and not 
loss from leakage to the line. 

• The bedrock potentiometric surface developed for the site was assumed the same as the overlying 
alluvial layer.  No specific boundaries were assigned to the bedrock layer, only the alluvium. 

• The overburden is present throughout the model. 
• The basal shale was modeled as a 5-ft thick equivalent porous medium. 
• Hydraulic parameters measured on-site are assumed representative of the respective units and applicable 

to off-site areas.  The hydraulic conductivity distribution in each model layer reflects the perceived 
heterogeneities within the geologic units. 

• Unsaturated flow from the vadose zone to the water table is not included. 
• Infiltration from precipitation is the primary recharge mechanism to the model.  Ranges of recharge rates 

were estimated with a HELP model that partitioned land cover into exposed fill-covered areas, degraded 
concrete covered areas, and competent concrete covered areas.  PEST calibration techniques varied these 
input to create a representative calibration scenario for recharge. 

• The inflow boundary along the toe of the western upland was assigned a head-dependent flux boundary. 
• Specified-head boundaries represent the northern- and western-most edges of the model that are parallel 

to flow. 
• Seasonal variations in creek and river stage have minimal/negligible impact on groundwater flow 

patterns, travel times, and contaminant transport due to their short-term influences.  Creek and river 
stages are held constant in the steady-state simulation, and are receiving baseflow. 

• Seasonal variations in groundwater levels and flow directions have minimal/negligible impact on 
groundwater flow patterns, travel times, and contaminant transport.  A spring-season, high-water event 
was used for calibration to ensure transport pathways are saturated in the model. 

 
Transport modeling assumptions assigned to support future FS tasks include the following:  
 
• The maximum value for total unfiltered uranium (µg/L or ppb) results from each well was used to 

develop the starting distribution of uranium in the model (RI sample results only).  These data were 
chosen as a most conservative condition. 

• Seasonal fluctuations in contaminant concentrations have a minimal impact on the transport modeling.  
The calibrated, steady-state groundwater flow field assumes that flow conditions will remain unchanged 
over the entire simulation period (conservative since the model was calibrated to a highly transmissive 
high-water condition). 

• Observed uranium concentrations within the groundwater that are below cleanup goals will be included 
in the predictive modeling to estimate contaminant migration and potential receptors. 

• Site-specific uranium partitioning coefficients (Kd) are considered representative of site geology. 
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• Leachate loading from the vadose zone was estimated using SESOIL (Section 7.2.2), the results of which 
were input to the transport simulations as contaminated recharge to the primary flow zone.  (The influx 
concentration varies with time and was used in conjunction with the recharge loading option in 
MT3DMS). 

• Lithium concentrations initially were not modeled for RI purposes and then became a COI upon release 
of the USEPA USEPA’s Provisional Peer Reviewed Toxicity Values (PPRTVs) in mid 2008.  The 
distribution of lithium in groundwater (Figure 6-39) indicates a providence near the G-1 building and a 
fully developed, well dissolved plume leading to the Cuyahoga River.  This existing condition, although 
recognized, will be evaluated numerically in the FS phase of the Harshaw CERCLA process, in 
conjunction with uranium. 

 
Data gaps associated with past facility operations include waste disposal activities, nickel-extraction system 
withdrawal rates, and past contaminant distributions in groundwater.  Therefore, existing conditions and 
estimated current loading rates will be simulated as a starting point for all predictive analyses. 
 
7.2.9  Physical Features of Model Domain 
 
The Former Harshaw Chemical Site area topography, as previously discussed in Section 7.2.3, is dominated 
by an elevated plateau along the Cuyahoga River, where recent to older anthropogenic fill was used to level 
an operational area above the natural floodplain and channel alluvium.  The topography in IA06 and eastern 
IA07 is indicative of the natural floodplain elevation and environmental characteristics, which were buried 
before and during HCC operations. 
 
The climate in Cuyahoga County is temperate, with a 30-year average annual precipitation of 37.44 inches 
per year for Cleveland, Ohio (see HELP input in Appendix 3A).  Evapotranspiration and infiltration rates 
were estimated with site-specific HELP modeling, as previously discussed and optimized during the PEST 
calibration process. 
 
Big Creek is the southern boundary in the model and receives limited stormwater discharge from IA05 due to 
clogged drain lines.  The Creek flows from urbanized western uplands towards the east, and is generally 
incised into fill and natural sediments along commercial properties near the site.  Along the Former Harshaw 
Chemical Site, the creek has a minimal to narrow floodplain that broadens near the confluence with the 
Cuyahoga River, where floodwaters have deposited fine-grained sand, silt and clay sediments that noticeably 
emit hydrocarbon (or other organic-decay) odors when disturbed. 
 
Big Creek was assigned observed stage data that ranged from 575.51 ft at the rail bridge south of IA05, to 
575.75 ft near the confluence with the Cuyahoga River; these data indicate the lower reach was under a low 
flow (“flat water”) condition during the May 2005 readings.  Stream gauge data were recorded coincidentally 
with groundwater level measurements to ensure seasonal coordination with subsurface outflows.  Stage data 
were projected beyond the field measured area by calculating a stream gradient and projecting it up and 
down stream to estimate stage elevations for the river boundaries in the southwestern model area. 
 
The Cuyahoga River runs along the eastern boundary of the site, and seasonally varies up to 10 ft in stage 
based on visual observations during two RI phases.  River stage data were recorded from three gauges 
adjacent to the site; the May 2005 conditions appear to represent a receding limb from a minor flow event 
nearly returned to baseflow (see Figure 6-37).  The modeled stage along the Former Harshaw Chemical Site 
varies between 575.75 ft at the upstream gauge by the Big Creek confluence to 574.61 ft at the downstream 
gauge by the Harvard-Dennison Bridge.  The resulting river gradient of 0.00065 ft/ft was used to extrapolate 
downstream stages in the model along Chemical Solvents, Inc. property.  These stages were stepped by 0.25 
ft increments along the river and between gauges to best represent a uniform river slope. 
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Anthropogenic features in the vicinity of the Former Harshaw Chemical Site include Chemical Solvent, Inc. 
to the north, a CSX railroad line along the north and west sides, small manufacturing shops along Jennings 
Road, a shipping business to the west, and C&D Trucking to the southwest.  All these features fall within the 
model domain. 
 
7.2.9.1   Design and Discretization 
 
The model area covers a 120-acre region encompassing the former HCC facilities and surrounding 
properties, as shown in Figure 7-1.  The model extends 3,380 ft in the east-west (X or Easting) directions, 
and 3,920 ft in the north-south (Y or Northing) directions.  The numerical model is vertically bounded by the 
topographic surface and the base of an assumed fracture zone in the Shale.  
 
The model grid is discretized into 196 rows and 169 columns with uniformly spaced 20-ft nodes to 
effectively model the movement of COIs in all areas of the model.  The model is defined by two layers − an 
anthropogenic fill and natural alluvium (floodplain and channel deposits) as the primary water-bearing zone, 
and a 5-ft thick upper weathered portion of the basal shale as a secondary flow zone. 
 
7.2.9.2   Boundary Conditions 
 
Boundary conditions are used to specify areas where groundwater enters and exits the model, and to 
represent surface water bodies. Lateral (or perimeter) and interior boundary conditions used in the site model 
simulated the effects of the Cuyahoga River and Big Creek, as well as pumping from the on-site sewer line 
extraction system.  Boundary conditions are commonly assigned hydraulic properties within the finite 
difference grid, as discussed below.  
  
The lateral western boundary of the model representing possible flow from the toe of the western upland was 
assigned a head-specified flux boundary in the overburden, since no data exist to accurately quantify an 
influx rate or discharge.  The head distribution was based on the western interpolation of site data, which 
produced a shallow gradient from the site to the western upland due to the groundwater mounding by 
Building G-1.  The assigned heads are assumed to be representative of local conditions.  
 
Interior boundaries include river boundaries to represent the Cuyahoga River and Big Creek, and specified 
head boundaries along the northern-most and western-most model borders in the overburden.  A total of 
1,945 river nodes were used in the model.  Figure 7-3 displays the boundary conditions used in the model 
domain.  
 
No-flow boundaries were assigned to all lateral borders in the bedrock, thereby allowing the overburden 
system to control bedrock conditions.  The lowermost no-flow boundary of the model is represented by the 
bottom of the 5-ft thick weathered zone in basal shale. 
 
The poorly documented discharge from the nickel extraction designed to dewater the bedding of the sanitary 
sewer that runs from Chemical Solvent, Inc. to Harvard Road adds uncertainty to the model design.  
Consequently, an assumed high-K linear feature was inserted in the overburden layer to simulate the 
wells/drain configuration.  This line sink contains 71 high-K cells that, according to field observations, may 
produce minor influence within 125 ft from the sewer line during operation.  Five wells were simulated in the 
high-K zone to mimic the extraction wells dewatering the bedding of the sewer line.  This method promotes a 
viable solution of the sewer-line extraction system and its assumed steady-state effect on groundwater flow. 
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7.2.10  Model Calibration 
 
Model calibration is an iterative process by which model input parameters (i.e., boundary conditions, 
hydraulic conductivity, stresses, etc.) are varied within their plausible ranges until model output matches 
observed conditions.  This process is complicated by the number of input parameters that can be adjusted, the 
number of variables available for calibration targets, and the possibility of achieving non-unique model 
solutions.  For multiple-layer models, vertical hydraulic gradients and vertical leakage add additional 
complexity.  Consequently, it is not uncommon to make hundreds of trial-and-error simulations before an 
acceptable match is achieved. 
 
The development steps of the flow model are summarized below:  
 
• A finite-difference grid is established for the area representing the conceptual model of the site based on 

groundwater flow, data density, and predictive needs. 
• The steady-state flow calibration targets, or measured water levels for the overburden at the Former 

Harshaw Chemical Site include the May 2005 hydraulic heads, which represent a seasonal high and 
transmissive condition (Figure 7-2). 

• Two model layers and several boundary conditions were defined for the model domain, which contains 
approximately 120 acres that encompass residential uplands to the west, active industry or trucking to the 
south and north, the Cuyahoga River to the east, and Big Creek to the south. 

• Initial hydrogeologic parameters were entered into the model for each layer.  In addition, a range of input 
values based on site-specific or literature values were then input to the parameter-estimation software 
tool (PEST by Doherty 2001) that was used to develop representative input to achieve a calibration.  
Hydraulic conductivity values were held deterministic in the model.  

• The PEST module employs the Gauss-Marquardt-Levenburg algorithm to iterate through a large series 
of steady-state simulations to reach calibration and minimize observed head residuals.  Parameter 
adjustments (primarily recharge, river conductance, well discharge, and general-head boundary 
conductance) were made within the established ranges to simulate observed water levels and flows that 
match observed data within an acceptable range of error.  The PEST process also is iterative, and input 
ranges were adjusted to achieve representative values for each parameter estimated.  After this iterative 
activity, some manual calibration occurred to achieve a final numerical representation of the groundwater 
flow system. 

• Sensitivity analyses of select input were performed to determine how parametric uncertainty (or range of 
parameters) may affect the output of the model simulations.  A parameter that significantly affects the 
calibrated model condition, when changed within the range of measured or observed values, is 
considered to be a sensitive parameter.  The sensitivity analysis evaluated hydraulic conductivity, 
recharge, and river boundaries (inflow and outflow). 

• Groundwater flow model results, including hydraulic heads and cell-by-cell flows, are then used as input 
to particle-tracking and contaminant transport simulations that simulated advective, dispersive, and 
adsorptive flow velocities in the model domain. 

• Output from the contaminant transport simulations was used to estimate plume loading, migration 
pathways, contaminant travel times, and concentrations at potential downgradient receptors. 

• Visualization of the contaminant transport model results (as particle pathways and plumes) were then 
used to graphically display the migration of contaminants through the groundwater flow system.  

 
The calibration of the Former Harshaw Chemical Site FUSRAP groundwater flow model to the May 2005 
high-water heads ensures a conservative transport condition is simulated.  The PEST-supported (Doherty 
2001) trial-and-error calibration process provided representative values for select model parameters.  A user-
assigned range of data input to PEST were used to systematically sweep through thousands of combinations 
of input to create the best input dataset to calculate calibration targets (i.e., model results that fit observed 

Former Harshaw Chemical Site Page 7-16 
Remedial Investigation Report 
Revision 1  
December 2009 



 

conditions).  Once calibration was achieved, a model sensitivity analysis was performed to determine how 
uncertainties in model input parameters affect model calibration results. 
 
Seasonal variations in the water levels, measurement errors, and model discretization affect the uncertainty 
associated with the use of measured water levels as calibration targets.  For the Former Harshaw Chemical 
Site, water levels annually vary an average of 6.97 ft, with an average standard deviation of 2.50 ft. based on 
455 recorded levels in 57 wells over the period June 2003 to May 2005.  Therefore, one measure of model 
calibration includes matching observed water levels to within each well’s standard deviation.  Thirty-eight of 
the high-water calibration targets fall within 1 standard deviation of their respective means, and nineteen 
wells fall within two standard deviations (commonly within 1.3 standard deviations).  This means that 
calibrated heads that fall below the high-water target heads are more acceptable than calibrated heads that are 
higher than the target heads; thus a “perfect” to low match was desirable for this modeling scenario.  
 
A second measure to evaluate head-based calibration is to determine the mean absolute residual, and the 
standard deviation of residuals, as a percentage of the total range in water levels at the site.  Anderson and 
Woessner (1992) identify that a small error value for residual standard deviation over the target range for the 
model domain indicates that error for the model calibration thereby represents only a small (and acceptable) 
error relative to the overall model response.  Rumbaugh and Rumbaugh (2001) recommend the residual 
standard deviation to head range ratio be less than 10-15 % for a good calibration.  The steady-state model 
residual standard deviation of 1.80 ft divided by the target head range of 19.4 ft is 9.3%; this lowers to 8.9% 
when accounting for control points in the calibration. 
 
Additional calibration criteria include achieving a volumetric flow budget having less than 1% discrepancy 
between groundwater inflows and outflows, and a good qualitative match between simulated and observed 
groundwater flow directions by comparison of contour maps.   
 
7.2.10.1   Observed and Simulated Head Targets 
 
The target heads for the model were collected synchronously on May 3, 2005 to eliminate any temporal 
changes in the potentiometric surface (Figure 7-2).  The potentiometric surface is assumed representative of 
the overburden layer although one well is screened in the shallow bedrock.  To assign target heads to off-site 
areas, “control points” were added to the observed head distribution to force a uniform gradient to be 
calculated for areas west of IA07 and north of IA04.  This allowed the model to converge to an artificial 
control in areas that were omitted from the site-specific CSM.  See Figures 7-11 and 7-12 for the simulated 
heads in the two respective layers.  Once calibrated under this scenario, a second calibration was 
implemented by first elevating the starting heads by 10 feet, which allowed the PEST module to “settle” 
these starting heads into the target heads.  PEST achieved the same calibration dataset as the initial 
calibration, thereby indicating a good unique solution and robust model.   
 
The bedrock layer represents a 5-ft thick weathered zone in the shale, and was assigned the same set of 
starting heads as the overburden.  In general, groundwater simulated in the bedrock beneath the Former 
Harshaw Chemical Site is being recharged by leakage from the overlying alluvium and slowly discharged to 
the Cuyahoga River. 
 
The model initially calibrated poorly along the west boundary of the site upgradient of the bedrock high 
location, which is coincident with several observed low hydraulic conductivity values from overburden wells 
(see Table 6-45 and Figure 7-7).  The low permeability and bedrock obstruction in the easterly flownet is 
complicated by field observations of poorly drained areas along both the western-border railway and remnant 
degraded concrete foundations west of Building G-1. These factors created convergence problems in this 
area of the model domain.  A locally detailed calibration reduced the recharge value of several pilot points 
from their PEST-derived values, which produced better head convergence and observed flow patterns in this 
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western area.  The final solution minimized head error under the constraint of deterministic K values in this 
hydrogeologically transitional area of the site (i.e., grading easterly from finer-grained fill and floodplain 
material through or around the bedrock obstruction, and into a rapidly thickening coarse-grained fill and 
fluvial-channel unit).  There is good overall agreement between the measured and modeled water levels, as 
well as flow patterns, with some of the areas of uncertainty being shown as contours diverging from zero on 
Figure 7-13. 
 
The steady-state simulation of the sewer-line extraction system shows it influences gradients west and 
northwest of Building G-1.  This local sink draws groundwater from the western half of Building G-1 and the 
areas north and slightly south of Building G-1. It also captures easterly flow from upgradient areas.  The 
downgradient influence is null within 200 ft of the system, where the predominantly easterly flow from the 
Building G-1 area is reestablished as the dominant vector.  This zone of influence is slightly larger than 
observed during extraction system operation and thus indicates uncertainty to the model.  This uncertainty 
would be reduced if the system was operated on a set schedule with well-specific flow rates, which is not 
currently the process. 
 
7.2.10.2   Calibration Statistics 
 
Calibration statistics describe the goodness of fit between measured and simulated water levels.  Table 7-5 
lists the head comparison and associated statistics.  Calculated residuals range from a minimum of -4.02 ft at 
IA04-TP0004, to a maximum of 3.88 ft at DM-10. The following statistical results of measured heads 
indicate an acceptable calibration: 
 
• The mean error of residuals is 0.47 ft; 
• The root mean squared error of residuals is 1.85 ft; 
• The absolute mean residual is 1.43 ft; and 
• The standard deviation of residuals is 1.80 ft. 
 
The positive mean error indicates the calculated water levels are slightly higher than observed (primarily due 
to the area west of Building G-1), and that the residuals are unbiased (near-zero).  The ratios of root mean 
squared error and mean absolute residual to the observed head range of 19.41 ft (592.47 to 573.06 ft) both 
indicate an acceptable calibration was achieved for this complex flow model. These ratios are 9.5% and 
7.3%, respectively.  If water-level control points are included in the calibration statistics, all values decrease 
a percentage point or two. 
 
Table 7-5 also shows a near-zero to negative kurtosis in the residual data distribution, which indicates a  
normal distribution is likely. The MODFLOW post-processing report also indicated a normal distribution in 
the residuals at 95% confidence.  The slightly negative skewness indicates the residuals reflect more values 
below the mean, which is a desired distribution due to the high-water calibration targets.  
 
The areas in the model domain with the highest absolute residuals were found west of and below Building G-
1, where the bedrock high and thin fill-alluvium layers affect flow, and west of C&D Trucking in the 
southwest area of the model; other minor areas also exist inside the model domain (Figure 7-13).  The areas 
with residuals closest to zero were found near the Cuyahoga River and wells outside of the Former Harshaw 
Chemical Site investigation zone where the model was simplified due to data uncertainty.  The overall 
distribution of residuals indicates that there were not significant biases in the model to systematically over-
predict or under-predict water-level elevations across the model domain. In addition, the ratios of residual 
statistics to the water-level range fall below 10%, which is a desired condition (Rumbaugh and Rumbaugh 
2001).  The model calibration fit is illustrated in Figure 7-14, which shows a scatter plot of observed and 
calculated water levels.  The data points generally fall close to the 45-degree line, which indicates that the 
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there is a strong correlation between observed and simulated water levels, and the absence of consistent bias 
in the simulation results. 
 
The PEST process varied the recharge data input to the model to best estimate a distribution that achieved the 
lowest numerical error for the calibration.  The resulting input is compared to the original HELP estimates in 
Table 7-6, which indicates that the variations all fall within the field data ranges.  This robust option in 
PEST, the use of ‘pilot points,’ enhanced the final product and achieved the lowest possible error for this 
model. 
 
7.2.10.3   Volumetric Flow Budget 
 
The water budget consists of inflows and outflows to the groundwater system at the Former Harshaw 
Chemical Site.  Inflows consist of precipitation derived recharge, vertical leakage across layers, and recharge 
from surface water boundaries.  Outflows consist of removal through wells in the model, vertical leakage 
across layers, and discharge to surface water bodies.  Evaportranspiration also acts to remove water from the 
flow system, although this effect was included in the recharge terms that were estimated from HELP 
modeling.  Constant-head boundaries provide both minor amounts of inflow and outflow to the system. 
 
Table 7-7 summarizes the volumetric flow rates for the entire steady state groundwater flow model.  The 
model inflows and outflows are listed by volume and by percentage of inflow and outflow. The total budget 
discrepancy is -0.01%, indicating that the numerical solution is accurate, and no major discrepancies occur 
between model inflows and outflows. 
 
From Table 7-7, it can be seen that recharge is the primary source of inflow in the model, contributing about 
12,063 cfd or 87% of the inflow.  The average recharge rate is 0.0025 ft/d or 9.84 in/yr, which is bracketed 
by 95% confidence intervals of 0.00271 and 0.00178 ft/d, or 11.89 to 7.80 in/yr.  These are slightly lower 
than the average HELP-based estimate for recharge of 17 in/yr, although the model ranges fall within the 
recharge ranges estimated by the differing HELP scenarios of site land-cover conditions. 
 
Groundwater flow through the constant head boundaries along the extreme west and north in the alluvium 
provide about 1,225 cfd of inflow, or 9%.  The specified-head boundary (General Head MODFLOW 
boundary) contributes 647 cfd, or 5%.  The Cuyahoga River contributes minimally to the groundwater 
system. 
 
The stretch of Big Creek running along the southern model boundary, to the confluence with the Cuyahoga 
River, removes about 3,370 cfd or 24% of the total flow.  The greatest outflow occurs along the eastern 
model boundary with the Cuyahoga River, where about 8,394 cfd or 60% is removed.  The well array 
representing the sewer-line extraction system has a discharge of approximately 915 cfd, or 4.75 gpm, which 
is similar to the anecdotal line-loss value of 5 gpm; this represents nearly 7% of model discharge. 
 
7.2.10.4   Parameter Sensitivity 
 
A quantitative sensitivity analysis was conducted on several aquifer parameters to provide estimates of the 
uncertainty in the calibrated model.  Select model input were systematically modified over a range of values 
to determine their effect on the model calibration. The magnitude of change in the calculated water levels, 
expressed as a mean residual error, was used as a measure of the sensitivity of the model. Hydraulic 
conductivity values for each layer, riverbed conductance, well discharge rates, and recharge rates were 
individually multiplied by factors of 0.1 and 10, while other parameters were maintained at calibrated values.  
 
Statistics describing the match between sensitivity analyses results and the calibrated flow solution quantified 
the sensitivity of each parameter.  These results are summarized in Table 7-8 and discussed below.  In 
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general, the most sensitive parameters are those that caused the greatest deviation from the calibrated 
solution. 
 
7.2.10.4.1   Hydraulic Conductivity 
 
The results of the sensitivity analysis presented in Table 7-8 indicate the model is insensitive (has low 
sensitivity) to site-wide conductivity changes in all layers.  Additional simulations testing hydraulic 
conductivity anisotropy indicate the model has low to moderate sensitivity to anisotropy. 
 
7.2.10.4.2   Recharge 
 
The model exhibits low to moderate sensitivity to recharge, with nearly identical statistics when the recharge 
extremes are applied (i.e., the model reacts linearly and uniformly to the changes).  Based on the changes in 
the mean residuals, the model is more sensitive to recharge than hydraulic conductivity. 
 
7.2.10.4.3   Wells 
 
The model exhibited moderate to high sensitivity to the simulated well discharge representing the sewer-line 
sink.  As the well discharge was lowered, the simulated water levels at the site only increased slightly, as did 
the statistical errors.  Increasing well discharge grossly affected the model by drying areas out and highly 
increasing calibration error and associated statistics. 
 
7.2.10.4.4   River Boundary 
 
The model exhibited low to moderate sensitivity to the riverbed conductance representing the Cuyahoga 
River and Big Creek channel sediments.  Lower conductance values had a greater effect on the model than 
higher values, as per simulation error statistics.  However, the sensitivity-test results did not significantly 
impact the flow field of the model, thereby indicating a stable calibration. 
 
7.2.10.4.5   Head-Dependent Flux Boundary (MODFLOW General Head Boundary) 
 
The model exhibited low sensitivity to the conductance values assigned to the reaches of general head 
boundary condition.  Lower conductance values only slightly affected the model, although higher values had 
low impacts as well, as per the error statistics. 
 
In summary, the sensitivity analysis indicates the calibrated flow model is sensitive to recharge and elevated 
extraction-well discharges.  The hydraulic conductivity in the overburden and bedrock is not sensitive if 
varied together; this analysis did not include changing actual point-values (well testing results) for K 
distribution evaluations.  The conductivity of Big Creek and the Cuyahoga River has a generally small 
influence on the simulated groundwater levels, being most influencing on those adjacent to the river and 
creek.  Consequently, the calibrated steady-state model is stable as simulated and will handle stresses 
commonly tested in FS alternative analyses. 
 
7.2.11  Groundwater Pathway Analysis 
 
The cell-by-cell flow results from the calibrated flow model were input to the USGS particle tracking code 
MODPATH (Pollock 1994), which uses hypothetical particles placed within the groundwater flow system 
and tracks them forward or backward through the system.  Forward particle tracking is useful to evaluate 
flow paths from beneath sources for contamination, whereas backward or reverse tracking is useful to 
evaluate capture zones of extraction wells and groundwater contribution zones to discharge points, such as 
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the Cuyahoga River.  MODPATH was selected because it is extensively peer reviewed, widely used in the 
industry, and accepted by environmental professionals. 
 
The particle tracking model predicted groundwater flow paths under current conditions, and can estimate 
changes in flow directions, gradients, and water levels that may occur if conditions change.  The model can 
analyze potential predictive scenarios using the steady-state conditions (assumes the flow field remains 
constant over the period of simulation) or transient conditions (assumes the flow field changes over time).  
Particle tracking techniques are often used in conjunction with predictive contaminant-transport scenarios to 
permit multiple evaluations of modeling results. 
 
The steady-state input to the flow model was augmented in with porosity, specific yield, and storage 
variables for the MODPATH analysis. These inputs are listed in Table 7-5. 
 
Particles input to the MODPATH module were tracked forward from locations of significant soil 
contamination to their end points, which indicate likely pathways for contaminant movement if soil 
contamination leaches to the groundwater.  Particles were placed in IA03, IA04, IA05, and northern IA07. 
 
The forward-tracking particles were placed in all site areas where soil samples indicate above-background 
uranium was present in the soil profile (Figure 7-15).  The particle paths show groundwater is influenced by 
the sewer-line extraction system and groundwater mound beneath the Building G-1 and Boiler House 
buildings.  Particles located generally east of a north-south trending line bisecting the Building G-1 structure 
migrated easterly from the Building G-1 area, with some dispersion to the north and south due to the 
groundwater diverging from the bedrock high and groundwater mound.  Once east of Building G-1 and the 
bedrock high, the particles converge towards the Cuyahoga River.  Particles traveling directly from the 
Building G-1 area to the Cuyahoga River flow between 156 to 651 ft in 202 to 10,589 days (0.55 to 29 yrs), 
averaging 560 ft in 2,650 days (7.3 yrs); particles first dispersing northward from Building G-1 and then 
toward the Cuyahoga River flow about 885 ft in 6,900 days (approximately 19 yrs).  This supports the 
current groundwater contaminant observations of a fully developed lithium plume of governed by very low 
soil (Kd and a minimally migrating uranium plume near Building G-1 governed by a higher Kd range of 6.8 
to 29.5 mL/g.  Lithium Kd values are normally low (to less than 1.0) and solubility is normally high (as 
exemplified by coincident filtered and unfiltered sampling results), which together promote the leaching and 
transport evident on site. 
 
Particles placed in the western area of the site and west of Building G-1 entered the sewer-line extraction 
system; some bypassed the system and continued to discharge to the riverine system.  This indicates the 
sewer line is a weak sink for contaminants near Building G-1 and the northwest area of the site.  The sewer 
line affects the migration of site-related COIs from near the Building G-1 by slowing migration towards the 
Cuyahoga River where the line sink begins to lose hydraulic influence.  The travel time for particles entering 
the extraction system from the western Building G-1 area averaged 131 ft in 500 days (1.4 yrs).  Particles 
originating from the site area along the western railway will enter the extraction system along an average 
pathway of 99 ft in 420 days (1.2 yrs).  These analyses indicate that site-related COIs in groundwater in the 
western area of the site may enter the sewer line and groundwater extraction system, although site-owner 
sampling of influent indicates minimal uranium concentrations (allegedly < 3.0 µg/L). 
 
Particles traveling from IA05 to the Big Creek or Cuyahoga River flow between 10 to 604 ft in 20 to 2,303 
days (0.05 to 6.3 yrs), averaging 115 ft in 381 days (approximately 1 yr), which may be affected by river 
stage.  The travel-times may be influenced (lengthened) by bank storage effects during high-river stages 
because IA05 is a peninsula between the surface water bodies.  Flood events create bank storage (inflow of 
river water to the groundwater in the banks at high stage) that temporarily slows groundwater flow due to 
gradient reversals, and dilutes potential contamination in IA05 along the riverbank.  This bank storage 
condition is ignored in the model (adding conservatism) since it is temporary and river-stage specific.   
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7.2.12  Groundwater Transport Analysis 
 
The transport of constituents in the groundwater flow field calculated by MODFLOW was coupled with the 
Modular 3-D Transport for Multi-Species model (MT3DMS), which is designed to simulate advection, 
dispersion/diffusion, and chemical reactions of contaminants in groundwater under general hydrogeological 
conditions (Zheng 1999).  MT3DMS includes three transport solution techniques – the standard finite 
difference method, the particle-tracking-based Eulerian-Lagrangian methods, and the higher-order finite-
volume TVD method.  These numerical techniques can be used individually or combined to solve a wide 
array of transport problems with desired efficiency and accuracy. 
 
The simulation of total chemical uranium migration using MT3DMS both under current conditions, and 
potential future site conditions, is based upon observed concentrations collected throughout the RI process.  
The highest total uranium sampled at each well was used to develop a conservative plume to represent the 
starting condition in the transport model.  Although this technique does not represent a “temporal snapshot” 
of site conditions, it provides a worst-case plume scenario for planning purposes, and coordinates with the 
HHRA input (see Section 8).  In addition, the SESOIL contaminant leaching results described in Appendix 
3B were input as a recharge-based uranium influx at contaminated soil locations, and thus provided 
additional source term to the existing plumes. 
 
Predictive results from the transport simulations delineate potential migration pathways and end-point 
locations, where groundwater impacts may occur in the future.  Flow and transport conditions also can be 
simulated to predict the fate of MED/AEC-related constituents under future FS alternatives scenarios. 
 
Contaminant transport modeling focused on total uranium migration under various conditions because on-
site monitoring wells indicate uranium is present in select areas at concentrations exceeding the following 
site-specific risk-based PRGs for total uranium: 
 
• 24 µg/L based on an reasonable maximum exposure of 4 milli-REM per year; 
• 8.3 µg/L based on a 1.0E-05 dose risk; 
• 30 µg/L  based on the USEPA MCL; and 
• 92 µg/L based on a Health Index (HI) of 1.0 for uranium toxicity to an adult farmer. 

 
See Section 8 and Tables 8-22 and 8-25 for more information on these risk-based values, as well as the risks 
from lithium in groundwater. 

 
The BRA determined that thorium-230 also presents a risk, with groundwater values for thorium-230 
generally falling within three times background and below site PRGs; only wellpoint IA03-TW0006 in 
Building G-1 shows elevated results, which may be an artifact of collection techniques (see Section 6.7).  
Lithium was added as a site groundwater COI in October 2008 based on USEPA PPTV tables released in 
mid 2008, as discussed in Section 8.  Consequently, a full transport analysis for lithium in groundwater was 
not evaluated herein and will be addressed fully in the subsequent FS decision document for the site. 
 
Other MED/AEC-related COIs that pose much less risk than uranium, lithium and thorium have been 
removed from consideration by the BRA calculations, and were thus excluded from the transport effort.  
Since uranium is a generally mobile COI, it provides an indicator of migration pathways.  A smaller plume 
of thorium-230 is collocated with uranium directly below Building G-1 and thus will exhibit a similar fate at 
a much lower migration rate due to thorium Kd values that are normally much higher than uranium (see 
USEPA 402-R-99-044B and Thibault et al. 1990); therefore, thorium-230 transport is not simulated in lieu of 
the more mobile uranium.  The distribution of highly mobile lithium, as shown in Figure 6-39, provides 
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insight into the long-term fate of groundwater COIs near the G-1 complex and likely discharge areas along 
the Cuyahoga River (i.e., lithium acts as a mobile tracer in the groundwater system). 
 
7.2.12.1   Input Parameters and Transport Analysis 
 
The physical parameters used in the groundwater flow and contaminant transport models include hydraulic 
conductivity, porosity, bulk density, and soil-partitioning (distribution) coefficients (Kd).  Since the modeling 
effort is limited to saturated flow and transport, MT3DMS input also includes existing plume distributions 
and contaminant loading to the groundwater derived from unsaturated zone leaching estimated by SESOIL 
modeling.  The physical input parameters are consistent with site-specific and literature-based data. 
 
Table 7-5 lists the geotechnical input to the model layers, and Table 7-9 lists the Kd values used in the 
MT3DMS simulations for each constituent in each layer of the model.  These values are based on 
information provided by the site-specific testing (described in Section 6.1.6) in literature.  The site-specific 
Kd for uranium in the alluvium ranges between 6.81 and 29.51 mL/g, with an average of 14.03 mL/g, which 
was used to represent uranium partitioning in the alluvium (Layer 1) for all predictive scenarios.  The highest 
Kd of 29.51 mL/g was input for the bedrock (Layer 2), since such shales commonly have relatively high 
organic carbon, abundant iron oxyhydroxides, and clay minerals that promote adsorption (and retardation). 
 
Longitudinal dispersivities in the transport simulations were set uniformly to 5 ft in the alluvium (Layer 1) 
and 10 ft in the bedrock (Layer 2).  These values are based on a Peclet value of <1 (nodal 
spacing/dispersivity).  Transverse dispersivities were set at 1.0 and 0.8 the longitudinal values, respectively; 
vertical dispersivities were set at 0.1 the longitudinal values for both layers.  Tests using lower transverse 
dispersivity multipliers (<< 1.0) indicate the variable is not sensitive in this transport model. 
 
Groundwater loading results from the SESOIL modeling suggest that other mechanisms besides leachate 
from a spatially averaged soil-contamination profile is responsible for the observed contaminant 
concentrations in groundwater.  The SESOIL output calculated from a spatially averaged soil contamination 
profile show that groundwater migration from the IA03 area has a lower leachate concentration than would 
promote observed conditions.  These simulations indicate the best scenario creating currently observed 
conditions in and near IA03 include contaminant leaching at concentrations higher than estimated by 
SESOIL.  The influx from below the IA03 facilities apparently occurs at much higher concentrations from 
select areas of higher soil concentration, which are preferentially leaching uranium (and possibly thorium) to 
groundwater.  This was accounted for in the MT3DMS model by multiplying all the SESOIL influx results 
for uranium by 28.4, which is the quotient of the vertically averaged concentration of maximum soil-
contamination values (1,864 µg/g) over the vertically averaged concentration of average soil-contamination 
values (65.6 µg/g) originally used in SESOIL.  This higher time-dependent loading of uranium to 
groundwater represents a worst-case leaching scenario in the MT3DMS model. 
 
SESOIL calculations indicate maximum influxes will occur at 650 years where pavement overlies fill, and at 
250 years where thin fill is exposed and overlies alluvium.  This input adds to the persistence of the plume 
near Building G-1.  The original SESOIL loading rates are presented in Appendix 3B. 
 
The steady-state calibrated flow model was used as MT3DMS input to estimate transport under a unique 
flow solution.  A transient-state flow solution was not calculated for the transient-state MT3D solution.  The 
MT3DMS timestep was kept small to ensure the Courant values did not exceed 1, which avoids numerical 
dispersion under the upstream finite-difference scheme used to calculate the transport solutions. 
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7.2.12.2   Transport Results 
 
The initial SESOIL simulations of the spatially averaged contaminant loading to the alluvium appears to 
underestimate the loading needed to produce the concentrations currently observed in site groundwater.  
Higher contamination levels may have leached to groundwater through other geologic conditions not 
accounted for in the lithologically averaged SESOIL contamination soil profile.  Such conditions may 
include areas where: the low-K, higher Kd clayey fill is less continuous; sampling did not identify highly 
contaminated, leachable soil in IA03; contaminated fill is in direct contact with the alluvial layer where Kd is 
lower; and  other site mechanisms are promoting groundwater contamination (e.g., historical sewer leakage). 
All mentioned conditions may be probable since soil sampling operations cannot fully characterize every site 
condition. 
 
To simulate such conditions, the SESOIL results were modified as previously described to promote the 
higher concentrations of contaminants observed in wells in IA03.  Even using the relatively low Kd value of 
14.03 mL/g for uranium, both SESOIL and MT3DMS simulations suggest uranium is moderately mobile in 
the site groundwater system, thus this increase is considered conservative. 
 
Appendix 3C presents the MINTEQA2 geochemical results and graphical discussion.  The MINTEQA2 
geochemical simulation of site groundwater indicates uranium speciation near Building G-1 occurs as 
immobile U+4 complexes of uraninite and uranium oxyhydroxides, whereas the IA04 and IA05 areas exhibit 
both U+4 and more mobile U+6 oxides and oxyhydroxides.  These results indicate uranium in groundwater 
near Building G-1 (the greatest source of contamination) will be much less mobile than the balance of the 
site, where uranium oxidizes to a more mobile state (U+4 to U+6) towards the river.  This supports the 
observed condition that little IA03 groundwater contamination is migrating towards the river due to uranium 
complexing and adsorbing in a geochemically immobile plume.  The hydrogeochemistry of the IA03 area 
supports a low-solubility U+4 state, shows relatively low hydraulic conductivity, and Kd values that average 
14.03 mL/g, all of which minimize uranium migration from the IA03 area. 
 
This uranium constraining condition apparently changes to a more soluble and geochemically mobile 
condition downgradient of Building G-1, as evident from the U-speciation results for well RMW-38, which 
is about 60 ft downgradient of Building G-1.  The MINTEQA2 results indicate uranium at RMW-38 would 
be equally speciated in U+4 and U+6 states.  This valence-state transition zone is not well investigated, and 
can be assumed to coincide with increases in groundwater Eh (U-speciation driver), specifically as Eh 
increases above 0 to 50 mV in the downgradient directions from Building G-1.  These higher Eh conditions 
appear in IA04 wells within 200-300 ft from Building G-1, which coincides with subsurface transitions into 
more permeable deposits that may promote dispersion and higher Eh groundwater derived from aerial 
recharge and possibly Cuyahoga River bank storage from flood events.       
 
The MODFLOW and MT3D solutions show that contaminants migrating through the groundwater are still in 
transport towards the Cuyahoga River at values above background, site PRGs, and the MCL within the 
1,000-year performance period.  Section 8.2.8.2.2, Table 8-27, and Table 8-30 describe and list site-specific 
screening criteria and groundwater PRGs to compare against modeled results.  The screening values include 
6.8 µg/L for background, 8.3 µg/L for the 1E-5 dose, 24 µg/L for the 4 mR/y dose, 30 µg/L for the USEPA 
MCL, and 92 µg/L for toxicity at an HI of 1. 
 
The transport model indicates that the Building G-1 area plume will remain static in its present form for 
about 380 years, after which southeasterly migration begins.  The plume elongates slightly towards the river, 
but does not reach it at above-background concentrations within the 1,000-year performance period.  The 
1,000-yr plume still contains high concentrations (>1,000 µg/L) that have not migrated more than 150 feet 
from the original plume condition in IA03 (under Building G-1).  These concentrations may continue to 
migrate beyond the 1,000-year performance period and attenuate according to hydrogeochemical (U-valence 
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and Kd) conditions along the plume path towards the Cuyahoga River.  This plume persistence indicates 
source-term remediation may be a viable solution to control plume fate. 
 
The porous-equivalent layer representing the upper 5 ft of bedrock received uranium through diffusion from 
the alluvial layer (layer 2) as the plume progressed towards the river.  The bedrock has a much lower 
hydraulic conductivity, and was assigned a Kd of 29.51 mL/g, or the higher confidence limit of the Kd data 
set.  The plume in the bedrock is similar to the alluvial layer throughout the performance period due to the 
vertical groundwater movement and high adsorption; small areas show more persistence than the alluvium 
due to the lower hydraulic conductivity and higher retardation (i.e., once the bedrock was contaminated, it 
migrated more slowly and thus was retained longer in certain areas).  The concentration differences in 
between the layers are minimal since the plumes are persistent and slow moving.  This analysis indicates that 
if a bedrock water-bearing zone is in contact with contaminated groundwater in the overburden, then the 
bedrock will act as a contaminant sink rather than transport medium due to potentially higher Kd values and 
lower K relative to the alluvium.  The bedrock should be assumed an extension of the contaminated 
overburden zone unless sampling proves negatively. 
 
Figure 7-16 shows a mosaic of plume maps illustrating the progression of the uranium plume in the 
overburden from the Building G-1 area.  The slow migration of contaminants out of IA03 is consistent with 
current site observations (only minor detections of uranium outside of IA03) and migration pathways 
simulated by the model.  Only well DM-27R near the river shows uranium contamination, but this may be 
due to nearby contaminated fill and historical leakage from pipe-segment breaks in the sewer line near the 
river versus migration from the Building G-1 area.  The 1,000-year simulation estimates the highest 
concentration of uranium entering the Cuyahoga River near well DM27R is 21µg/L within 75 years, which 
then persist for about 20 years and then slowly disperses into the surface water. 
 
Even though the contaminant transport model has been able to somewhat accurately reproduce current 
conditions at the site, it is very important to recognize the uncertainties in historical events at and near the 
site, and how they impact the modeling results.  The best approach is to reproduce current contaminant 
extents based on current sources of contamination, time periods, and rates of contaminant releases. 
Knowledge of significant stresses to the groundwater flow field, such as periodic operation of the nickel 
extraction system also is important.  Currently, gaps in our historical knowledge of the site prevent a reliable 
reconstruction of current conditions, thus a present-day condition is the starting point.  Most significantly are 
accurate knowledge of past groundwater flow conditions at the site (as influenced by the operation of the 
extraction system), and contaminant loading areas at the site.  As a result of these gaps in our knowledge, the 
transport simulations have an additional set of limitations that must be considered when evaluating the 
results. Some of these include the possibility of groundwater contamination in areas not currently monitored 
by the existing well network.  However, the developed lithium plume extending from the G-1 area to the 
river indicates the flow and transport model accurately predicts the uranium fate. 
 
Based on MT3D results, approximately 78.4 kg of total uranium entered the model domain via SESOIL-
based loading during the 1,000-year performance period.  This loading in addition to site-wide background 
values input throughout the model domain produced a MT3DMS model that partitioned uranium into the 
following fates: 
 
• Approximately 82% is retained in soil and bedrock; 
• 0.4 % is dissolved in groundwater; 
• 9% is discharged to the Cuyahoga River and Big Creek; and 
• 7.2% is discharged to the sewer-line extraction system.   
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These partitions show that the greatest uranium sink is the soil and river at the end of the performance 
period.  The well system received influx from upgradient background concentrations and from the Building 
G-1 area plume, although these sources cannot be differentiated as currently constructed.  Since the 1,000-
year plume is still migrating from the Building G-1 area to the Cuyahoga River, it is expected that the 
Cuyahoga River will be the primary non-soil sink for the majority of uranium in groundwater at the Former 
Harshaw Chemical Site in the far distant future.  However, it appears the 1000-year groundwater 
concentrations entering the surface water from the Building G-1 plume will be below the site PRGs and the 
USEPA MCL depending on hydrogeochemical migration constraints in IA03 and natural attenuation 
processes in IA04 (adsorption, dispersion, and dilution along the river).  The overall transport model mass 
balance discrepancy was -0.001% at the 1,000-year timestep. 
 
7.2.12.3   Transport Uncertainty 
 
Uncertainties in past operations at the site make it difficult to determine with absolute certainty how 
contaminants produced the currently observed groundwater condition.  Reconstruction of these exact 
processes is beyond this modeling effort, although important to consider when evaluating model output.  
Several gaps in our knowledge are summarized below.  
 
Previous nickel-extraction system pumping rates are unknown, and anecdotal rates of 5 gpm do not 
definitively indicate the frequency and real rates of production (both combined and well-specific) from this 
intermittently used system.  Another unknown is the seepage rate of groundwater into the sewer line prior to 
extraction system installation and during operation, which is the calibrated state. 
 
Another source of uncertainty that impacts the migration of contaminants in the past is the placement of 
contaminated fill in various areas throughout the site and competency of raffinate discharge lines to the river.  
This can create additional groundwater contamination that appears disconnected from the Building G-1 area, 
as seen near wells DM-27R and IA04-TW0004, where local fill and potential sewer-line breaks may have 
leached (are leaching) uranium to groundwater near the river bank. 
 
An additional factor of uncertainty that likely impacts the movement of contaminants both in the past and 
present is the exact layout of site buildings that were previously decommissioned and partly responsible for 
site soil and groundwater contamination.  This condition may indicate why some contamination is located 
where observed. 
 
The seasonal fluctuation in water levels and contaminant concentrations observed in site wells are not 
accounted for in the groundwater flow model, which calculates a steady-state flow field based on a highly 
transmissive, high-water “snapshot” of the flow, and a high-concentration contamination period for 
groundwater contamination (late summer). 
 
A short-term site condition that can intermittently affect site transport is the influence of river and creek 
flooding on the groundwater system.  When river and creek stages are high during flooding events, river 
water enters the banks (bank storage) and increases near-river heads, which can temporarily lower 
groundwater gradients and slows flow to the river.  Flood events that create bank storage also may 
temporarily slow contaminant discharge to the river and dilute groundwater contamination within the 
riverbank.  If groundwater sampling occurs in wells close to the river during or just after flooding events, 
then groundwater results may underestimate MED-related contaminant values due to river water influx to the 
groundwater regime.  This condition may intermittently slow contaminant migration to the river, and more 
importantly, dilute contaminated groundwater discharges to the river.  Since most flood or high-water events 
recede within 2 to 5 days depending on magnitudes (Figure 6-37), and since the coarse-grained overburden 
along the riverbank exhibits high hydraulic conductivities, bank storage is readily discharged from the 
overburden as the river recedes, thereby re-establishing normal groundwater baseflow to the river.  This 

Former Harshaw Chemical Site Page 7-26 
Remedial Investigation Report 
Revision 1  
December 2009 



 

condition is ignored in the model since it is usually temporary and river-stage specific.  The model is 
conservative regarding this groundwater-surface water interaction (i.e., promotes transport to the river).   
 
In addition to uncertainty associated with site conditions, uncertainty also is associated with model input 
parameters.  In addition to flow-model sensitivity to extraction well pumping and recharge, transport models 
normally are sensitive to Kd and possibly dispersivity.  Two simulations that applied the 95% confidence 
limits of Kd, 9.19 mL/g and 18.88 mL/g, to the overburden indicated that lower Kd expectedly promotes more 
transport, whereas the higher Kd retards plume migration (see Figures 7-17 and 7-18).  An additional 
transport simulation without soil portioning (Kd=0) estimated the current plume would fully transport and 
discharge to the riverine system within 50 years.  The Building G-1 area plume would transport both directly 
towards the river (with some transverse dispersion), and partially through the Chemical Solvents’ property en 
route to the river.  Since we do not observe large plumes undergoing significant transport, this simulation 
was not graphically presented.  The Building G-1 plume discharged southeasterly towards the Cuyahoga 
River between wells DM-28R and IA04-TW0004, with lesser amounts towards DM-27R.  The extent and 
apparent flowpath of lithium in Figure 6-39 (with an origin near G-1) validates the predictive ability of the 
coupled MODFLOW/MT3DMS model created for these RI and future FS analyses. 
 
The low Kd simulation (Kd=9.19 mL/g) estimates the Building G-1 area uranium plume does not reach the 
river at concentrations greater than 24 µg/L (site PRG for 4 mR/yr dose) in the 1,000-yr performance period, 
although above-background concentrations (>6.84 µg/L) enter the river at 900 years.  The higher Kd scenario 
(Kd =18.88 mL/g) calculates a plume that does not contact the river, and is still in transport in IA04 at the end 
of the 1000-yr performance period.  The comparison of plume-transport scenarios indicates the river will 
eventually receive plume discharge beyond the performance period.  Consequently, the average Kd value of 
14.03 mL/g estimates a plume migration pathway for the 1,000-year performance period that is conservative 
and accounts for site-specific advection, dispersion and sorption conditions. 
 
The use of transverse dispersivity values that are 1.0x the longitudinal dispersivity in the overburden and 
0.8x for the bedrock reflect the current U-plume distributions near in IA03 and IA04, which appear broad 
and under little longitudinal transport stress, especially considering the potential age of the plumes (40- to 
50-years old) and geochemical conditions near G-1.  Although these transverse dispersivities appear high 
(i.e., at or near longitudinal values), the most significant transport governing variable is Kd and secondly K 
in the flow model.  A simulation using transverse dispersivities at 0.1x the longitudinal values for each layer 
did not show transverse dispersivity as a sensitivity input.  A lessening of current transverse dispersivities 
will incorporated into the FS-use model, if new (post-RI) data drive updates to the conceptual site model. 
 
7.2.13  Application of Modeling Results to FS Alternative Evaluations 
 
Initial contaminant conditions in the model used the contaminant distributions primarily derived from the 
August 2004 sampling round, the migration of which was assessed for 1,000 yrs.  The development of FS 
alternatives for soil contamination at the Former Harshaw Chemical Site may include a groundwater-
contamination impact section as part of each site remediation alternative. 
 
The application of the groundwater model to evaluate FS alternatives will be updated, if necessary, to 
account for three new well installations in both IA03 and IA04.  Groundwater potentials and sampling results 
will be used to support a level-of-evidence determination of the effects that G-1 area drains have on 
groundwater flow and possibly transport.  Shallow drains ranging from 4 to 6 feet deep under and near the 
primary HCC complexes deepen as they coalesce towards the river as gravity outfalls (see Figure 3-20).  The 
depth to groundwater in areas near the G-1 building indicates that some of the floor drains will contact 
groundwater below the plant due to a bedrock high and associated heightened groundwater table.  Once 
beyond the perimeter of the G-1 building (to the east), the groundwater levels slope more deeply than 
coincident utilities, thereby separating the utilities from groundwater table throughout most of IA04 (or 
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between IA03 and the Cuyahoga River).  The Cuyahoga River outfall on Figure 3-20 appears to flow 
perennially where it daylights from the bank; the outfall is about 8-10 feet below grade. 
 
One of two planned wells was installed by G-1 to better investigate potential influences of shallow drains on 
groundwater, although a buried concrete tank cradle prohibited the installation of the second well.  Two more 
wells were installed along the drain line leading to the Cuyahoga River in order to evaluate whether the line 
is a sink in the groundwater system.  In addition, sampling of the Cuyahoga outfall discharge occurred to 
determine whether it reflects surface water or groundwater sources.  The antecedent conditions were very dry 
for nearly 30 days and thus should not reflect any legacy storm water.  The on-site pump and treat system 
also was not running at the time of sampling. 
 
The intent is to define whether the drain lines are collecting groundwater near the G-1 building and 
transporting it to the river or if it is collecting downgradient water and acting as a far-afield sink.  The 
combined hydrologic and analytical data will be used to determine potential utility influences on the 
groundwater system.  The model will be updated for FS use pending the results and conclusions of these 
observed conditions. 
  
Any potential update, recalibration, and predictive scenarios will be documented in the FS; FS-scenario 
analyses will then be analyzed by the updated model (or the current version if the conceptual site model is 
not altered based on new data). 
 
In addition, the FS will contain a transport model update to predict the fate of lithium in groundwater using 
site soil and groundwater data.  Lithium source-terms (from soil media) and existing plume transport will be 
assessed and included into a site-wide or exposure-unit based remedial alternative matrix. 
 
7.2.14  Alternative Evaluation Screening 
 
Modeling efforts to predict the migration of contaminants through the soil and groundwater at the Former 
Harshaw Chemical Site included a phased approach that drew from several modeling sources:  recharge 
ranges to groundwater was bracketed by the HELP model; leaching from contaminated soil was simulated 
using SESOIL; and the MODFLOW/MODPATH/MT3DMS models evaluated site groundwater conditions 
and COI migration.  In addition, geochemical modeling using MINTEQA2 was used to identify speciation, 
solubility, and mobility characteristics for uranium in support of groundwater transport calculations.    
 
The future site conditions that will be evaluated in the FS can use modifications of these models to best 
evaluate the results of site remedial measures to achieve soil and groundwater cleanup goals for the 
MED/AEC-related COIs.  The modeling efforts also will predict whether risk-based and/or applicable or 
relevant and appropriate requirements (ARAR)-based compliance criteria can be met under FS alternatives 
and associated remedial action objectives. 
 
7.3   SUMMARY 
 
The groundwater flow and transport model developed for the Former Harshaw Chemical Site FUSRAP site 
is based on site-specific input data with literature values providing input where site data gaps are present.  A 
recharge season groundwater condition (high water) was used for calibration targets to ensure all transport 
pathways are included in the model; this will ensure that potentially “seasonal dry” areas are allowed to 
transmit contaminants in the model at all times for conservation.  The layering and boundaries are based on 
site data and assumed conditions common to similar hydrologic settings (alluvial valley-fill water-bearing 
zones). 
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The calibration was performed using the PEST module of GMS, the results of which were manually 
modified where necessary to create a best representation of the site hydrogeology and meet calibration 
targets.  The recharge ranges derived from HELP modeling were input to the PEST module as pilot points, 
and assigned values in accordance with land-use (HELP scenarios A or B).  PEST performed systematic data 
changes to produce an interpolated recharge distribution that best represents site conditions and allows the 
observed heads to be accurately simulated.  Other PEST input included riverbed conductance, sewer-line 
well discharges, and hydraulic conductivity of two bedrock zones, all of which were allowed to vary within 
specified ranges to create a stable calibration to observed water levels.  The initial hydraulic conductivity 
field of the overburden layer was not altered during the PEST process (i.e., held deterministic). 
 
The calibrated condition was used as the basis for the particle-tracking and contaminant transport models that 
were used to predict flow pathways and contaminant fate.  The pathway analysis indicates that the sewer-line 
groundwater extraction system is a sink for upgradient and on-site groundwater west of Building G-1, 
whereas the Cuyahoga River is the primary groundwater sink in the overall model.  The sewer-line sink 
influences the western site area and the western half of the Building G-1 area; the Cuyahoga River and Big 
Creek receive groundwater from the balance of the site.  The particle tracking also shows that groundwater 
travel times vary throughout the site and generally require about 5 years to flow advectively from the 
Building G-1 area to surface waters; these simulated particles flow without any soil sorption or retardation.  
This value is supported by the adsorption-free (Kd=0) transport simulation that estimates an 8 to 10 year 
travel time from the southeastern edge of Building G-1 to the Cuyahoga River. 
 
The contaminant transport analyses indicate that the uranium plume near Building G-1 will migrate towards 
the Cuyahoga River within the performance period and apparently will not impact the river with above-
background uranium concentrations - although concentrations greater than background and site-specific 
PRGs will persist within the plume west of the river.  The transport uncertainty analysis indicates that above-
background uranium concentrations from the Building G-1 plume may impact the river in approximately 900 
years under the low-Kd transport scenario; although the low-Kd scenario still restrained the discharge of 
uranium to the river to concentrations below the site-specific PRGs.  Soil contamination leaching uranium to 
already high concentrations in groundwater allows for plumes to persist beyond the 1,000-year performance 
period within the site boundaries.  The highly retarded thorium below G-1 will likely be static due to the very 
high Kd values normally associated with that element (i.e., average of 5,884 L/kg in NUREG-6697, 
Appendix C), and thus will be maintained near the G-1 complex throughout the performance period.  The 
lithium distribution indicates the plume developed in the G-1 area (based on soil sampling results from Phase 
I of the RI) and has transported fully to the Cuyahoga River.  This is not an unexpected condition since 
lithium Kd values can be below 1.0; the lithium distribution (i.e., transport path) provides verification of the 
numerical transport model, which predicts that G-1 area contaminants will flow to the Cuyahoga River if not 
attenuated in the soil. 
 
Current site operations do not use local groundwater for drinking or industrial processes.  The water-bearing 
zone below the site varies in production (i.e., well yields) and municipal water supplies are in place (and 
available for expansion), thus precluding the need for site groundwater use.  Future subsistence uses of 
groundwater are unlikely since the Cuyahoga River and Big Creek provide readily accessible and usable 
process and drinking water with treatment.  The State of Ohio qualifies (by default) all groundwater as a 
resource for drinking water, and maintains a Voluntary Action Program (Brownfield-like program) that has 
an Urban Water Classification process (Rule 10), which may not be applicable to this FUSRAP site, but 
possibly relevant and appropriate.  In addition, the site groundwater is undergoing an interim remedial 
measure to control the seepage of nickel-laden water into a sanitary sewer, which also precludes site 
groundwater use for operations or consumption.  The probability for future consumption is low, and site 
remedial action objectives (to be finalized in the FS) for soil will be protective of groundwater. 
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The groundwater models presented herein will be used as predictive tools during the FS process to evaluate 
source-term controls (soil cleanup) and their potential impact on COI concentrations in groundwater.  



 

8.   BASELINE RISK ASSESSMENT 
 
8.1   INTRODUCTION  
 
The BRA is a major element of the RI being performed at the Former Harshaw Chemical Site under the 
FUSRAP. The purpose of the BRA is to provide an analysis of the risks to human health and the 
environment associated with past MED/AEC activities at the site if no FUSRAP remediation were to occur.  
This BRA consists of three components.  The first component (provided in Section 8.2) is an evaluation of 
the risks to human health from radioactive and chemical constituents remaining in environmental media at 
the site as a result of on-site MED/AEC activities.  This evaluation is referred to as the HHRA.  The second 
component (provided in Section 8.3) is an evaluation of the human health risks associated with exposures to 
radiological contamination remaining with the buildings at the site.  Note that although the risks and doses 
for environmental media and buildings are evaluated separately, both evaluations include exposures for 
different types of workers.  These workers can be exposed to both environmental and non-environmental 
media, and if this were to occur, the cancer risks and radiation doses associated with both types of exposures 
can be combined to give the total impact.  The third component is the SLERA, which addresses the risks to 
ecological receptors from FUSRAP-related contamination in environmental media.  The SLERA is in 
Section 8.4. 
 
8.2   HUMAN HEALTH RISK ASSESSMENT 
 
The HHRA for the FUSRAP project began with an evaluation of both chemical and radiological FUSRAP-
related COIs.  The COIs were subjected to a step-wise selection process (Figures 8-1 and 8-2) for 
determining COPCs.  Only COPCs were evaluated further in the risk assessment. 
 
Specific objectives of the HHRA are as follows: 
 
• Estimate potential human health risks associated with exposures to COPCs at the site if no remedial 

action under FUSRAP occurs, which can be used in a FS to evaluate risk reduction for the various 
remedial action alternatives; 

• Identify locations that pose no unacceptable risks to human health, and thus require no further action 
under FUSRAP; 

• Develop a list of the COCs at the site (a subset of COPCs) that contribute significantly to unacceptable 
risks to human health; and 

• Develop risk-based concentrations for the COCs to provide a basis of PRGs for use in the evaluation of 
FUSRAP remedial action in a FS.  This will focus future remedy selection on COCs that are the 
significant contributors to human health risks. 

 
The results of the HHRA will be used in conjunction with ARARs and other regulations that are necessary 
“to be considered” in order to determine the need for remedial action at the site.  The results of these 
evaluations will be presented in the FS.  The HHRA was conducted according to the methodology presented 
by the USEPA in the Risk Assessment Guidance for Superfund (RAGS) (USEPA 1989b) and other guidance 
documents issued by the USEPA, USACE, and the State of Ohio, and evaluates risks associated with 
exposures to FUSRAP COPCs in all environmental media at the site. 
 
The analyses in the HHRA are largely based on modeling results for exposures to representative receptors 
that may come into contact with COPCs at the site.  The risk estimates are not based on observed impacts to 
actual people at the site, nor are they based on measured levels of various constituents within the tissues of 
these potential receptors.  The risk estimates were developed using mathematical models as opposed to actual 
observed or measured effects.  Therefore, these risk estimates should be used only within the CERCLA 
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framework for which they are intended, and not for any other purpose (such as the development of health 
advisories). 
 
8.2.1  Data Collection and Evaluation 
 
This section describes the data set used for the HHRA and the SLERA.  Details concerning the data set used 
for the building risk assessment are found in Section 8.3.1. 
 
8.2.1.1   Data Collection of Constituents of Interest   
 
The following constituents have been identified as FUSRAP COIs based on historical information 
concerning the activities conducted for the MED and AEC at the Former Harshaw Chemical Site (please see 
Section 2.2).  The COIs identified for the site are the following:   
 

 Metals 
(Phase I) 
(Phase I) 
(Phase I) 
 

 ● Lithium 
● Molybdenum 
● Total Uranium (Chemical) 

 Organics 
(Phase I) 
 

 ● Kerosene 

 Radionuclides 
(Phase I) 
(Phase I) 
(Phase I) 
(Phase I) 
 
(Phase I) 
(Phase I) 
(Phase I) 
(Phase I) 
 
(Phase I) 
(Phase I) 
(Phase I) 
(Phase II) 
(Phase II) 
(Phase II) 
 

 ● Thorium-232 (and daughters): 
• Thorium-232 
• Radium-228 +D 
• Thorium-228 +D 

 
● Uranium-235 (and daughters): 

• Uranium-235 +D 
• Protactinium-231 
• Actinium-227 +D 

 
Uranium-238 (and daughters) 

• Uranium-238 +D 
• Uranium-234 
• Thorium-230 
• Radium-226 +D 
• Lead-210 +D     

 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 

 ● Technetium-99 
● Europium-152 
● Europium-154 
● Uranium-233 
● Uranium-236 
● Plutonium-238 
● Plutonium-239 
● Plutonium-240 
● Plutonium-241 (and daughters): 

• Americium-241 
• Neptunium-237 +D 

● Cesium-137 
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For the radionuclides, the “+D” notation (for plus daughters) indicates the presence of short-lived decay 
products (those with half-lives less than 6 months) that are assumed to be in equilibrium with the longer-
lived parent radionuclide identified in the list above.  This is consistent with the notation used in the HEAST 
(USEPA 1995b) and the RESRAD computer code (ANL 2001b).  The radionuclides in these three naturally 
occurring decay series are given in Figures 8-3, 8-4 and 8-5, and the “+D” notation indicates the presence of 
short-lived decay products up to the next longer-lived radionuclide.  For example, uranium-235 +D accounts 
for uranium-235 and thorium-231 (see Figure 8-4). 
 
Total uranium is considered both a chemical COI, due to its toxicological properties and as a radiological 
COI, due to carcinogenic properties of the uranium isotopes. For uranium results (excluding chemical 
uranium for water), individual uranium isotopes are not presented; instead, total uranium is presented as 
calculated from gamma spectroscopy analyses (Section 6.0).  For radionuclides not measured directly a 
surrogate was assigned based on the conservative assumption that applicable radionuclides are present in 
equilibrium with their surrogate (Table 8-1).  COIs represented by surrogates include: lead-210 (all 
matrices), thorium-228 (soil and sediment only), and thorium-232 (soil and sediment only).  Because lead-
210 was not measured directly for any matrix during the RI all discussions of lead-210 soil results are 
presented in conjunction with its surrogate (radium-226).  Thorium-228 and thorium-232 were measured 
directly for some matrices, however, the surrogate radium-228 is used where direct measurements are not 
available (soil and sediment only). 
 
Kerosene was identified as a COI at the Former Harshaw Chemical Site because it was used in one of the 
uranium purification steps.  Kerosene is part of the paraffinic fraction of crude oil, and is composed mainly 
of aliphatic hydrocarbons (ATSDR 1999).  The lightest of the paraffinic fractions is naphtha, followed by 
kerosene.  The amount of kerosene in environmental media was estimated by performing laboratory analysis 
for TPH-DRO, utilizing a modification of USEPA method SW 846-8015 B.  This method was designed to 
quantify medium range aliphatic compounds (C8-12 to C24-26).  Please see Section 8.2.7.1 for a 
consideration of aromatic constituents within kerosene. 
 
See Sections 1.3, 1.4, and 2.2 for expanded discussions of this determination of COIs.  The process used to 
collect the data for these COIs is described in Section 3.   
 
8.2.1.2   Data Evaluation 
 
Data evaluation involved gathering, analyzing, and validating the COI data relevant to the BRA.  Section 4.3 
describes how the data were verified for use in the RI.  Only the COIs have been evaluated in the BRA.  
Adequate laboratory analytical data were not available to quantify risks due to exposure to non-FUSRAP 
related constituents.  However, the historical data, as well as XRF data obtained in later phases of 
investigation, do indicate that several heavy metals, such as mercury, lead, and nickel, are present in elevated 
concentrations in areas of the site (See Appendix Table 2A-11).   
 
Environmental data were collected, verified, and validated according to the field sampling plan and QAPP 
(SAIC 2003c), USEPA Contract Laboratory Program (CLP) National Functional Guidelines for Inorganic 
Data Review (USEPA 1999d), and USACE-developed guidelines for radionuclides based on the MARLAP 
Manual (NRC 2004).  Only data collected during the current RI field investigations were used in the BRA.  
Historically available data could not be used in this quantitative risk assessment, as portions of the 
information associated with the data (such as exact location/depth information, laboratory reporting limits or 
method detection limits) were not available.  Only data that met the DQOs were used in the BRA.  
 
During the RI, field duplicate samples were collected and analyzed for use in quality control.  When 
collocated samples were collected as field duplicates, the laboratory reported two results for one sample 

Former Harshaw Chemical Site Page 8-3 
Remedial Investigation Report 
Revision 1  
December 2009 



 

location.  The largest of the two field duplicate analyte concentrations was used as part of the data set for 
developing the exposure point correction (EPC) for use in risk assessment calculations. 
 
8.2.1.3   Choice of Data Sets for Use in the Risk Assessment 
 
Samples were collected from the site and analyzed by several different methods for radiological constituents.  
All of the soil samples collected during phases I and II were analyzed by the on-site BEGe gamma 
spectroscopy laboratory.  A subset of samples was sent off-site for additional evaluation, (i.e., by gamma and 
alpha spectroscopy). 
 
As discussed in Section 4.2.2.1, during Phase I of the investigation, a comparability study was completed to 
verify that the on-site BEGe gamma spectroscopy laboratory results were comparable to off-site gamma 
spectroscopy results.  The results are very comparable, and relative difference calculations provide 
quantifiable value as to their similarity.  Only one result (Am-241) exceeded the 1.96 (95% CF) decision 
factor, indicating that the results differ; the normalized absolute difference in the two results was 2.10 in this 
case.  The normalized absolute difference for uranium, the primary radioactive constituent processed at the 
site, averaged 0.26.  Average normalized absolute difference of 0.13 was obtained for all comparable results 
where activity was observed above the MDC.  These results confirm the accuracy and functionality of the 
on-site BEGe laboratory. 
 
As noted in the conclusion to Section 4.2.2.1, based on the results of the correlation and sample-specific 
comparison of detected on-site and off-site gamma spectroscopy results, the on-site analyses provide 
accurate, defensible, and definitive radiological data suitable for use in the risk assessment.  In addition, due 
to the sheer number of samples analyzed on-site, the on-site data set is much more comprehensive, and gives 
a much more detailed, and complete picture of site contamination.  Therefore, it was determined that the 
results of the on-site gamma spectroscopy analysis would be suitable for use in the risk assessment. 
 
To develop the EPCs for the risk assessment, all of the available data from the various radiochemical 
analyses were considered.  The objective was to use as many sample results as possible, depending on the 
level of confidence provided by a given type of analytical result.  Results of different analyses were chosen 
for the different constituents.  The best available analysis was chosen as the data set for EPC development.  
A few of the radionuclide constituents were only reported for one method, or were not reported at all. 
Therefore, it was necessary to make a number of assumptions to compile EPCs for all environmental media 
considered in the BRA.  This is a common approach for radionuclides in risk assessments.  Table 8-1 
summarizes the data used to develop EPCs for the radionuclides addressed in the BRA.  This is explained in 
more detail as follows. 
 
As shown in Table 8-1, radionuclide data were collected for soil, sediment, surface water, and groundwater.  
Measurements of radioactivity in volumetric samples of the buildings and on building surfaces are 
summarized in Tables 8-2 through 8-5, and discussed in Section 8.3.  The data for environmental media were 
collected at background locations and at on-site locations as described in Section 3.3.  For surface water, data 
were only obtained for total uranium.  For the other three media, data were obtained for many of the 
radionuclides being addressed in the BRA.  Some samples were analyzed by more than one method as 
indicated in Table 8-1.  Where this was done, a decision was made as to which data were more representative 
of actual site conditions; this is indicated as the “first method” in Table 8-1.  For example, when off-site 
gamma spectroscopy results were available for a given sample, those were used preferentially over results 
from the on-site gamma spectroscopy, because the off-site laboratory was able to achieve lower detection 
limits.  
 
No measurements were available for various radionuclides in certain media.  In these cases, a surrogate value 
was used based on the assumption of secular equilibrium between radionuclides (such as for thorium-228 and 

Former Harshaw Chemical Site Page 8-4 
Remedial Investigation Report 
Revision 1  
December 2009 



 

lead-210) or known ratios of radionuclides.  Natural uranium consists of three isotopes (uranium-238, 
uranium-234, and uranium-235) that are present in the ratio of 1.0:1.0:0.046 (Shleien 1998).  Since the site 
processed natural uranium ore concentrates and slightly depleted recycled uranium, a decision was made to 
use the measured activity of one of these three isotopes (typically uranium-238), and then the concentrations 
of the other two uranium isotopes found in natural uranium were conservatively obtained using the ratios of 
isotopes in natural uranium.  As indicated in Table 8-1, data are available for all three of these isotopes in 
some media, but not all.  For example, there is very little data for uranium-234 in soil which was determined 
using alpha spectroscopy.  Because the site processed natural and slightly depleted recycled uranium, the 
uranium-234 EPC was generally determined by assuming equilibrium with uranium-238.  This is a 
conservative approach for depleted uranium that may slightly overestimate the amount of uranium-234 
activity at the site.  This is a reasonable approach to use in assessing risks from the three main uranium 
isotopes present on-site (See also Section 8.2.7.1). 
 
As indicated in Table 8-1, measured values for uranium-235 were used for on-site environmental media.  
Since measured values were not available for background locations, the background concentration of 
uranium-235 was obtained by multiplying the uranium-238 concentration by 0.046 (its relative amount in 
natural uranium).  The background concentrations of actinium-227 and protactinium-231 were taken to be 
equal to that of uranium-235, as would be expected in un-impacted media.  The above-background 
concentrations of these two radionuclides were set equal to zero, because these radionuclides would largely 
have been separated from uranium at the milling site, and would not have been present in the uranium 
concentrates sent to the site. In a comparable manner, these two radionuclides would not be present in 
recycled uranium. 
 
The only results reported for radium-226 are from on-site gamma spectroscopy analysis.  When using the 
off-site gamma spectroscopy results for a given sample not analyzed via on-site gamma spectroscopy (i.e., 
background soil samples), the radium-226 concentrations are taken to be equal to the bismuth-214 results 
since bismuth-214 is a short-lived decay product of radium-226 and it is a strong gamma-emitting 
radionuclide.  The concentration of bismuth-214 is equal to that of radium-226 as these two radionuclides are 
in secular equilibrium.  The lead-210 concentrations were taken to be equal to the radium-226 
concentrations, which is a reasonable assumption given its half-life of 22 years and the length of time since 
activities were conducted at the site (more than 50 years).   
 
There are three radionuclides of potential concern in the thorium-232 decay series, all of which can be 
assumed to be in secular equilibrium given their half-lives (the longest half-life of the radionuclides in this 
decay series is 5.8 years for radium-228) and the length of time since MED/AEC activities were conducted at 
the site (more than 50 years).  Where data are available for each of these three radionuclides, these data were 
used in the HHRA.  Otherwise, the concentrations of thorium-232 and thorium-228 were set equal to that of 
radium-228. 
 
Compared to the quantity of data on uranium-238, there is generally less data for thorium-230, as this 
radionuclide was not initially felt to be a major contaminant at the site, based on a review of historical 
information when the initial sampling plan was developed.  The only values that are available for soil are 
from isotopic thorium data obtained by alpha spectroscopy analysis.  These values were obtained during the 
second, third, and fourth phases of the site characterization program by selecting locations having high 
concentrations of uranium-238, and then re-analyzing these samples by alpha spectroscopy for thorium-230. 
In addition, during the third phase of investigation, new soil locations were sampled and analyzed for 
isotopic thorium via alpha spectroscopy.  These were the only data for thorium-230 used in this HHRA (i.e., 
no attempt was made to look at potential surrogate radionuclides because no such surrogate exists).  The final 
two phases of investigation did not find greater thorium-230 activities than what was already found (i.e., 
maximum hits of thorium-230 are from phases I and II) nor did it find thorium-230 in areas evaluated in 
phases III and IV outside the existing uranium contamination footprint.  It appears that although elevated 
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thorium-230 does occur at the site, it is mainly co-located with the extent of uranium contamination on-site.  
The additional thorium-230 data lowered the relative importance of thorium-230 compared to other 
radionuclides in total risk.   
 
Similarly, the data sets for other radionuclides that were only analyzed during phase IV sampling are also 
smaller than the uranium-238 data sets.  These include all of the recycled uranium contaminants listed above, 
with the exception of americium-241 (e.g., technetium-99, europium-152, europium-154, uranium-233, 
uranium-236, plutonium-238, plutonium-239, plutonium-241, neptunium-237).  The limited size of the 
dataset for these recycled uranium radionuclides is not a significant limitation for the BRA given the very 
low reported concentrations for these radionuclides.     
 
The laboratory was unable to analytically resolve plutonium-239 from plutonium-240.  Therefore, all results 
reported as plutonium-239/240 were assigned to plutonium-239.  This is a valid assumption from a risk/dose 
perspective as the slope factors and dose conversion factors are nearly identical for the two isotopes. 
 
Although americium-241 was not thought to be a constituent of interest until the fourth phase of the 
investigation, earlier investigative phases did report gamma spectroscopy results for americium-241.  All 
americium-241 results reported for all phases of the investigation are utilized in the BRA.   
 
There is not any historical documentation indicating that cesium-137 was used for MED/AEC or other 
commercial purposes on-site.  However, elevated cesium-137 was detected via the gamma spectroscopy that 
was used to measure FUSRAP COIs in and around the underground utilities.  Because cesium-137 is 
collocated with the FUSRAP-COIs and could contribute to absorbed radiological doses and radiological 
cancer risks, it is being evaluated in this BRA.  
 
8.2.2  Selection of Constituents of Potential Concern 
 
This section addresses the process that was used to determine which of the COIs (metals, organics, and 
radionuclides) were determined to be COPCs that warranted further evaluation in the HHRA and SLERA.  A 
separate data evaluation was used for the buildings risk assessment, as discussed in Section 8.3.1.  The data 
were grouped according to media and exposure unit (EU), based on data collected during the site 
characterization process.  The COPC selection process involved a comparison to background (Section 
8.2.2.1), a frequency of detection determination (Section 8.2.2.2), and a risk-based screening (Section 
8.2.2.3).  Figure 8-1 is a graphical depiction of the COPC selection process for chemicals, while Figure 8-2 
presents the process used to select radiological COPCs.   
 
The COPC selection criteria discussed below were applied to the detected constituents by EU and by media 
in Table 8-6.  Environmental media sampled during the RI include surface and total soil, surface water, 
sludge/bottom sediments from sewers and drains, river and creek bed sediments, groundwater, and existing 
structures.  All media listed above were evaluated in this HHRA.  For the HHRA, surface soil is defined as 
the 0 to 2 ft bgs interval, and total soil is defined as the 0 to 13 ft bgs interval.  This designation is used 
throughout the HHRA to indicate which data were used for the various analyses.  For example, although the 
text may indicate that the external gamma exposure was from “surface soil,” this does not mean that soil 
below 2 ft would not contribute to this exposure.  This simply defines the data set used to evaluate this 
exposure pathway for the indicated scenario.  Although total soil samples were obtained at depths up to 28 ft 
bgs, the conceptual site model assumes that exposure only occurs to the top 13 ft.   
 
Another consideration for soil exposures (surface and total) is the presence of pavement.  Although pavement 
is present throughout much of the site (Figure 2-1), for the purposes of the HHRA it was assumed that the 
pavement would be removed, and so the presence of pavement was ignored.  
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Table 8-6 provides information on the magnitude of chemical detection at the site and presents the rationale 
for selection of the COPCs.  The same COPCs were utilized for current and future exposures.    
 
A similar process is used to identify ecological COPCs; however, risk-based concentrations developed to 
protect human health were not used to eliminate ecological COPCs from further consideration.  All 
constituents detected above naturally occurring background concentrations were considered in the SLERA 
(see Section 8.4.2).   
 
8.2.2.1   Background Characterization and Comparison  
 
A critical step in assessing site data were to distinguish between constituents that are likely related to past 
MED/AEC activities at the site and those that may be present as naturally occurring or anthropogenic 
background. As part of the RI, samples of various environmental media were collected in the field at 
background or upgradient locations.  The methodology used for sample collection and the rationale for 
sample locations and analyte selection were discussed in Section 3.3. 
 
Background data were obtained for all COIs identified in Section 1.3, from areas that have not been impacted 
by past MED/AEC activities or operations at the site.  When comparing site data on COIs to background data 
for these COIs, it was necessary to recognize two categories of background substances: naturally occurring 
constituents (those not associated with human activities) and anthropogenic (natural and man-made 
substances that arise from human activities not related to site activities).  A statistical method was applied to 
background sample data to develop background screening values. 
 
The constituent-specific 95% UTL, with 95% coverage (hereafter referred to as the 95% UTL) was used to 
identify which COIs detected at the site were present above naturally occurring background levels.  This 
method is recommended in Statistical Analysis of Ground-Water Monitoring Data at RCRA Facilities 
(USEPA 1989c) and in other USEPA guidance.  A UTL is the value that the specified portion (i.e., 95%) of 
the data population will fall below, with a specified level of confidence.  Background was characterized for 
each appropriate analyte and environmental medium.  Background screening values were obtained for soil, 
sediment, surface water, and groundwater; these data were used in both the HHRA and SLERA.  More recent 
guidance recommends statistical comparisons of entire data distributions rather than comparisons to UTLs.  
However, as indicated in the guidance, this procedure was not appropriate for the Former Harshaw Chemical 
Site.  Mainly judgmental (non-random) samples were collected on-site, whereas random samples are 
recommended when comparing data distributions.  The guidance developed by USEPA indicates that the 
methods provided should not be used to compare judgmental site samples with randomly collected 
background values.  Therefore, 95% UTLs were used as background screening values in this BRA. 
 
The calculation of the 95% UTL is dependent on the distribution of each analyte in the background data set.  
The Shapiro-Wilk W statistic was used to determine whether the background data set was most like a normal 
or lognormal distribution (Gilbert 1987).  If the distribution was considered lognormal, logarithmic 
transformed data were used to calculate the UTL; otherwise, untransformed data were used.  Results less 
than the detection limit were set to 1/2 the quantitation limit for all COIs to ensure consistency of evaluation 
for the chemical and radioactive constituents at the site.  However, if there were less than 50% detects, or 
fewer than ten total samples, a UTL was not calculated.  Additionally, sampling data distributions which 
deviate substantially from normal or lognormal can produce a 95% UTL which is greater than the maximum 
detected sample value.  The maximum concentration above the detection limit was used as the background 
screening value if a UTL could not be calculated or for nonparametric distributions. 
 
The equation used to calculate the 95% UTL for analytes with a normal distribution is: 
 

UTL  =  X + k(s) (Eq. 1)
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For lognormal distributions, the equation used to calculate the 95% UTL with logarithmic transformed data 
was: 
 

UTL  =  exp[X  + k(s)] (Eq. 2)
 

where: 
 
X  =  sample arithmetic mean 
k  =  k statistic table-value, dependent on the sample size (Gilbert 1987) 
s  =  sample standard deviation 
exp  =  exponential conversion for lognormal data 
 
The natural variability of site and background groundwater was evaluated by comparison of general 
groundwater quality parameters sampled during different seasons.  The initial sampling period occurred in 
early November 2003, which corresponds to the end of the dry period and beginning of the fall recharge 
period.  A second set of groundwater samples was collected in August 2004 during the normal mid-summer 
dry period.  The datasets were compared using a t-test and F-test, and if appropriate, pooled to develop a 
background dataset that was tested for normality and used to develop UTLs. 
 
The background screening value serves as the criterion for distinguishing if a sample result indicates an 
increase in concentration which may be due to MED/AEC site operations.  Sample data collected from the 
site were compared to the background screening value for each analyte in the background data set.  This 
comparison was done on an EU-specific basis (i.e., data from each exposure unit are compared to the 
background screening value separately from one another) and on a site-wide basis.  Specific analytes that 
were not detected at concentrations greater than the background screening value were considered naturally 
occurring or ubiquitous background contaminants and, therefore, not related to industrial operations at the 
site.  On the other hand, if the concentration of a specific analyte from the environmental samples was 
greater than the background screening value, the sample data were considered above background, and were 
evaluated further.  
 
Table 8-7 presents background screening values developed for each environmental media using the methods 
outlined above.  Chemical constituents were all analyzed by USEPA SW846 methods.  Radionuclides were 
analyzed by several different standard methods.  Since not all radioactive COPCs were measured directly in 
all environmental media, it was necessary to make some assumptions to complete the data set for use in the 
HHRA.  The analytical results used to develop the complete data sets used for EPC development in the 
radiological risk assessment are presented in Table 8-1.  Background soil samples were collected in 
“industrial” areas and “non-industrial” areas.  Both are presented in Table 8-7; however, only background 
screening values based on non-industrial soil samples were used in the background screen.  After comparison 
to the non-industrial background screening values, analytes from site data were placed in the following 
categories: 1) analytes sampled for but never detected, 2) analytes detected, but always at concentrations less 
than background screening values, and 3) analytes detected above non-industrial background screening 
value.  Analytes in the third category are carried forward for further evaluation.  
 
Because of challenges inherent in applying a single statistical tool to data sets that have different 
characteristics, an additional screening step was applied to the data after they are screened against 
background concentrations.  This screening step is referred to as a weight-of-evidence screening; that is, 
multiple types of evidence are considered to determine whether a chemical or radionuclide is site-related or 
naturally occurring.  This screening is applied to chemicals and radionuclides that are not screened out during 
the background screen.  For this BRA, the weight-of-evidence screen was limited to an evaluation of the 
frequency of detection.  This screening technique is discussed in Section 8.2.2.2.  Constituents retained after 
this screen are considered site-related constituents (SRCs). 
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8.2.2.2   Frequency of Detection 
 
Constituents that are detected infrequently (i.e., less then 5%) may be artifacts in the data due to sampling, 
analytical, or other problems and may not be related to site activities or disposal practices (USEPA 1989c).  
Constituents detected in less than 5% of the samples from a given medium and at low concentrations (less 
than 10 times the detection limit) were dropped from further consideration.  Because the background UTL 
represents the 95th percentile of the background data (not the full distribution), there is a statistical probability 
(5%) of observing occasional hits above the UTL that are still within the range of background.  Analytes with 
a low (5% or less) frequency of detection above the background criteria are reviewed to determine if the 
detects are within the background data range or only slightly above the UTL.  If a single detection is greater 
than the UTL, or the chemical was detected at levels only slightly above the background UTL, the 
constituent is not considered a SRC.  In addition, if all detections fall within the background data range, the 
constituent is not considered an SRC. These constituents are not included in the risk assessment.  However, 
they are retained if process knowledge suggested that the data might represent a hot spot. 
 
8.2.2.3   Risk-Based Screening 
 
In addition to the background and weight-of-evidence screens, constituents were screened against risk-based 
values.  The basis for the chemical risk-based screening values selected for this site were the most up to date 
values at the time of drafting this report, (i.e., the September 2008 USEPA Regional  PRGs [USEPA 
2008b]).  For carcinogens, a comparison to the full risk-based screening value was made. For non-
carcinogens, a comparison to 1/10th of the screening value was performed, in order to account for the 
potential presence of multiple non-carcinogenic chemicals in the screen.  The screening value for non-
carcinogens presented in Table 8-6 has been divided by 10 for comparison to the site-related data. 
 
The USEPA Regional Screening Levels table does not present a PRG for kerosene or TPH-DRO.  PRGs for 
kerosene were developed using the RfDo and RfDi presented in the USEPA Region X review (USEPA 
2004d) of the peer reviewed provisional oral reference dose developed in 2002 by the National Center for 
Environmental Assessment (USEPA 2002c).  The derivation of this risk-based screening level is presented in 
Appendix Table 2A-12.   
 
Radionuclide concentrations were screened against dose-based screening levels developed by the United 
States NRC for license decommissioning (NRC 2003).  These screening levels were developed to meet a 
radiation dose limit of 25 mrem/year for unrestricted release of a site.  These are the same as the preliminary 
action levels identified as part of the Phase II field sampling plan (SAIC 2003b). Additionally, background 
concentrations of site-related radiological constituents can produce risks that exceed the upper end of the 
USEPA target risk range of 10-4, and exposures to radionuclides are typically considered relative to net (i.e., 
above background) concentrations.  Only radiological SRCs with concentrations above dose-based PRGs 
were, therefore, carried forward in the risk calculations. 
 
Some radionuclide constituents (such as radium-228) and others associated with recycled uranium 
contamination (such as neptunium-237, uranium-233, and uranium-236) lack an NRC screening level.  
Screening levels were estimated for these radionuclides by taking a ratio of the ingestion dose conversion 
factor (DCF) for the radionuclide to the ingestion DCF for uranium-238, and then dividing the uranium-238 
NRC screening value by that ratio (USACE 2007, Table 15). 
 
For radionuclide SRCs, the background and the risk-based screens are additive (i.e., the maximum detected 
concentration must be above the background value plus the dose-based concentration).  For chemical SRCs, 
the 2 screens are concurrent (i.e., the maximum detected concentration must be above both the background 
and risk based values, separately). 
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In addition to the risk and dose-based PRGs, SRCs were also screened against radiological drinking water 
standards promulgated December 8, 2003 (National Primary Drinking Water Regulations - Radionuclides 
Code of Federal Regulations (CFR) Part 141 Federal Register Volume 65, Number 236 [76708-76753]).  
MCLs have been developed for radium, uranium, alpha activity, and beta/gamma activity.  The beta/gamma 
MCL was specifically developed for man-made radionuclides and may not be appropriate for use for the 
naturally occurring radionuclides at the Former Harshaw Chemical Site.  These occur in relatively long 
decay series headed by long-lived parents.  In addition, these beta/gamma radionuclides coexist in these 
decay series with a number of alpha-emitting radionuclides, which is a markedly different situation than for 
man-made radionuclides.  As such, this MCL is not considered to be a suitable screening value for this 
assessment. 
 
The SRCs retained after the risk-based screen are considered COPCs.  The COPCs are carried forward into 
the quantitative analysis of the HHRA, which is described in later portions of Section 8.2.  While some risk-
based screening values were not considered appropriate for analysis of SRCs (such as some MCLs), these 
values are useful to identify qualitative COPCs during the weight-of-evidence screen (Figure 8-2).  This 
additional screen ensures that COPCs which fall below risk-based PRGs, but exceed ARARs (such as the 
MCL for total uranium), are carried through the risk assessment process. 
 
Sediment and surface water screening levels were chosen based on protection of ecological receptors (see 
Section 8.4.2). 
 
8.2.2.4   Summary of COPCs 
 
A summary of the chemical COIs that were found above background and screening levels at the site (i.e., 
selected as COPCs), in each of the EUs is presented here (see also Table 8-6).  For purposes of this BRA, the 
site was divided into five soil (terrestrial) EUs (EUs 1 – 5), one aquatic (sediment and surface water) EU (EU 
6), one groundwater EU (EU 7) and one EU comprised of soil, sediment and surface water in the site utilities 
(EU 8).  The description of each of the EUs is found in Section 8.2.3.1 (see Figure 1-2 and 3-20 for a map 
presenting EU boundaries).  Molybdenum is above screening levels in the total soil (0 to 13 ft bgs) at EUs 2 
and 3, as well as in both surface and total soil in EU 5, and in groundwater in EU 7.  Kerosene (TPH-DRO) 
is above background and risk-based screening levels in every medium and exposure unit across the site, with 
the exception of soils in EU 8 (underground utilities).  Lithium was above screening levels and background 
in EU’s 1, 2 (total soil only), 3, 7, and 8.   Uranium was selected as a COPC in all terrestrial EUs, except EU 
4, as well as the aquatic EU 7.  Kerosene was the only chemical COPC (human health) to be identified in 
EUs 4 and 6. 
 
The radiological COIs that were found above background and screening levels at the site (i.e., selected as 
COPCs) in every terrestrial EU (i.e., EUs 1 – 5) are as follows:  radium-226, lead-210, thorium-230, 
uranium-234, uranium-235, and uranium-238.  Radium-228, thorium-228, and thorium-232 only exceeded 
background and screening levels in EUs 1, 2, 3, and 5.    Actinium-227 and protactinium-231 were 
eliminated for all EUs based on frequency of detection (less than 5%).   Neptunium-237 was identified as a 
COPC in EU 2 based on a single detection (out of 9 results in the surface soils and 11 results in total soils).  
No other recycled uranium contaminant was identified as a COPC because they were detected infrequently 
and at activities below their respective screening levels.  
 
No radiological COPCs were identified in the river or creek sediments in EU 6, although uranium in surface 
water was evaluated for the fish ingestion exposure pathway.   In the groundwater EU (EU 7), lead-210, 
thorium-230, and uranium-234, 235, and 238 were identified as COPCs.  In the utilities EU (EU 8), cesium-
137, thorium-230, uranium-234 and 238 were identified as COPCs.   
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A list of the non-FUSRAP-related constituents which were detected on-site can be found in Appendix 2A, 
Table 2A-11.  These are all the results from the project database that were reported above their respective 
detection limits, and include data collected during the current RI, as well as from the available historical 
records.  Several heavy metals are listed on this table, (antimony, arsenic, cadmium, chromium, copper, lead, 
mercury, nickel, selenium, silver), as well as a few volatile organic compounds (benzene chloroform), and 
PAHs.  The potential risk from these non-COIs is not included in this BRA.   However, a comparison to risk 
based screening levels is provided in this table.  [Slightly older versions of the regional screening values 
(USEPA 2007) are used in Appendix Table 2A-11.] 
 
8.2.3  Exposure Assessment 
 
The exposure assessment evaluates potential risk for all human receptor populations reasonably anticipated 
to be exposed to COPCs.  The exposure assessment was performed in three steps.  First the exposure setting 
was characterized using available site-specific information.  A summary of the exposure setting is presented 
in Section 8.2.3.1.  Second, a CSM, identifying potentially complete exposure pathways between constituent 
sources and potential receptors, was developed.  A detailed discussion of the CSM including site EUs is 
presented in Section 8.2.3.2.  The CSM comprehensively presents all human receptors and exposure 
pathways addressed in this BRA. 
 
In the third step of the exposure assessment, EPCs are developed (see Table 8-6).  In order to quantify 
exposure for each receptor, the EPC is estimated as the 95% upper confidence limit (UCL) of the mean.  The 
95% UCL is a conservative estimate of the mean concentration a receptor may come in contact with over the 
duration of exposure.  If the 95% UCL is found to be greater than the maximum detected concentration for a 
particular COPC, the maximum concentration is used as the EPC rather than the 95% UCL.  Potential risks 
for all COPCs at their respective EPCs are quantified for all identified receptors using high-end or reasonable 
maximum exposure (RME) scenario exposure assumptions.  Receptors whose potential risks exceeded a 
hazard index (HI) of greater than 1.0 or a cancer risk of greater than 10-6 are also to be evaluated using 
median or central tendency exposure (CTE) assumptions.  The general equations used to quantify exposure 
to contaminated media at the site are presented in Section 8.2.3.4.1. 
 
8.2.3.1   Characterization of Exposure Setting 
 
For the purpose of estimating risks, the site was divided into separate EUs, which are areas over which a 
receptor is likely to average his or her exposure.  EUs for the site were defined based on data that were 
collected on-site and off-site, on observed or assumed patterns of behavior, and on conformity for use in the 
HHRA and SLERA.  The EUs correspond to individual or groupings of IAs.  Buildings are present in two 
IAs (IA01 and IA02), and exposures associated with these buildings are addressed separately in Section 8.3. 
 
The EUs considered here are limited to environmental media, including media in IA01 and IA02.  The 
environmental media EUs identified for the Former Harshaw Chemical Site include: 
 
• EU 1 – Surface and total soil underneath Building G-1 (IA01) and surrounding surface and total soil 

(IA03); 
• EU 2 – Northside Complex Surface and Total Soil (IA04); 
• EU 3 – Southside Complex Surface and Total Soil (IA05); 
• EU 4 – Eastside Surface and Total Soil (IA06); 
• EU 5 – Westside Surface and Total Soil (IA07); 
• EU 6 – Sediment and surface water (IA08) in the Cuyahoga River and Big Creek stretches adjacent to 

site;  
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• EU 7 – Groundwater within the unconsolidated aquifer, north of Big Creek/west of the Cuyahoga River 
(IA10); and 

• EU 8 – Surface water, sediments, and soils associated with sewers and drains (IA09). 
 
These EUs are presented on Figure 1-2.  The underground utilities (sewers and drains) are depicted in Figure 
3-20.     
 
For the assessment of cumulative risk, risks due to exposure to groundwater (EU 7) will be summed with 
risks due to exposure to other media with the EUs.  For example, it is assumed that a future resident in EU 5 
will be exposed to COPCs present in soil, surface water, sediment and groundwater.  
 
The EUs represent different types of exposures for both human and ecological receptors.  The same EU 
designations were used for both the HHRA and the SLERA, except that EU 8 (IA09) was not evaluated in 
the SLERA, as there is assumed to be no direct exposure to ecological receptors in the underground utilities.  
Exposure and risk from discharges of the utilities to other media are captured in the risk characterization of 
the other terrestrial and aquatic exposure units.  The following descriptions summarize general knowledge 
about the EUs, as it pertains to human exposure.  Section 8.4.2.1 expands upon this description, by including 
a consideration of habitat available for ecological receptors.    
 
8.2.3.1.1   EU 1 - Soil in the Vicinity of Building G-1 
 
EU 1 contains the soil adjacent to Building G-1 (EU 1) and extends northward across the rail spur, and is 
approximately 4.4 ha (10.8 acres) in size.  This EU also includes soil beneath Building G-1, and is north of 
Harvard Avenue where the greatest extent of radiological contamination is known to exist.  Much of the EU 
1 area is paved or covered with degraded pavement.  Potential sources of contamination adjacent to the 
building include process spillage and airborne emissions during radiological operations.  The area across the 
rail spur was likely impacted by contaminant migration from vehicular traffic, and by possible filling of the 
area using soil with elevated radiological contaminant levels. 
 
8.2.3.1.2   EU 2 - Other Northside Complex Soil 
 
EU 2, which is approximately 5.6 ha (13.9 acres) in size, includes the area north of Harvard Avenue and west 
of the Cuyahoga River that was previously part of the Former Harshaw Chemical Site.  EU 2 contains paved 
roads and parking areas, and areas where industrial activities are currently occurring.  Previous investigations 
performed in this area did not provide conclusive evidence of general elevated radiological levels, but did 
show localized elevated levels.  Chemical and radiological contamination in this area would likely have been 
a result of storage, process, and fill operations. 
 
8.2.3.1.3   EU 3 - Southside Complex Soil 
 
EU 3 contains soil located south of Harvard Avenue, bounded by the Cuyahoga River to the west and Big 
Creek to the south and west.  EU 3 is approximately 2.2 ha (5.4 acres) in size.  EU 3 is mostly paved, and is 
currently fenced, although no work activities are ongoing in this area of the site.  Previous characterization 
efforts have revealed elevated levels of radiological contaminants along the banks of both tributaries.  These 
elevated levels are believed to have resulted from fill activities performed along the banks, as well as 
possible storage and process operations in conjunction with a laboratory that was previously demolished in 
this area. 
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8.2.3.1.4   EU 4 - Eastside Soil 
 
EU 4 contains the soil located just north of Harvard Avenue and east of the Cuyahoga River, and is 
approximately 2.2 ha (5.4 acres) in size.  Historical photographs show evidence of extensive fill activities in 
this area, but no process or storage operations.  EU 4 is an undeveloped area that is almost entirely low-lying 
riparian woods along the banks of the Cuyahoga River.  EU 4 represents a unique habitat.  It is on the eastern 
side of the Cuyahoga River, while the other soil-based EUs are on the western side of the river. The area is 
approximately 75% wooded.  The landscape of EU 4 is at a lower elevation than the other EUs.  Occasional 
flooding occurs on EU 4, but individual flooding events last only a few days.  Cumulatively, flooding is 
estimated at 10% of the year based on 2003 (a wet year) field observations.  Field observations indicate 
flooding is usually limited to the area within 100 ft of the riverbank.  Approximately 70% of EU 4 is located 
within the 100-year floodplain.  While sediment may be deposited on the forest floor, it soon dries and 
becomes dry sediment or soil for the majority of the year.  Thus, exposure in EU 4 is dominated by the soil in 
this land-based EU. 
 
8.2.3.1.5   EU 5 - Westside Soil 
 
EU 5 consists of the soil along the west side of the railroad, south of Harvard Avenue, east of Jennings Road, 
and north of Bradley Road.  EU 5 is approximately 7.7 ha (19 acres) in size and is currently used for 
industrial activities.  EU 5 contains industrial areas as well as landfills and undeveloped areas.  Historical 
evidence suggests that fill activities (both disposal and grading) were performed in several distinct areas 
along this corridor.  Historical photographs show fill activities occurring just south of Harvard Avenue along 
the north and south banks of Big Creek and probable disposal activities occurring in the middle and southern 
portions of this EU. 
 
Approximately 50% of EU 5 is paved or maintained turf grass.  The remainder includes a wooded area (20%) 
and a shrub/scrub (20%) area which is at a distinctly lower elevation (6 ft) than the rest of the site. This 
landscape change is likely due to construction fill.  Riparian habitat occurs along both banks of the Big Creek 
in the northern part of EU 5.   
 
8.2.3.1.6   EU 6  – Sediment and Surface Soil 
 
EU 6 contains portions of the Cuyahoga River and Big Creek that run alongside the site.  The overall flow 
direction of the Cuyahoga River is generally from south to north.  At the Former Harshaw Chemical Site, 
which is between approximately river mile (RM) 7.0 and RM 7.7, the Cuyahoga River is approximately 25 to 
45 m (80 to 150 ft) wide.  Big Creek enters the Cuyahoga River from the west.  Most of the site is very flat; 
therefore, it would be difficult to precisely determine the locations of the drainage divides that separate the 
various tributary areas.  For this BRA, sediments were operationally defined as being in the river and the 
creek. 
 
8.2.3.1.7   EU 7 – Groundwater 
 
EU 7 consists of groundwater within the unconsolidated aquifer north of Big Creek and west of the 
Cuyahoga River.  EU 7 is not currently used by industrial workers; however, contact with groundwater may 
occur under future uses, including non-industrial scenarios. 
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8.2.3.1.8   EU 8 – Sewers and Drains 
 
As noted in Section 3.6.3.1, IA09 includes the network of on-site sanitary and storm sewers and associated 
outfalls located along the west and north banks of the Cuyahoga River and Big Creek, respectively (Figure 3-
20).  Environmental media associated with IA09 include surface water and sediment located within the lines 
and at outfalls, and soil backfill material associated with the sewer lines on-site.  It is assumed that during 
future potential redevelopment of the site, construction workers could come into contact with media 
associated with these sewers and outfalls.  The construction worker is the only receptor that is assumed to 
have exposure to EU 8. 
 
8.2.3.2   Conceptual Site Model  
 
The CSM helps identify and visually organize potential exposure pathways and receptors and identifies those 
pathways which are complete and could lead to exposures to the COPCs at the site.  The elements of the 
CSM are: 
 
• Sources of contamination (historical site operations); 
• Potential release mechanisms; 
• Exposure media (e.g., air, soil, food, surface water, sediment, groundwater and building surfaces); 
• Exposure routes (e.g., ingestion, inhalation, dermal contact); and 
• Potential receptors. 
 
Receptors may be exposed to constituents by contact with site media or as the result of contaminant 
migration away from the source into other media.  The source media for the Former Harshaw Chemical Site 
include surface and total soil and buildings.  For purposes of this BRA, the data used for developing the 
EPCs for the surface soil interval includes all samples taken within the top 2 ft of ground surface, while the 
EPCs for total soil includes all samples taken from the surface down to 13 ft bgs. 
 
It is probable that initial constituent releases at some locations of the site were restricted to surface soil, with 
various transport mechanisms leading to subsequent contamination of other environmental media such as 
groundwater, total soil, utilities, surface water, and sediments.  Specifically, past releases from Building G-1 
air stacks may have resulted in contamination of surrounding surface soil.  In addition, deeper soil may have 
been contaminated as well when contaminated soil and wastes were buried, released to sewer system, and/or 
used as fill material on various portions of the site. On-site buildings, especially Building G-1, also may be 
considered source media, and direct contact with building surfaces may continue as an exposure pathway.  
Exposures to building material are discussed in Section 8.3.  Figure 8-6 is a pictorial CSM for the site 
showing source media, transport mechanisms, exposure media, exposure routes and potential human 
receptors. 
 
Exposure pathways that include constituent migration from a source medium (buildings, surface soil) to a 
secondary medium (air, total soil, food chain, surface water, sediments, or groundwater) resulting in 
exposure to a human receptor are referred to as indirect contact pathways.  Constituent transport mechanisms 
can potentially include the following as well as others: 
 
• Release of volatiles or dust with organic substances, radionuclides, or metals into the air; 
• Leaching of constituents from soil to groundwater; 
• Movement of material used as fill around the site; and  
• Release of contaminated soil particulates to stormwater run-off affecting sediments and surface water. 
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8.2.3.3   Current and Potential Future Human Receptors 
 
All of the exposure pathways, receptors, media, and scenarios that were evaluated in the HHRA are 
presented in the CSM.  The HHRA evaluates risks from exposures to both radiological and chemical (non-
radiological) constituents.  Complete exposure pathways were evaluated quantitatively in this assessment and 
were estimated using standard exposure equations and site-specific or standard default parameter values 
identified for various exposure conditions (USEPA 1989b, USEPA 1991b, USEPA 1992b, and USEPA 
1997b).  The equations, parameter values, and references used to calculate chemical risks are presented here.  
These same equations and parameter values were generally used for the radiological constituents, with a few 
minor modifications, that are discussed in Section 8.2.4. 
 
The HHRA evaluates the risk to human receptor populations that are reasonably anticipated to be exposed to 
site-related constituents.  Both current and potential future land-use scenarios were evaluated.  The site is 
currently a combination of inactive industrial properties, open fields and wooded riparian areas.  Under the 
current land-use scenario, on-site receptors include an adult maintenance worker and an adult or adolescent 
trespasser on undeveloped areas of the site or on adjacent properties.  Both the maintenance worker and the 
trespasser receptor may contact contaminated surface soil.  The trespasser may also come into contact with 
contaminated sediment, surface water, and fish.  The maintenance worker may also be exposed to 
contaminated building surfaces.  
 
The site is likely to remain an industrial site, or it may be developed for recreational use in the future.  The 
recreational visitor (future land-use scenario) is assumed to have the same exposure as the trespasser (current 
land-use scenario).  Therefore, industrial worker, maintenance worker, and recreational visitor receptors were 
evaluated as potential future receptors.  Although unlikely, future residential use and farming of the property 
was also evaluated in the HHRA.  Portions of the industrial property are covered by pavement and/or 
buildings.  In some places the pavement is intact, while in other places it has degraded, allowing exposure to 
soil.  Future use would likely include redevelopment of the site, but it is not possible to accurately estimate 
how much pavement would remain and how much would be removed.  Therefore, the BRA conservatively 
assumes that receptors could be exposed to any soil location sampled.  
 
Since future redevelopment of the site would require construction activities, risks to construction workers 
also are evaluated in the HHRA assuming exposures to contaminated soil (surface and total), surface water, 
sediment, utilities, and contaminated building materials.  Figure 8-7 shows potential human receptors 
identified for each EU.  Recreational visitor and maintenance workers were evaluated under current and 
future conditions.  All other receptors were evaluated for potential future exposures. 
 
A description of each human receptor category and the corresponding exposure pathways is presented below. 
 
8.2.3.3.1   Trespasser/Recreational Visitor 
 
Sediment and surface water in the Cuyahoga River and Big Creek stretches adjacent to the site may have 
been impacted by historical site operations.  These water bodies are capable of supporting game fish 
populations; therefore, fish consumption was considered a complete exposure pathway.  It was assumed that 
recreational visitors could be exposed to contaminated surface soil and surface water/sediment while on-site 
and could consume site-impacted game fish.  The Former Harshaw Chemical Site is located in a heavily 
industrialized area, and although deer and other game have been observed within site boundaries, hunting is 
not allowed on the site.  Therefore, chronic exposure due to consumption of game was assumed to be an 
incomplete exposure pathway.  Exposure pathways and parameters for the recreational visitor are the same 
for both current and future land use.  Specifically, exposure pathways for a trespasser/recreational visitor 
include: 
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• Inhalation of vapors in air; 
• Inhalation of fugitive dust from surface soil and dry sediment; 
• Dermal contact with surface soil, surface water, and sediment; 
• Incidental ingestion of surface soil, surface water, and sediment; 
• External gamma exposure to surface soil and dry sediment; and 
• Consumption of site-impacted game fish. 
 
Two age groups were considered, including an adult and a 7-17 year old adolescent.  The age range of 7-17 
years is used to include the 10 year span following a childhood of 0-6 years.  For the purpose of this 
exposure assessment, an individual more than 17 years old is assumed to be an adult.  Both adult and 
adolescent receptors were considered under current and future land-use scenarios (trespasser or recreational 
visitor, respectively). 
 
8.2.3.3.2   Industrial Worker 
 
The site was previously used for industrial operations.  It is assumed that industrial workers could be exposed 
to contaminated surface soil and building materials while on-site.  It is assumed that industrial workers are 
not exposed to surface water or sediments while at work.  Municipal water is supplied to the site, so it is 
unlikely that an on-site industrial worker would come into contact with groundwater.  Specifically, exposure 
pathways for an industrial worker include: 
 
• Inhalation of vapors in air; 
• Inhalation of fugitive dust from surface soil and building materials; 
• Dermal contact with surface soil and building materials; 
• Incidental ingestion of surface soil and building materials; and 
• External gamma exposure from surface soil and building materials. 
 
The industrial worker is assumed to be an adult, and is considered under future land-use scenarios.  One 
potential future use of the site is a museum.  The industrial worker scenario also serves a conservative 
surrogate for museum workers. 
 
8.2.3.3.3   Maintenance Worker 
 
Although the site is not currently used for industrial operations, it is periodically visited by maintenance 
workers who mow grass, maintain the groundwater treatment system, and perform basic maintenance of on-
site buildings.  Maintenance workers are expected to be on-site five days per week.  It is assumed that 
maintenance workers could be exposed to contaminated surface soil and building materials while on-site.  It 
is also assumed that maintenance workers are not exposed to surface water or sediments while at work.  
Specifically, exposure pathways for a maintenance worker include: 
 
• Inhalation of vapors in air; 
• Inhalation of fugitive dust from surface soil and building materials; 
• Dermal contact with surface soil, groundwater (incidental), and building materials; 
• Incidental ingestion of surface soil, groundwater (incidental), and building materials; and 
• External gamma exposure from surface soil and building materials. 
 
The maintenance worker is assumed to be an adult, and is considered under current and future land-use 
scenarios. 
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8.2.3.3.4   Construction Worker 
 
Future land-use scenarios include development of the site for recreational or residential use.  Current site 
infrastructure may require redevelopment involving demolition or construction for future recreational or 
residential use.  Therefore, construction workers represent the first group of receptors that could be exposed 
if the site were to be redeveloped.  It is assumed that construction workers could be exposed to contaminated 
surface soil, subsurface soil (below the top 2 ft), surface water/sediment, the contents of utilities, and 
groundwater while on-site.  Construction workers are expected to have limited (short-term) exposure 
durations.  Specifically, exposure pathways for a construction worker include: 
 
• Inhalation of vapors in air; 
• Inhalation of fugitive dust from surface and subsurface soil and building materials; 
• Dermal contact with surface and subsurface soil, groundwater (incidental), surface water/sediment, 

utility contents (incidental) and building materials; 
• Incidental ingestion of surface and subsurface soil, groundwater, surface water/sediment, utility contents,  

and building materials; and 
• External gamma exposure from surface and subsurface soil and building materials. 
 
The construction worker was assumed to be an adult, and is considered only under future land-use scenarios.   
 
8.2.3.3.5   Resident 
 
Even though the site is located in a heavily industrialized area, future land-use scenarios include the 
development of the site for residential use.  It was assumed that urban residents could be exposed to 
contaminated total soil and surface water/sediment while on-site.  Urban residents are also assumed to 
consume game fish caught in the vicinity.  Groundwater on and near the Former Harshaw Chemical Site is 
not usable or potable due to high turbidity, high nickel concentration, and unsuitable pH.  It is assumed that 
future urban residents are not exposed to groundwater because a municipal source for drinking water is 
available at the site to be supplied to any residential development, and the depth to groundwater (>10 ft) 
indicates that human exposure to surface seepage is unlikely.  In addition, the diet of urban residents assumes 
the consumption of 5% homegrown produce.  Specifically, exposure pathways for an urban resident include: 
 
• Inhalation of fugitive dust from total soil and dry sediment; 
• Dermal contact with total soil and surface water/sediment; 
• Incidental ingestion of total soil, surface water, and, sediment; 
• Ingestion of game fish, home grown produce; and 
• External gamma exposure to total soil and dry sediment. 
 
Two age groups are considered, including an adult and a 0-6 year old child.  Both the adult and child 
residential receptors are considered only under future land-use scenarios.  For the carcinogenic endpoint, 
age-adjusted exposure parameters are used to cover the 30-year exposure duration assumed for the RME 
case, and to account for differences in receptor body weights, skin surface area, ingestion rates, etc.  For the 
non-carcinogenic endpoint, adult and child exposures are calculated separately.    
 
8.2.3.3.6   Subsistence Farmer 
 
An unlikely, but bounding future potential use of the site is farming.  A subsistence farmer receptor was 
chosen to represent the most conservative future land use for the site.  It was assumed that a subsistence 
farmer could be exposed to contaminated total soil and surface water/sediment while on-site.  Farmers were 
assumed to use groundwater as a source of drinking water.  They also consume homegrown produce and 
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game fish caught in the vicinity.  Subsistence farmers are also assumed to consume contaminated beef, milk, 
and poultry produced on-site.  Specifically, exposure pathways for a subsistence farmer include: 
 
• Inhalation of fugitive dust from total soil and dry sediment; 
• Dermal contact with total soil and surface water/sediment; 
• Incidental ingestion of total soil, surface water, and sediment; 
• Ingestion of groundwater (drinking water source); 
• Ingestion of produce, game fish, milk, poultry, beef; and 
• External gamma exposure to total soil and dry sediment. 
 
The subsistence farmer was evaluated using the same age groups as the residential receptor.     
 
8.2.3.4   Quantification of Exposure Point Concentrations and Pathway-Specific Intakes 
 
In order to quantify exposure to each receptor, EPCs, or the estimate of the constituent concentration a 
receptor is likely to come in contact with over the duration of exposure, were calculated.  The EPCs were 
determined from measured concentrations in environmental media (soil, sediment, surface water and 
groundwater), as well as from modeled concentrations in food (game fish, produce, vegetables and grains, 
meat and poultry, and milk).  The EPCs in food were determined by using the concentrations measured in 
environmental media, and then modeling the partitioning of the constituents into the food.  For all media, 
EPCs were calculated on an EU-specific basis. 
 
8.2.3.4.1   Quantification of Exposure Point Concentrations in Environmental Media 
 
This section describes how the measured environmental concentrations were evaluated for determination of 
EPCs.  The determination of EPCs for environmental media was conducted the same way for both chemical 
and radiological COPCs.  Prior to the calculations, non-detects are replaced by one half the detection limit 
and the distribution of the data set is determined.  The distribution of each data set was tested for normality 
using the Shapiro-Wilk W test.  For both the CTE and the RME scenarios, the 95% UCL of the arithmetic 
mean is calculated according to the guidance provided in Calculating Upper Confidence Limits for Exposure 
Point Concentrations at Hazardous Waste Sites (USEPA 2002a) and used as the EPC for direct exposures to 
soil, surface water, sediment, and groundwater.  Additionally, if the data set of a constituent has a 
distribution that is neither normal nor lognormal, one of the non-parametric methods (Chebyshev Inequality, 
Central Limit Theorem) cited in the guidance was used to determine the EPC.  The equations used to 
calculate the UCL for normal and lognormal data sets are presented below. 
 
The UCL of the arithmetic mean for a normal distribution is calculated as follows: 
 

UCL  =  X + t (s/n1/2) (Eq. 3)
 

where: 
 
UCL   =  upper confidence limit 
X = mean of data results 
t = Student t statistic (Gilbert 1987) 
s = standard deviation 
n = number of data 
 
The UCL of the arithmetic mean for a lognormal distribution is calculated as follows: 
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UCL  =  exp[X + 0.5s2+sH/((n-1)1/2)] (Eq. 4)

(Eq. 5)

 
where: 
 
UCL =   upper confidence limit 
exp =   exponential constant  
X =   mean of data results 
s =   standard deviation 
H =   H statistic (Gilbert 1987) 
n =   number of data 
 
The environmental EPCs are presented in Table 8-6.  A summary of the radiological EPCs for use in the dose 
assessment are found in Table 8-8. 
 
With the exception of groundwater, current and future EPCs are the same.  The current groundwater 
concentration is based on measured values, and the future concentration was estimated using groundwater 
modeling techniques.   
 
8.2.3.4.2   Quantification of Exposure Point Concentrations in Food 
 
The following section presents the estimation of concentrations of COPCs in food.  There are no direct 
measurements of constituent concentrations in any food which might be hypothetically grown and consumed 
on or near the Former Harshaw Chemical Site (including in game fish in the Cuyahoga River or Big Creek 
adjacent to the site); therefore, these concentrations are estimated.   
 
For the concentrations of COPCs in game fish, the radiological EPCs were determined in exactly the same 
manner as for the chemical EPCs, with adjustments made for units of radioactivity.  The radiological risk 
characterization for exposure to game fish was performed using spreadsheet calculations, as was performed 
for chemical COPCs.  However, for the concentrations of COPCs in other food (produce, animal forage, 
beef, and dairy), the equations presented below are specific for chemicals.  The radiological risk 
characterization for exposure to these foods was performed using RESRAD.  The calculations that the 
RESRAD program used to determine concentrations in food are analogous to those presented here for 
chemicals, with some minor differences (ANL 2001a).  The greatest difference between estimation of 
chemical and radiological concentrations in food (produce, meat, poultry, milk) is that RESRAD also 
includes consideration of plant (and subsequent meat, poultry, and milk) uptake via contaminated irrigation 
water.  This pathway is not considered for chemicals, whereby it is assumed that the plants become 
contaminated directly through contaminated soil exposure only. 
 
Chemical Concentrations in Game Fish 
 
The following equation (USEPA 1998c) is used to calculate the concentration of a COPC in game fish.  The 
equation for all constituents is: 
 

Cfish  =  Cdw x BCFfish 
 

where: 
 
Cfish =  concentration of contaminant in fish (mg/kg fish tissue)  
Cdw =  dissolved phase water concentration (mg/L, chemical and site specific) 
BCFfish =  bioconcentration factor for contaminant in fish (chemical-specific, unitless)  
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The same equation is used for radioactive COPCs, except that the concentration units for Cfish and Cdw are 
pCi/g and pCi/L, respectively.  This equation provides the concentration of the contaminant in fish tissue 
based on the concentration of the COPCs in water.   
 
The COPC concentration in the dissolved water phase is calculated by using the following equation (USEPA 
1998c). 
 
 Cw  (Eq. 6)
 

Cdw       = 
1 + Kdsw x TSS x 1x10-6   

 
where: 
 
Cdw  =  dissolved phase water concentration (mg/L, chemical and site specific)  
Cw  =  measure total water concentration (mg/L) 
Kdsw =  suspended sediments/surface water partition coefficient (L/kg, chemical specific) 
TSS =  total suspended solids concentration (mg/L), site specific; if not available, 10 mg/L 
  cited by USEPA was used 
As for the previous equation, the units need to be adjusted for the radioactive COPCs. 
 
Home-Grown Produce and Animal Forage 
 
Chemical concentrations in homegrown produce and forage for animals are calculated using factors for 
uptake from soil into the edible portion of plants.  The soil EPC is used as the starting concentration for 
estimating chemical concentration in produce and forage.  For the chemicals and conditions at this site, root 
uptake is expected to be the primary mechanism for transfer of soil contaminants to plants.   
 
According to USEPA (1999a), the wet weight plant concentration due to root uptake (Pr) is estimated as: 
 

Pr = Cs x BCFr x 0.12 (Eq. 7)

(Eq. 8)

 
where: 
 
Pr = wet weight plant concentration due to root uptake (mg/kg soil) 
Cs  =  dry weight concentration of contaminant in soil (mg/kg soil) 
BCFr =  plant-soil biotransfer factor (unitless)  
0.12    =       dry weight to wet weight conversion factor (unitless) 
 
The USEPA (1999a) ascribes credit for the approach to Travis and Arms (1988). 
 
The concentration in edible portions of plants through root uptake from soil is a function of the chemical 
specific soil concentration and chemical specific plant bioconcentration factors (BCFr).  The BCFr is 
equivalent to the soil-to-plant bioconcentration factor (SPv), used to determine plant uptake in the screening 
ecological risk assessment (see Section 8.4.3.4.1).  The same values are used for home-grown produce. 
 
For the organic COPC kerosene, SPv is calculated using an equation developed by Travis and Arms (1988).  
The equation is: 
 

log(SPv) = 1.588 - 0.578 × log(Kow) 
 
where: 
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SPv  = soil-to-plant bioconcentration factor (kg dry soil/kg plant or g dry soil/g plant) 
Kow = octanol-water partitioning coefficient (L/kg) 
 
Values for log(Kow) are given in Table 8-9. 
 
The SPVs for inorganic COPCs are taken from several sources, including USEPA’s Soil Screening Guidance 
(USEPA 1996c), DOE uptake models (DOE 1998b), USEPA guidance for hazardous waste combustion 
(USEPA 1999c), Washington State Department of Ecology (WSDE) Toxics Cleanup Program Table 749-5 
(WSDE 2002), and Baes et al. (1984) and are provided in Table 8-9.   
 
Chemical concentrations in animal products (beef, poultry, deer, milk) are calculated from chemical 
concentrations in soil and feed, and chemical specific biotransfer factors as shown in the equations below 
(USEPA 1998c).  Chemical concentrations in animal products are only calculated for chemicals with 
log(Kow) values greater than 4.  Generally, there is minimal bioaccumulation at log(Kow) of 4 and below (i.e., 
kerosene). 
 
Beef 
 
The following equation (USEPA 1998c) calculates the concentration of a COPC in beef from cattle that 
ingest contaminated plant and soil material.  The equation is: 
 

Abeef = [(Ff · Qpf  · Pf) + Qssoil(beef) · Cs · Bs] · Babeef · MF (Eq. 9)

(Eq. 10)

 
where: 
 
Abeef = Concentration of COPC in beef (mg/kg). 
Ff = Fraction of forage grown on contaminated soil and ingested by the animal (unitless). 
Qpf = Quantity of forage ingested by the animal per day (kilograms/day [kg/day]); a default value 

of 8.8 kg/day was used for forage by beef cattle (USEPA 1998c). 
Pf = Concentration of COPC in forage ingested by the animal (mg/kg); calculated using the same 

equation as for homegrown produce. 
Qssoil(beef) = Quantity of soil ingested by beef cattle (kg/day); USEPA (1998a) recommends a default 

value 0.5 kg/day.  
Cs = Average soil concentration (mg/kg). 
Bs = Soil bioavailability factor (unitless); USEPA (1998a) recommends a default value of 1. 
Babeef = Biotransfer factor for beef (day/kg). 
MF = Metabolism factor (unitless); (USEPA 1998c) recommends a default value of 1 for the 

chemical COPCs at the site. 
 
This calculation assumes that beef cattle only consume forage grown on contaminated soil (i.e., it is assumed 
that cattle do not also consume silage and grain produced on contaminated soil). 
 
Uptake factors (Babeef) for inorganic chemicals from feed-to-beef are available from Baes et al. (1984).  
Uptake factors (Babeef) for organic chemicals (other than dioxins) from feed-to-beef are calculated using an 
equation developed by Travis and Arms (1988). 
 

log Ba =  –7.6 + log Kow      
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Dairy Products 
 
The following equation (USEPA 1998c) calculates the concentration of a COPC in milk from dairy cattle 
that ingest contaminated plant and soil material.  The equation is: 
 

Amilk = [Ff · Qpf · Pf) = Qssoil(milk) · Cs · Bs] · Bamilk · MF (Eq. 11)

(Eq. 12)

(Eq. 13)

 
 
where: 
 
Amilk = Concentration of COPC in milk (mg/kg).   
Ff = Fraction of forage grown on contaminated soil and ingested by the animal (unitless); USEPA 

(1998a) recommends a default Ff value of 1 for all plant types when site-specific information 
is not available.  

Qpf = Quantity of forage ingested by the animal per day (kg/day); USEPA (1998a) recommends 
that dairy cattle raised by subsistence dairy farmers be evaluated by using default value of 
13.2 kg/day for forage. 

Pf = Concentration of COPC in forage ingested by the animal (mg/kg); calculated using the same 
equation as for homegrown produce. 

Qssoil(milk) = Quantity of soil ingested by the dairy cattle (kg/day); USEPA (1998a) recommends a default 
value of 0.4 kg/day.   

Cs = Average soil concentration (mg/kg).   
Bs = Soil bioavailability factor (unitless); USEPA (1998a) recommends a default value of 1. 
Bamilk = Biotransfer factor for milk (day/kg). 
MF  = Metabolism factor (unitless); USEPA (1998a) recommends a default value of 1 for the 

chemical COPCs at the site. 
 
This calculation assumes that dairy cattle only consume forage grown on contaminated soil (i.e., it is 
assumed that cattle do not also consume silage and grain produced on contaminated soil). 
 
Uptake factors (Bamilk) for inorganic chemicals from feed-to-milk are available from Baes et al. (1984).  
Uptake factors for organic chemicals from feed-to-milk (Bamilk) are calculated using an equation developed 
by Travis and Arms (1988). 
 

log Bamilk = –8.10 + log Kow   
 
Poultry 
 
The following equation (USEPA 1998c) calculates the concentration of a COPC in chicken meat from free-
range chickens that ingest contaminated plant and soil material: 
 

Achicken = (Fgrain · Qpgrain(chicken) · Pgrain = Qssoil(chicken) · Cs · Bs) · Bachicken 
 
where: 
 
Achicken = Concentration of COPC in chicken meat (mg/kg).  
Fgrain = Fraction of grain grown on contaminated soil and ingested by the animal (unitless); 

USEPA (1998a) recommends a default value of 1 for all plant types when site-specific 
information is not available. 
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Qpgrain(chicken) = Quantity of grain ingested by the animal per day (kg/day); the USEPA (1998a) 
recommends that chickens raised by subsistence farmers be evaluated by using a default 
value of 0.2 kg/day for grain. 

Pgrain = Concentration of COPC in grain ingested by the animal (mg/kg); calculated using the 
same equation as for homegrown produce. 

Qssoil(chicken) = Quantity of soil ingested by the chicken (kg/day); the USEPA (1998a) recommends a 
default  value of 0.022 kg/day.   

Cs = Average soil concentration (mg/kg). 
Bs = Soil bioavailability factor (unitless); the USEPA (1998a) recommends a default value of 

1. 
Bachicken = Biotransfer factor for chicken (day/kg). 
 
This calculation assumes that chickens only consume grain grown on contaminated soil. 
 
Uptake factors for poultry (Bachicken) are extrapolated from the beef uptake factors using the ratio of fat in 
chicken vs. beef.  The feed-to-poultry uptake factor can be calculated using a chicken-to-beef fat content 
ratio of 8/17. 
 
8.2.3.5   Pathway-Specific Intakes 
 
The exposure concentrations defined above are used to estimate the intake of each COPC to individual 
receptors via all pathways and media included in the CSM.  Intake is a measure of exposure expressed as the 
concentration of a constituent that has come in contact (e.g., ingestion, inhalation, dermal) with a receptor per 
unit body weight per unit of time (milligram per kilogram day [mg/kg-d]). 
 
In the following text, the equations used to calculate the intakes of chemicals at the site are described.  
Similar equations were used to calculate the intakes of radionuclides.  The only difference between the 
equations used for radionuclides is that the denominator is not present, as the radiological cancer slope 
factors and dose conversion factors are based on the amount of activity taken into the body, independent of 
the body weight of the exposed individual or the time over which this exposure occurs.  That is, the terms 
body weight (BW) and average time (AT) do not apply for radionuclides.  Otherwise, the equations are the 
same.  The radiological intakes were calculated using the RESRAD computer code, which is discussed in 
Section 8.2.4. 
 
The following subsections present the equations used to quantify exposure to the chemical COPCs for 
receptors identified at the site and the intake resulting from the exposure.  The equations presented below are 
taken from RAGS (USEPA 1989b) except where noted otherwise.  Exposure parameters for the RME and 
CTE scenarios are presented in Tables 8-10 and 8-11, respectively. 
 
8.2.3.5.1   Soil and Sediment Exposure Pathways 
 
Incidental ingestion of soil and sediments is estimated using the following equation: 
 

Cs x IRs x CF x EF x ED (Eq. 14) Chemical Daily Intake (mg / kg - d)  = BW x AT  
 
where: 
 
Cs = chemical concentration in soil or sediments (mg/kg) 
IRs = ingestion rate (mg soil or sediment /day) 
CF = conversion factor (10-6 kg/mg) 
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EF = exposure frequency (days/yr) 
ED = exposure duration (years) 
BW = body weight (kg) 
AT = averaging time (days) 
 
The dermal absorbed dose (DAD) from chemicals in soil and sediments may be calculated using Equation 15 
(USEPA 2004d).  However, as noted in Section 8.2.3.5.3, the chemical-specific dermal absorption (ABS) is 
not available for any of the COPCs evaluated in this BRA.  Therefore, the dermal exposure pathway is not 
quantified.  Supporting equations for this pathway are not presented, as they are not used. 
 

Cs x CF x AF x ABS x EF x ED x EV x SA (Eq. 15) Chemical DAD (mg / kg – d) =  BW x AT  
 
where: 
 
DAD = dermal absorbed dose (mg/kg-d) 
Cs = chemical concentration in soil or sediments (mg/kg) 
CF = conversion factor (10-6 kg/mg)  
AF = soil to skin adherence factor (mg/cm2)  
ABS = chemical specific absorption factor (unitless) 
EF = exposure frequency (days/yr) 
ED = exposure duration (years) 
EV = event frequency (1 event/day) 
SA = skin surface area exposed to soil (cm2) 
BW = body weight (kg), and 
AT = averaging time (days)  
 
Inhalation of chemicals in soil or dry sediments is calculated using Equation 16: 
 

Cs x IRa x ET x EF x ED x (VF-1 + PEF-1) (Eq. 16)Chemical Daily Intake (mg / kg – d)  =  BW x AT  
 
where: 
 
Cs = chemical concentration in soil or sediments (mg/kg) 
IRa = inhalation rate (m3/hour) 
ET = exposure time (hours/day) 
EF = exposure frequency (days/yr) 
ED = exposure duration (years) 
VF = volatilization factor (chemical specific, m3/kg) 
PEF = particulate emission factor (EU-specific, m3/kg) 
BW = body weight (kg) 
AT = averaging time (days) 
 
Groundwater and Surface Water Exposure Pathways 
 
Water ingestion (both as a source of drinking water and from incidental ingestion) is estimated for chemicals 
by the following equation: 
 

Cw x IRw x EF x ED  (Eq. 17)Chemical Daily Intake (mg / kg – d)   =  BW x AT   
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where: 
 
Cw = chemical concentration in water (mg/L) 
IRw = ingestion rate (L/day) 
EF = exposure frequency (days/yr) 
ED = exposure duration (years) 
BW = body weight (kg) 
AT = averaging time (days)  
 
Food Pathways 
 
The daily intake rates from consumption of food produced on-site (homegrown produce, beef, poultry, and 
dairy) are estimated using the following equation: 
 

Cf x IRf x FI x EF x ED (Eq. 18)Chemical Intake (mg / kg - d) =   BW x AT  
 
where: 
 
Cf = chemical concentration in food item (produce, meat, or milk, in mg/kg) 
IRf = ingestion rate of food (kg/meal) 
FI = contamination fraction (unitless) 
EF = exposure frequency (meals/yr) 
ED = exposure duration (years) 
BW = body weight (kg) 
AT = averaging time (days) 
 
When calculating chemical concentrations in milk, it was assumed that 1 L of milk weighs 1 kg. 
 
8.2.3.5.2   Game Fish Ingestion 
 
The daily intake rates from consumption of game fish caught near the site are estimated using the following 
Equation 19: 
 

Cf x IRf x FI x (1-PLF) x EF x ED  (Eq. 19)Chemical Intake (mg / kg - d)  = BW x AT   
 
where: 
 
Cf = chemical concentration in fish (mg/kg) 
IRf = ingestion rate of fish (kg/meal) 
FI = fraction ingested from contaminated source (unitless) 
PLF =  preparation loss factor, amount of contaminant lost during preparing/cooking (unitless) 
EF = exposure frequency (meals/yr) 
ED = exposure duration (years) 
BW = body weight (kg) 
AT = averaging time (days) 
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8.2.3.5.3   Dermal Exposures 
 
The evaluation of the dermal exposure pathway follows guidance presented in USEPA’s RAGS Volume I, 
Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment, Interim) 
(USEPA 2004d).  Specifically, the following information and procedures from RAGS Part E are used in the 
assessment of dermal exposures to chemical constituents: 
 
• Gastrointestinal absorption (GI) and ABS factors are taken from RAGS Part E. 
• For exposure to soil and sediment when no chemical specific ABS value is available, no quantitative 

assessment of the dermal pathway was performed.  This was the case for all COPCs. 
• If the chemical specific GI factor is less than 50%, the oral toxicity criteria were adjusted by the GI to 

generate dermal toxicity criteria.  When GI factor is greater than 50%, the unadjusted oral toxicity 
criteria are used as the dermal toxicity criteria. 

• For exposure to groundwater and surface water, dermal exposure is included only when dermal absorbed 
dose is greater than 10% of the oral intake, per RAGS Part E guidance.   

 
8.2.4  Special Considerations for Radiological Risk Assessment 
 
The HHRA for the radiological COPCs in soil, sediment, surface water, and groundwater was conducted by 
utilizing the RESRAD computer code Version 6.3 (ANL 2001b).  The RESRAD computer code uses 
methods and equations similar to those in RAGS, and is the standard computer code used for analysis of 
radioactively contaminated sites.  While estimating radiological risks with RESRAD uses methods consistent 
with those presented in RAGS, the code presents several advantages over standard RAGS methods, including 
the following: 
 
• RESRAD accounts for radioactive decay and radiological ingrowth of daughter products out to 1,000 

years into the future; 
• RESRAD models future conditions (out to 1,000 years into the future) by accounting for source removal 

by radioactive decay, leaching to groundwater, and erosion; 
• RESRAD considers site-specific variables, such as rainfall and soil density, that may impact results; 
• RESRAD considers source geometry, taking into account the thickness and surface area of soil 

contamination; 
• RESRAD is an integrated code that accounts for all potential exposure pathways with a single 

calculation or “run”; and 
• RESRAD provides both carcinogenic risk and radiological dose rate estimates for comparison to 

appropriate regulatory limits. 
 
Except for these differences, the RESRAD calculations are parallel to those conducted for chemical 
constituents in this HHRA using RAGS.  The same exposure parameters are utilized for radiological and 
chemical COPCs (although units may be different), similar exposure pathways are considered (external 
gamma exposure replaces dermal contact), and the same exposure scenarios are evaluated. 
 
Although the RESRAD calculations are parallel to those conducted for chemical constituents in this HHRA 
using RAGS, RESRAD assumes some different default values for biotransfer of contaminants from soil into 
meat and milk products (i.e., amount of soil and forage consumed by beef and milk cattle).  However, these 
differences are off-set by differences in assumptions and default values between the USEPA and RESRAD 
for the amount of contaminated meat and milk that a receptor would consume.  In addition, RESRAD 
includes its own simplified groundwater model which predicts concentrations of radioactivity in groundwater 
from a soil source term.  Every attempt was made to ensure that RESRAD’s hydrogeologic input parameter 
values were consistent with those used in the groundwater model presented in Section 7.  However, because 
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the groundwater portion of the RESRAD model is not as sophisticated as the groundwater model discussed 
in Section 7, some differences might arise in future predicted groundwater concentrations.  When remedial 
action objectives are evaluated in the FS, the groundwater model as per Section 7 would take precedence 
over groundwater concentrations modeled using RESRAD. 
 
While this HHRA focuses on risk-based criteria, it is conceivable that radiological dose-based limits may be 
selected for the site.  The four primary differences in carcinogenic risk and radiological dose estimates 
included in this assessment are the following: 
 
• Carcinogenic risks are presented as lifetime estimates, while radiological doses are presented on an 

annual basis.  
• For the residential and subsistence farmer receptors, carcinogenic risks are calculated using an age-

adjusted receptor (child through adulthood), while radiological doses are calculated by examining an 
adult receptor only. 

• Cancer slope factors (CSFs) convert an exposure to risk (e.g., risk per pCi intake), while DCFs convert 
an exposure to radiological dose rate (e.g., mrem/year per pCi intake). 

• In this HHRA, the carcinogenic risks are calculated inclusive of background, while radiological doses are 
incremental to background.  In other words, the background concentration is subtracted from the 
radiological EPC when the radiological dose rate is calculated.  However, as for calculation of chemical 
risks, the background concentration is not subtracted from the radiological EPC in determining 
radiological cancer risks.   

 
Besides these four differences, the carcinogenic risk and radiological dose calculations are the same.  The 
RESRAD code simultaneously calculates risk and dose rate for comparison against appropriate limits.  
Therefore, both risk-based and radiological dose-based endpoints are presented in this HHRA.  With the 
exception of the calculation of pathway-specific intakes, the exposure assessment for radionuclides is 
identical to that described for chemicals in Section 8.2.3.4.  
 
RESRAD automatically calculates the pathway-specific intake as part of each “run.”  Detailed equations for 
pathway-specific intakes are presented in the User’s Manual for RESRAD Version 6, (ANL 2001b) and are 
not repeated here.  In general, the RESRAD code uses the same equations listed in Section 8.2.3.5.  
Exceptions include units for constituent concentration (e.g., pCi/g instead of mg/kg), the addition of the 
external radiation pathway, and the exclusion of the dermal contact pathway.  In addition, the equations do 
not include BW and AT, and the intake is provided as the total amount of activity taken in over the exposure 
period.  While RESRAD equations are not presented in this HHRA, the receptor-specific and medium-
specific input parameters are presented for RME and CTE receptors. 
 
The risk from exposures to radon was not quantified in this HHRA since the concentration of radium-226 is 
currently near background levels (see Tables 8-6 and 8-7).  The major radionuclides at the site are the three 
naturally occurring uranium isotopes and thorium-230.    While radium-226 is not a major contributor to risk 
under current conditions, it will become a more significant contributor in the future due to ingrowth from 
thorium-230.  However, there are a number of very simple procedures for mitigating the effects of radon 
exposures in buildings, including simply increasing the rate of ventilation.  Because of the large uncertainty 
in the models used to estimate the concentrations of radon gas and that it is currently not a concern at the site, 
it was not included in this HHRA to better focus the risk analysis to those radionuclides that present a more 
immediate risk concern.  The exposures and risks associated with radon gas will continue to be considered in 
this RI/FS and selection of remedy for the site.   
 
The RESRAD input parameter values for RME scenarios are presented in Table 8-12.  Values for the CTE 
scenarios are presented in Table 8-13 (used for the subsistence farmer scenario only).  Individual adult and 
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Child intake parameter values used for the age-averaged adult-child receptor for risk calculations are found 
in Table 8-14. These tables list receptor-specific inputs (e.g., soil ingestion rates) and inputs that describe the 
physical characteristics of the contaminated media (e.g., soil erosion rates).  For medium-specific inputs, site-
specific values are used when available, or are estimated using available site information.  The preference is 
to use site-specific data first, values recommended or otherwise employed by USEPA second, and RESRAD 
defaults last. 
 
It should be noted that all receptors and pathways presented in Section 8.2.3.3 were evaluated using 
RESRAD for carcinogenic risks resulting from potential radiological exposures.  These pathways include 
inhalation of airborne particulates, incidental ingestion of soil, ingestion of water and foodstuffs, and external 
gamma irradiation.  The only exception to this is the surface water and game fish ingestion pathways, which 
(for surface water) was evaluated using an approach similar to that presented in RAGS, Part B (USEPA 
1991a), as presented in the following: 
 

Risk  =  Cw x IRw x EF x ED x CSFw (Eq. 20)
 
where: 
 
Cw = radionuclide concentration in water (pCi/L) 
IRw = ingestion rate (L/day) 
EF = exposure frequency (days/yr) 
ED = exposure duration (years) 
CSFw = cancer slope factor for water ingestion (risk/pCi)  
 
The surface water pathway in RESRAD is approximated as groundwater that resurfaces through a seep.  As a 
result, the use of RESRAD precludes input of an EPC-derived value from actual surface water concentration 
data measured at the site.  Using the above-presented equation allows for input of a surface water EPC as the 
source term, while remaining consistent with the overall dose and risk calculations performed by the model 
for the ingestion route of exposure.  The game fish intake was calculated as described in Section 8.2.3.5.2 
after making adjustments for radiological units.  Intake of other foodstuffs was determined using RESRAD.  
The carcinogenic risk and radiological dose are then calculated by multiplying the intake by the appropriate 
CSF and DCF.     
 
8.2.5  Toxicity Assessment 
 
A toxicity assessment was performed to evaluate the toxicological effects associated with the chemical and 
radiological constituents at the site, and to select the values most appropriate for use in this HHRA.  The 
USEPA and other scientific organizations have evaluated toxicological studies to establish a relationship 
between exposures and the increased likelihood of developing cancer or the potential for inducing a 
noncancer effect, such as heart disease or neurological problems.  Data synthesized from these evaluations 
have been used to develop standard toxicity values for estimating health effects from chronic exposures.  The 
toxicity data used to develop the values for assessing the carcinogenic and non-carcinogenic effects 
associated with exposure to chemical constituents are described in Section 8.2.5.1, and the toxicity data for 
evaluating the carcinogenic effects of radionuclides are described in Section 8.2.5.2. 
 
For radionuclides, cancer is the only toxic effect that needs to be evaluated in accordance with USEPA 
guidance (USEPA 1999b), and standard cancer slope factors have been developed to represent this toxicity.  
Non-carcinogenic chemical toxicity of radionuclides is also evaluated in this HHRA, specifically to address 
the impairment of kidney function that could result from ingesting uranium.  Exposure to certain hazardous 
chemicals can also result in cancer risks and noncancer effects.  Both health endpoints are addressed in 
parallel in this HHRA.     
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For both radionuclides and chemical carcinogens, standard USEPA values are used to assess the increased 
probability (above the background rate) that an individual will develop cancer over a lifetime as a result of 
chronic exposures.  This is also referred to as the incremental lifetime cancer risk, and is based on population 
statistics.  To assess non-carcinogenic chemical toxicity, a standard value that represents a daily “safe level” 
is used to indicate whether the potential exists for an individual to incur an adverse effect from chronic 
exposures.  In addition, for radionuclides, an estimate of the annual radiation doses associated with exposures 
at the site was developed using standard DCFs.  The radiation doses were calculated as radiation protection 
criteria are generally identified in terms of dose and dose rate rather than cancer risk. 
 
8.2.5.1   Chemical Toxicity   
 
The potential for developing cancer from exposure to a chemical carcinogen is given by the CSF.  This factor 
defines the plausible upper-bound estimate of the probability of developing cancer per unit intake of a 
chemical constituent over a lifetime (USEPA 1989b).  Slope factors are specific for each constituent and 
route of exposure.  The potential for non-carcinogenic health effects resulting from exposure to COPCs was 
assessed by comparing an exposure estimate (intake or dose) to the reference dose (RfD).  The chronic RfD 
is defined as an estimate of the daily exposure level for the human population, including sensitive 
subpopulations, that is likely to be without an appreciable risk of deleterious effects during a lifetime 
(USEPA 1989b).  RfDs are specific to the individual chemical constituent and route of exposure.  A 
reference concentration (RfC) can be used in place of the RfD for inhalation exposures.  An RfC can be 
converted to the corresponding RfD by dividing by 70 kg (an assumed body weight) and multiplying by 20 
m3 per day (an assumed inhalation rate).   
 
Oral and inhalation CSFs and RfDs are currently available in the Integrated Risk Information System (IRIS) 
(USEPA 2004a).  Inhalation CSFs and RfDs take into consideration the fractional amount of a constituent 
absorbed into the blood, and oral CSFs and RfDs take into consideration the fractional amount of a 
constituent absorbed across the GI tract into the bloodstream.  When USEPA-derived CSFs and RfDs were 
not available for the route of exposure being evaluated, but were available for a different route, route-to-route 
extrapolation was used.  Dermal CSFs and RfDs were estimated from the oral toxicity values using  
chemical-specific gut absorption factors to calculate the total administered dose by Equations 21 and 22 
(USEPA 2004d): 
 

CSFdermal = CSForal / ABSgi (Eq. 21)

(Eq. 22)
 

RfDdermal = RfDoral · ABSgi 
 
where: 
 
CSF = chemical specific cancer slope factor (mg/kg-day)-1 
ABSgi = chemical specific gut absorption factor (unitless) 
RfD = chemical specific reference dose (mg/kg-day) 
 
Few chemical-specific skin absorption factors are currently available from USEPA.  However, USEPA 
guidance given in RAGS Part E was followed for assessment of the dermal route of exposure (USEPA 
2004d). This guidance was used to select soil-to-skin adherence factors, dermal absorption fractions, and GI 
absorption efficiencies.  For many chemicals, a scientifically defensible database does not exist for adjusting 
oral slope factors and reference doses to estimate a dermal toxicity value.  Information on the fraction of a 
compound that is actually absorbed through the skin is also lacking.  For the HHRA, quantitative assessment 
of risk due to dermal exposure to contaminated soil and water was completed only for chemicals with 
USEPA-recommended GI absorption efficiencies and dermal absorption factors.  Since these parameters 
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have not been developed for any of the chemical COPCs at the site, this pathway is not quantified in this 
HHRA.   
 
CSFs and RfDs may not be available for some COPCs at the site because the carcinogenic and/or non-
carcinogenic effects of the constituents have not yet been determined. Although these constituents may 
contribute to carcinogenic and non-carcinogenic effects from exposure to the contaminated media, their 
effects cannot be quantified at the present time.  A qualitative evaluation of the toxicity information for the 
COPCs without toxicity criteria and a discussion of the implications of the absence of the COPCs from the 
risk assessment are presented in the uncertainty assessment (Section 8.2.7.3).  
 
The acquisition of quantitative indicators of chemical toxicity (e.g., CSFs, RfDs and RfCs) follows the 
USEPA (2003a) hierarchal approach, which revised the original hierarchy presented in RAGS USEPA 
1989b).  The revised recommended toxicity value hierarchy is as follows: 
 
• Tier 1 - USEPA’s IRIS: Toxicity criteria used from the most current update of the USEPA IRIS (USEPA 

2004a). 
• Tier 2 - USEPA’s PPRTVs: The Office of Research and Development/National Center for 

Environmental Assessment/Superfund Health Risk Technical Support Center (STSC) develops PPRTVs 
on a chemical specific basis when requested by USEPA’s Superfund program.  

• Tier 3 - Other Toxicity Values: Tier 3 includes additional USEPA and non-USEPA sources of toxicity 
information.  Priority should be given to those sources of information that are the most current, the basis 
for which is transparent and publicly available, and which have been peer reviewed.  

 
IRIS remains in the first tier of the recommended hierarchy as the generally preferred source of human health 
toxicity values.  IRIS is an electronic database containing the most current descriptive and quantitative 
USEPA regulatory toxicity information for chemical and radiological constituents.  Files maintained in IRIS 
contain information related to non-carcinogenic and carcinogenic health effects of constituents.  IRIS 
normally represents the official Agency scientific position regarding the toxicity of the chemicals based on 
the data available at the time of the review.  
 
The second tier is USEPA’s PPRTVs.  Generally, PPRTVs are derived for one of two reasons.  First, the 
STSC is conducting a batchwise review of the toxicity values in HEAST (now a Tier 3 source).  As such 
reviews are completed, those toxicity values will be removed from HEAST (USEPA 1995b), and any new 
toxicity value developed in such a review will be a PPRTV and placed in the PPRTV database.  Second, 
Regional Superfund Offices may request a PPRTV for contaminants lacking a relevant IRIS value.  The 
STSC uses the same methodologies to derive PPRTVs for both.  
 
The third tier includes other sources of information.  Priority is given to sources that provide toxicity 
information based on similar methods and procedures as those used for Tier 1 and Tier 2, contain values 
which are peer reviewed, are available to the public, and are transparent about the methods and processes 
used to develop the values.  Toxicity values developed by the U.S. Department of Defense for military 
unique compounds are considered Tier 3. 
 
Additional sources may be identified for Tier 3.  Toxicity values that fall within the third tier in the hierarchy 
include, but need not be limited to, the following sources: 
 
• The California Environmental Protection Agency (CAL EPA) toxicity values are peer reviewed and 

address both cancer and noncancer effects.  CAL EPA toxicity values are available on the CAL EPA 
Internet website at http://www.oehha.ca.gov/risk/chemicalDB//index.asp. 
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• The Agency for Toxic Substances and Disease Registry (ATSDR) Minimal Risk Levels (MRLs) are 
estimates of the daily human exposure to a hazardous substance that is likely to be without appreciable 
risk of adverse noncancer health effects over a specified duration of exposure.  The ATSDR MRLs are 
peer reviewed and are available at http://www.atsdr.cdc.gov/mrls/index.html on the ATSDR website.  

• HEAST toxicity values are Tier 3 values.  As noted above, the STSC is conducting a batchwise review of 
HEAST toxicity values.  The toxicity values remaining in HEAST are considered Tier 3 values.  The 
radionuclides HEAST toxicity values are available at: http://www.epa.gov/radiation/heast/.   

 
Neither IRIS nor the PPRTV database contains radionuclide slope factors.  USEPA’s Federal Guidance 
Report (FGR) 13 (USEPA 1999a) and Table 4 of HEAST (USEPA 1995b) contain current radionuclide slope 
factors, and are the sources of values for this HHRA.  The radionuclide toxicity data are discussed in the next 
section.  
 
Table 8-15 presents a summary of toxicological criteria, and Table 8-9 presents the chemical-specific 
characteristics used to estimate dermal absorbed dose and the concentrations present in vapors or dust.  
Appendix 2F contains excerpts from the above information sources, presenting a summary of toxicological 
information for the COPCs at the site.   
 
It should be noted that the oral reference dose for uranium (soluble salts) used in this assessment differs from 
the oral reference dose used by USEPA in developing the drinking water maximum contaminant level.  As 
mentioned above, the USACE follows a hierarchy for toxicity criteria.  As an oral reference dose of 3E-03 
mg/kg-day remains in IRIS, this value was used in the HHRA  rather than the provisional reference dose of 
2E-04 mg/kg-day which USEPA used to set the drinking water standard.   
 
Kerosene is a special constituent in that it does not have specific toxicity criteria.  As was indicated in 
Section 8.2.1.1, kerosene is estimated as TPH-DRO.  The laboratory analytical method which detects TPH-
DRO quantifies mainly the medium-range aliphatic portion.  The toxicological properties of kerosene may be 
estimated from the non-carcinogenic toxicity of medium range aliphatics, as they are the main constituent of 
kerosene (ATSDR 1999, USEPA 2002c).  It is assumed that aromatic (and carcinogenic) compounds (such 
as benzene or PAHs) constitute a negligible component of kerosene (ATSDR 1999), but this is discussed 
further in Section 8.2.7.1 and 8.2.7.4.  The chronic oral reference dose for kerosene used in this risk 
assessment is 0.03 mg/kg-day, with a critical effect of neurotoxicity (USEPA 2002c, USEPA 2004b).  The 
chronic inhalation reference dose is 8.57E-02 mg/kg-day, derived from the inhalation minimum risk level of 
0.3 mg/m3 (ATSDR 1999).  For inhalation exposure, the critical effect is hepatic toxicity. 
 
8.2.5.2   Radiation Toxicity  
 
Ionizing radiation is a known human carcinogen, and the relationship between radiation dose and health 
effects is relatively well characterized for high doses of most types of radiation.  Lower levels of exposure 
might constitute a health risk, but it is difficult to establish a direct cause-and-effect relationship because a 
particular effect in a specific individual can be produced by many different processes.  For example, the 
features of cancers resulting from radiation are not distinct from those of cancers produced by other causes.  
Therefore, the risk of cancer from exposure to low levels of ionizing radiation must be extrapolated from 
data for increased rates of cancers observed at much higher doses. 
 
Radiation exposures associated with the Former Harshaw Chemical Site are limited to chronic effects (low 
doses over relatively long time periods) and need not consider acute effects (high doses over short time 
periods).  Large exposures to radionuclides are required to cause acute effects, and no such exposures are 
associated with the site given the relatively low levels of contamination.  Toxic effects from acute radiation 
exposure are only possible when humans are exposed to very large amounts of radiation, such as at 
Chernobyl from the 1986 nuclear power accident or in Japan from nuclear weapons detonations more than 60 
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years ago.  The contamination levels at the site correspond to doses that are much lower than those at which 
adverse effects are observed, so acute toxicity is not an issue for the site. 
 
Chronic doses of low-level radiation have not directly been shown to cause cancer, although this has been 
assumed in order to be protective.  Evidence linking radiation exposure to observable biological effects has 
only been found at doses above 25 rads incurred over a short time, so in translating to chronic doses far 
below this level it is difficult to establish a dose-response relationship.  Even though information indicates 
that a threshold exists below which adverse effects are not distinguishable, to be conservative, it is 
commonly assumed that the dose-response relationship is linear.  This means it is assumed that any dose, no 
matter how small, increases the chance of developing cancer; this approach is commonly referred to as the 
linear no-threshold hypothesis. 
 
Ionizing radiation causes injury by breaking molecules into electrically charged fragments (ion pairs), 
thereby producing chemical rearrangements that may lead to permanent cellular damage.  The degree of 
biological damage caused by different types of radiation varies according to how spatially close together the 
ionizations occur.  Some ionizing radiations (e.g., alpha particles), produce high-density regions of 
ionization.  Other types of radiation (e.g., gamma rays and beta particles), produce a lower density pattern of 
ionizations.  Equal doses (in terms of energy deposited per unit mass) of radiation from alpha particles result 
in much greater harm than that from gamma rays and beta particles due to the higher density of ionizations.  
The biological damage caused by these ionizations can result in cancer induction.  
 
The cancer risks and radiation doses were calculated in this HHRA using standard USEPA methodology, and 
these estimates account for the type of radiation (alpha, beta and gamma), exposure route (external gamma 
irradiation, ingestion and inhalation), and organs being irradiated.  These two endpoints (cancer risk and 
radiation dose) were calculated separately in this HHRA, and the toxicity values used to calculate cancer risk 
and radiation dose are discussed below.   
 
The USEPA guidance for conducting risk assessments given in RAGS was followed in this HHRA, 
including the use of standard radiological CSFs (USEPA 1989b).  These factors represent the estimated 
lifetime cancer risk per unit intake averaged over all ages and both genders, for a given radionuclide and 
route of exposure.  These values are tabulated in FGR 13 (USEPA 1999a) and Table 4 of HEAST (USEPA 
1995b), and are summarized in Table 8-16.  Radiological CSFs are available for both mortality and 
morbidity, the latter being for illness not fatality.  Although mortality values can be much smaller, morbidity 
may approach mortality for certain types of cancer such as lung cancer.  Morbidity risk factors were used to 
estimate the likelihood of cancer incidence from radiological exposures in this HHRA consistent with 
USEPA guidance.  These radiological CSFs have been incorporated into the RESRAD computer code that 
was used to assess the radiological impacts from exposures at the site.  The CSFs given in Table 8-16 list the 
values used for water ingestion, food ingestion, soil ingestion, particulate inhalation, and external gamma 
irradiation.  The factors given in Table 8-16 include the contribution of short-lived decay products that 
accompany the longer-lived radionuclides in environmental media.   
 
In developing the CSFs for radionuclides, USEPA used contemporary dosimetric methods and models to 
estimate the absorbed dose as a function of time from a chronic intake (inhalation or ingestion) or exposure 
to external gamma radiation.  Human data were considered in developing these models, albeit from much 
higher doses.  The estimates of absorbed dose were combined with cancer risk factors through a life-table 
analysis, which accounts for competing risks (caused by something other than radiation exposure, such as a 
car accident).  Competing risks are usually much larger than radiological risks and vary significantly with 
age, and they are accounted for using mortality statistics for the population.  The basis is that people dying 
from other causes are not susceptible to radiation-induced cancer, even if they had been exposed to radiation 
from the contaminated site.  Thus, these coefficients provide a conservative, but realistic estimate of 
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radiation risk from those exposures.  This is in contrast to the CSFs for chemicals, which are upper-bound 
estimates.    
 
In addition to cancer risk, an estimate of the annual radiation doses (in mrem/year) were estimated in the 
HHRA to allow for a direct comparison with radiation protection criteria, which are generally given on this 
basis.  When subjected to equal doses of radiation, organs and tissues in the human body will exhibit 
different cancer induction rates.  To account for these differences and to normalize radiation doses and 
effects on a whole-body basis, the International Commission on Radiological Protection (ICRP) developed 
the concepts of effective dose equivalent (EDE) and committed effective dose equivalent (CEDE), which are 
weighted sums of the organ-specific dose equivalents and committed dose equivalents (ICRP 1991).  The 
weighting factors used in these calculations are based on selected stochastic risk factors, and are used to 
average organ-specific dose equivalents.  The total effective dose equivalent (TEDE) is the sum of the EDE 
for external radiation and the 50-year CEDE for internal radiation. 
 
Using this information, the USEPA developed DCFs for internal and external exposures, and these factors 
are given in FGRs 11 and 12 (USEPA 1988 and 1993c).  For internal exposures, the DCF represents the 50-
year CEDE per unit intake of radionuclide, and for external exposures, the DCF represents the EDE per unit 
of time at 1 meter above the ground surface per unit activity of a radionuclide for a number of different 
depths of contamination.  The DCFs used in this HHRA are given in Table 8-17 for ingestion, particulate 
inhalation, and external gamma irradiation.  The ingestion DCFs are not subdivided into medium-specific 
components as for the radiological CSFs provided in HEAST (USEPA 1995b).  These DCFs have also been 
incorporated into the RESRAD computer code.  As for the radiological CSFs, these DCFs include the 
contribution of short-lived decay products that accompany the longer lived radionuclides in the environment. 
 
Toxicity profiles for the radioactive COPCs at the Former Harshaw Chemical Site are included in Appendix 
2F along with information on the chemical COPCs at the site. 
 
8.2.6  Risk Characterization  
 
Risk characterization integrates the findings of the exposure assessment and toxicity assessment to estimate 
the likelihood that a receptor may experience an adverse effect as the result of exposure to COPCs (USEPA 
1989b).  Risks were calculated using toxicity information and intakes calculated as part of the exposure 
assessment.   
 
8.2.6.1   Non-Carcinogenic Hazard Characterization 
 
The BRA evaluated the likelihood that an individual may experience non-carcinogenic toxic effects due to 
exposures to COPCs as well as the probability of developing cancer due to exposure to COPCs.  The non-
carcinogenic toxic effects are addressed in this section, and the carcinogenic effects are addressed in Section 
8.2.6.2.  The term "toxic effects" describes a wide variety of systemic effects, ranging from minor ailments, 
such as skin irritation and headaches, to more substantial effects, such as kidney or liver disease and 
neurological damage.  The hazards associated with exposure to toxic constituents were evaluated by 
comparing an exposure level or intake calculated using RME intake assumptions to a reference dose (RfD).  
The RfD is the threshold below which no toxic effects are expected to occur in a normal population, 
including sensitive subpopulations.  The ratio of intake or single-constituent exposure level over a specified 
time period to the RfD for that constituent derived from a similar exposure period is termed the Hazard HQ 
(USEPA 1989b) and is defined as: 

 
HQ = I/RfD (Eq. 23)

where: 
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HQ = hazard quotient (unitless ratio) 
I = chronic daily intake or DAD (dermal absorbed dose, mg/kg-day) 
RfD = reference dose (mg/kg-day) 
 
The HQs of each COPC identified for the EUs are summed to obtain a HI.  An HI greater than 1 is defined as 
the level of concern for potential adverse non-carcinogenic health effects (USEPA 1989b).  For simultaneous 
exposure of a receptor to several constituents, HIs were calculated as the sum of the individual HQs for all 
non-carcinogenic COPCs encountered for each pathway (Equation 24): 
 

HI  =  E HQi (Eq. 24)
 
where: 
 
HI = hazard index 
HQi = hazard quotient for the ith constituent 
 
The total HI associated with each media and receptor is derived by summing the pathway-specific values for 
each chemical.  Where the HI exceeded 1, the hazard quotients (HQs) are segregated by chemical based on 
their target organ.  Uranium toxicity targets the kidney.   For lithium and kerosene (TPH-DRO), a single 
critical effect could not be established, although kerosene generally causes liver and nervous system toxicity, 
and lithium causes toxicity to a myriad of organs (see also Section 8.2.7.3).  Because these three chemical 
COPCs cause toxic effects in different organs, their HI’s may be segregated.  If the segregated HIs still 
exceed 1, it is concluded that the target hazard level had been exceeded. 
 
As recommended in USEPA guidance (1989b), a description of individual hazard that includes the high end 
RME and median CTE hazard distribution has been provided in the HHRA.  Therefore, if either cancer or 
non-cancer hazard exceed acceptable limits (cancer hazard > 10-6, or HI > 1 before target organ segregation), 
the hazard calculations were recomputed using CTE values for as many intake model variables as possible.  
Both the RME and CTE HI should be considered prior to making any decisions to address hazards further, 
either through continued study, or engineered control measures.  Note that the approach for non-carcinogens 
is different from the probabilistic approach used to evaluate carcinogens.  A HQ of 0.01 does not imply a 1 in 
100 chance of an adverse effect; it indicates only that the estimated intake is 100 times less than the threshold 
level at which adverse health effects may occur. 
 
8.2.6.1.1   Non-carcinogenic Hazard Characterization Results 
 
The following subsections present the hazard characterization results in a narrative form for each of the site 
EUs by receptor.  Table 8-18 summarizes this information.  In this summary table, hazard estimates that are 
at or above the non-cancer HI of 1 are bolded.  An “NA” in the table indicates that medium was not 
evaluated for that receptor.  Hazard estimates for individual COPCs for all scenarios and pathways are 
presented in Appendix 2A.  In Appendix 2A, Tables 2A-1 through 2A-10 present hazard estimates based on 
RME exposure parameters.    Potential exposure to groundwater (as a drinking water source) posed an 
unacceptable hazard to the subsistence farmer receptor, both adult and child, due to the presence of uranium 
and lithium in the groundwater.  Exposure to total site soils (exposure point concentrations from 0 – 13 feet 
bgs) posed an unacceptable hazard to the subsistence farmer child for EUs 1, 2, and 3, the subsistence farmer 
adult in EU1 and the resident child in EU1.  However, when toxicants were separated according to target 
organ, only the subsistence child exposure scenario created hazard indices at or above one, and only for 
lithium in EU’s 1 and 3 and kerosene (TPH-DRO) in EU 1. 
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8.2.6.1.2   Current Use Receptors Hazard Characterization Results for Non-carcinogens 
 
Trespasser - Adult  
 
As seen in Table 8-18, RME non-cancer hazards to the adult trespasser range from 0.005 in EU 5 to 0.07 in 
EU 1.  For exposure to surface water and sediment in EU6, the HI is 0.3.  These hazards are within 
acceptable limits as identified in the National Oil and Hazardous Substances Pollution Contingency Plan 
(NCP) for all soil and aquatic exposure units at the site.  Therefore, under this current use scenario, it can be 
concluded that chemical COPCs on-site do not pose an unacceptable hazard. 
 
Trespasser - Adolescent 
 
The results for the adolescent trespasser are approximately 1.8 times greater than those of the adult trespasser 
due to the similarity in ingestion rates, but difference in body weight (Table 8-18).  For exposure to surface 
water and sediment in EU6, the HI is 0.2.  None of the surface soil or aquatic EUs had unacceptable hazards 
as identified in the NCP.   Therefore, under this current use scenario, it can be concluded that chemical 
COPCs on-site do not pose an unacceptable hazard. 
 
Maintenance Worker 
 
The results for the maintenance worker ranged from an HI of 0.007 in EU 4 to 0.2 in EU 1 (Table 8-18). 
Exposure to groundwater in EU 7 gives a hazard of 0.003.  These hazards are all below an HI of 1.  
Therefore, under this current use scenario, it can be concluded that chemical COPCs on-site do not pose an 
unacceptable hazard as identified in the NCP. 
 
8.2.6.1.3   Potential Future Use Receptors Hazard Characterization Results for Non-carcinogens 
 
Recreational Visitor 
 
Please see the summary of results for the trespasser in the preceding section. 
 
Construction Worker 
 
For exposure of the construction worker to total soil, the RME HI ranged from 0.05 in EU 4 and EU 5 to 0.3 
in EU 1 (Table 8-18).  For exposure to contaminated media in and around the utilities in EU 8, the HI is 0.05.  
Exposure to contaminated groundwater in EU 7 results in hazard of 0.007.  Exposure to surface water and 
sediment in EU6 results in a HI of 0.0002.  Since all of these HIs are below 1, chemical COPCs on-site do 
not pose an unacceptable hazard as identified in the NCP.   
 
Industrial Worker 
 
The hazards for exposure of the industrial worker to surface soil are all below an HI of 1 for all exposure 
units (Table 8-18).  The HIs ranged from 0.006 in EU 4 to 0.1 in EU 1.   
 
Resident Adult 
 
For exposure of the resident adult to total (surface and subsurface) soil, all HIs are below 1 (Table 8-18).  
The HIs ranged from 0.04 in EU 4 and EU 5 to 0.2 in EU 1.  Exposure to surface water and sediment in EU6 
results in a HI of 0.05.     
 

Former Harshaw Chemical Site Page 8-35 
Remedial Investigation Report 
Revision 1  
December 2009 



 

Resident Child 
 
For exposure of the resident child to total soil, the HIs ranged from 0.2 in EU 4 and EU 5 to 1.0 in EU 1.  
The exposure to surface water and sediment in EU6 resulted in a HI of 0.09.  In EU1 the HI is at the 
acceptable hazard threshold identified in the NCP.  However, none of the individual COPCs have an HI 
above 1 for this receptor in EU1.  Therefore, no Significant COPCs are identified for this scenario. 
 
Subsistence Farmer Adult 
 
For exposures to total soil, the HIs for the adult farmer are all slightly greater than for the adult resident due 
to the addition of the food ingestion pathway for the farmer (Table 8-18).  The HIs ranged from 0.2 in EU 4 
and EU 5 to 1.0 in EU 1.  For exposure to surface water and sediment in EU 6, the HI was 0.05. For exposure 
to groundwater in EU 7, the HI was 9.0 (see Section 8.2.6.1.4). In EU1, the HI is at the acceptable hazard 
threshold identified in the NCP.  However, none of the individual COPCs have an HI above 1 for this 
receptor in EU1.  Therefore, no Significant COPCs are identified for this scenario. 
 
Subsistence Farmer Child 
 
For exposures to total soil, the HIs for the child farmer are all greater than for the adult farmer, mainly due to 
greater soil ingestion rates and smaller body weights for this receptor (Table 8-18).  The HIs ranged from 0.3 
in EU 5 to 3.0 in EU 1, 2.0 in EU 2 and 2.0 in EU 3. For exposure to surface water and sediment in EU 6, the 
HI was 0.09. For exposure to groundwater in EU 7, the HI was 9.0 (see Section 8.2.6.1.4).  In EU 1, EU2 and 
EU 3 the HI is above the acceptable hazard threshold indentified in the NCP.  However, when the HI’s are 
segregated according to target organ,  the only individual constituents with HI’s above 1 are lithium in EU’s 
1 and 3 and kerosene (TPH-DRO) in EU 1.  (See Appendix 2A Table 2A-1, 2A-2, and 2A-3.)   
 
8.2.6.1.4   Groundwater Exposure Risk Characterization 
 
The subsistence farmer is the only receptor that uses groundwater as a source of drinking water.  For the 
adult and child subsistence farmer, ingestion of site groundwater results in HI of 9 for both receptors.  Both 
of these HI’s are above the acceptable hazard threshold identified in the NCP.  The COPCs driving this 
hazard from the drinking water pathway are uranium and lithium (see also Appendix 2A Table 2A-7).  These 
HIs are supported by results from the groundwater modeling provided in Section 7.  The groundwater model 
predicts a persistent plume of uranium extending from EU 1 to EU 2 of between 30 to 100 μg/L (with over 
1,000 μg/L still existing below building G-1) throughout the 1,000 year evaluation period. 
 
8.2.6.2   Carcinogenic Risk Characteristic 
 
The only carcinogenic COPCs at the site are the radionuclides; the hazards associated with the chemical 
COPCs are limited to non-carcinogenic concerns and were addressed in Section 8.2.6.1.  For these 
carcinogens, ILCR, or the increased lifetime probability of cancer induction, was calculated for each EU 
using RME exposure assumptions.  The resulting ILCRs were compared to the target risk range specified in 
the NCP (USEPA 1990).  The NCP specifies a target risk range of 10-6 to 10-4, or the probability that one 
additional person in a population of one million to one additional person in a population of 10,000 persons 
may develop cancer as the result of exposure to contaminants at the Former Harshaw Chemical Site.  ILCRs 
below 10-6 are considered acceptable risks, while ILCRs above 10-4 are considered unacceptable risks.  Risks 
between 10-6 and 10-4 fall into the NCP “acceptable risk range.”  To further evaluate the greatest potential 
risks, the subsistence farmer scenario was also evaluated using CTE exposure assumptions.  This approach 
provides some measure of the uncertainty inherent to the baseline risk calculations.  Both the RME and CTE 
risks should be considered prior to making any decisions to address risks between 10-6 and 10-4. 
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The incremental lifetime risk of developing cancer was determined as follows (USEPA 1989b): 
 

ILCR  =  I x CSF (Eq. 25)

(Eq. 26)

where: 
 
ILCR = incremental lifetime cancer risk (unitless probability) 
I = total intake of a radionuclide over the exposure period (pCi) 
CSF = cancer slope factor (pCi-1) 
 
Use of the ILCR assumes that the carcinogen does not exhibit a threshold and that the dose-response 
relationship is linear in the low dose range.  As noted in Section 8.2.5.2, chronic doses of low-level radiation 
have not been directly shown to cause cancer.  Observable health effects associated with radiation exposure 
have only been identified at doses exceeding 25 rads delivered over a short period of time.  However, linear 
dose-response relationship is generally used in the low dose range (as would result from exposures at this 
site) as this is a conservative approach and is consistent with the general approach for radiation protection.  
For a given pathway with simultaneous exposure of a receptor to several carcinogens, the total risk to a 
receptor is the sum of the ILCRs for each carcinogen encountered in all sources by each identified exposure 
pathway.  Equation 26 was used to calculate the total ILCR as follows: 
 

ILCRtotal = EILCRi 
 
where: 
 
ILCRtotal = total incremental lifetime cancer risk (unitless probability) 
ILCRi = ILCR for the ith radionuclide 
 
8.2.6.2.1   Carcinogenic (Radiological) Risk Characterization Results 
 
Radiological cancer risks (ILCR) are summarized in Table 8-19 and are discussed as follows.  These values 
were obtained using the RESRAD computer code.  Note that the radiological cancer risks presented include 
contributions from naturally occurring or background levels of radionuclides.  Therefore, radionuclides such 
as radium-226 or thorium-232 may contribute significantly to risk, even at levels not significantly above 
background levels. 
 
8.2.6.2.2   Current Use Receptors Risk Results 
 
Trespasser - Adult 
 
The adult trespasser scenario under current conditions is the same as the recreational visitor for future use 
conditions at the site.  Exposure to surface soil results in a range of ILCRs for the different EUs evaluated, 
from a maximum ILCR of 6 E-05 at 1,000 years in EU 1, to a minimum ILCR of 3 E-06 at year 0 in EU 4.  
For this receptor, no estimated cancer risks are above the risk range identified by the USEPA and given in 
the NCP.  The main COPC driving risk in EU 1 at the time of maximum total risk (year 1,000) is thorium-
230, mainly due to the ingrowth of radium-226, and the major exposure pathway is external gamma 
irradiation.  At the beginning of the evaluation period (i.e., time 0), thorium-230 contributes significantly to 
risk via the inhalation pathway.  Uranium-238 and radium-226 are also significant contributors to risk at year 
0 via external gamma irradiation.  In EUs 3 and 5, thorium-232 is also a significant contributor to risk at the 
beginning of the evaluation period. The ILCR for this receptor from exposure to surface water and sediments 
in EU 6 is below the acceptable risk range given in the NCP (8 E-08). (See also Table 8-20.) 
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Trespasser - Adolescent 
 
The risks to the adolescent trespasser are similar to those given for the adult trespasser.  Exposure to surface 
soil results in a range of ILCRs for the different EUs evaluated, from a maximum ILCR of 2 E-05 at 1,000 
years in EU 1, to a minimum ILCR of 6 E-07 at year 1,000 in EU 4. For this receptor, no estimated cancer 
risks are above the risk range identified by the USEPA and given in the NCP.  As for the adult trespasser, the 
main COPC driving risk in EU 1 at the time of maximum total risk (year 1,000) is thorium-230, mainly due 
to ingrowth of radium-226, and the major exposure pathway is external gamma irradiation.  At the beginning 
of the evaluation period (i.e., time 0), thorium-230 contributes significantly to risk via the inhalation 
pathway.  Uranium-238 is also a significant contributor to risk at year 0 via external gamma irradiation.  The 
ILCR for this receptor from exposure to surface water and sediments in EU 6 is below the acceptable risk 
range given in the NCP (1 E-08). (See also Table 8-20.) 
 
Maintenance Worker 
 
Exposure to surface soil results in a range of ILCRs for the different EUs evaluated, from a maximum ILCR 
of 1 E-03 at 1,000 years in EU 1, to a minimum ILCR of 3 E-05 at year 1,000 in EU 4.  For this receptor, 
exposure to surface soil in every exposure unit except for EU 4 results in estimated cancer risks which are 
above the risk range identified by the USEPA.  For EUs 1 and 3, the risks are higher at year 1,000 than at 
year 0, while in EU 2 the risks are greater at the beginning of the evaluation period (time 0), and in EU 5, the 
cancer risks are comparable at the beginning and at the end of the evaluation period (time 1,000).   In EUs 1 
and 3, the main COPC driving risk at year 1,000 is thorium-230, mainly due to ingrowth of radium-226, and 
the major exposure pathway is from external gamma irradiation.   In EU 2, uranium-238 and radium-226 are 
significant contributors to risk at year 0 via external gamma irradiation.  In EU 5, radium-228, thorium-228, 
and thorium-232 also contribute significantly to risk (especially at the beginning of the evaluation period), 
mainly via the external gamma pathway but also via soil ingestion (thorium-232).  No exposure to surface 
water and sediments in EU 6 is assumed for this receptor. 
 
8.2.6.2.3   Potential Future Use Receptors Risk Characterization Results 
 
Recreational Visitor 
 
Please see the summary of results for the trespasser in the preceding section. 
 
Construction Worker 
 
Exposure to total soil results in a range of ILCRs for the different EUs evaluated, from a maximum ILCR of 
4 E-05 at year 0 in EU 8, to a minimum ILCR of 1 E-06 at year 1,000 in EU 4.  This is the only receptor that 
is assumed to have exposure to EU 8 (utilities).  The ILCR for the construction worker in EU 1 is 2 E-05 at 
1,000 years.  None of the estimated cancer risks for construction worker exposure to any of the EUs results in 
risks above the USEPA’s acceptable cancer risk range.  In EU 8, the main COPC contributing to risk is 
cesium-137.  The risk resulting from the other radionuclides in EU 8 (aside from cesium-137) is about 2 
orders of magnitude lower than the risk from exposure to cesium-137 (Appendix Table 2B-15).  In the other 
terrestrial EUs, risks at time 0 are fairly similar to risks at 1,000 years, due to contributions of different 
radionuclides.  Radium-226 and uranium-234 are the main contributors to risk at the beginning of the 
evaluation period (via external gamma pathway), while the main COPC driving risk at year 1,000 is thorium-
230, mainly due to ingrowth of radium-226, and the major exposure pathway is external gamma irradiation.   
 
Although the intensity of exposure for the construction worker is greater than for the industrial or 
maintenance workers (i.e., greater inhalation and soil ingestion rates), the incremental lifetime cancer rates 
for the construction worker are lower.  This is caused by two factors.  The construction worker is assumed to 
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be exposed to soil from surface to 13 ft bgs, while the other two workers are assumed to be exposed to 
surface soil only.  As most of the contamination is concentrated in the surface soil interval in most EUs, the 
EPCs for total soil are generally lower than for surface soil.  Also, the exposure duration for the construction 
worker is assumed to be 1 year, while it is assumed to be 25 years for the other two worker scenarios.  
Because the cancer risk is determined over the course of a lifetime, the longer exposure durations for the 
other two workers increases their lifetime cancer risk.  (The annual dose rates for these three worker 
scenarios are more comparable, see Section 8.2.6.3.2.)   
 
Industrial Worker 
 
Exposure to surface soil results in a range of ILCRs for the different EUs evaluated, from a maximum ILCR 
of 5E-04 at 1,000 years in EU 1, to a minimum ILCR of 1E-05 at year 1,000 in EU 4.  For this receptor, 
exposure to surface soil in EUs 1, 3, and 5 have cancer risks which are above the risk range identified by the 
USEPA.  As with the maintenance worker, the time of maximum risk (year 0 or year 1,000) varies from one 
exposure unit to the other, due to the relative concentrations of radiological COPCs from one EU to another 
and the radioactive decay and ingrowth which occurs over the evaluation period.    In EU 1, the main COPC 
driving risk at year 1,000 is thorium-230, mainly due to ingrowth of radium-226, and the major exposure 
pathway is external gamma irradiation.  In EU 2, at the beginning of the evaluation period (i.e., time 0), 
uranium-238 and radium-226 are significant contributors to risk via external gamma irradiation.  In EUs 3 
and 5, radium-226, thorium-232 as well as thorium-230 are significant contributors to risk.  This receptor is 
assumed to not have any exposure to surface water or sediments in EU 6. 
 
Resident Adult/Child 
 
Exposure to total soil results in a range of ILCRs for the different EUs evaluated, from a maximum ILCR of 
1E-03 at 1,000 years in EU 1, to a minimum ILCR of 8E-05 at year 1,000 in EU 4.  A third evaluation period 
was added for this receptor to address irrigation of homegrown produce.  For this evaluation, the source term 
(radioactive contamination in soil) was modeled as it leaches from the soil particles and moves to 
groundwater, where it is then extracted and used as irrigation water.  The RESRAD model indicates that the 
concentration of uranium will peak in groundwater at 185 years.  At that time, the most significant 
contributor to the residential dose is from ingestion of uranium in homegrown produce raised in a backyard 
garden; the produce contains uranium as a result of using contaminated water for irrigation.  However, in EU 
1 the main contributor to dose is still thorium-230 at year 1,000, mainly from the ingrowth of radium-226, 
and the major exposure pathway is external gamma irradiation.  For this receptor, all EUs except for EU 4 
indicate risks above the USEPA risk range.  In EU 4, the ILCR is at the upper end of the risk range.  
 
The ILCR for this receptor from exposure to surface water and sediments in EU 6 is below the acceptable 
risk ranges identified in the NCP (1 E-08).  (See also Table 8-20.)  
 
Subsistence Farmer Adult/Child 
 
The subsistence farmer receptor is unique in that it is the only receptor assumed to have a significant 
exposure to groundwater.  The farmer is assumed to use groundwater as a source of drinking water, as well 
as for irrigation of fodder and crops including homegrown foodstuffs.  The residential-use scenario also 
assumed use of groundwater to irrigate a backyard garden.  However, the amount of homegrown produce 
consumed by the resident is significantly less than for the subsistence farmer.  In addition, unlike the 
subsistence farmer, the resident is assumed to drink water supplied from an uncontaminated municipal off-
site source.  The RESRAD computer code was used to model the migration of radionuclides to groundwater 
at the site.  The additional exposure of the farmer to the groundwater led to the evaluation of additional 
variations of the farmer exposure scenario, which were not evaluated for the other receptors.  For the farmer, 
in addition to the baseline RME case, a CTE case was also evaluated.  Furthermore, for the development of 
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PRGs, it was assumed that any drinking water source would be treated as appropriate to limit the 
concentration of total uranium to no more than that allowed by the USEPA MCL (i.e., 30 µg/L), and not the 
concentration of total uranium modeled by RESRAD as leaching from the soil into groundwater.  The 
irrigation water was still assumed to have a concentration of uranium as modeled by RESRAD for leaching 
of radionuclides from soil particulates to groundwater. 
 
For the baseline case (i.e., using groundwater containing uranium concentrations as modeled by RESRAD 
for all exposure pathways), exposure to total soil using RME factors results in a range of ILCRs for the 
different EUs evaluated, from a maximum ILCR of 4 E-03 at 185 years in EU 1, to a minimum ILCR of 2 E-
04 at year 1,000 in EU 4.  As for the residential receptor, the groundwater concentration of uranium peaks at 
year 185.  At that time, the cancer risk is dominated by ingestion of uranium from drinking water. The 
concentration of neptunium-237 peaks in groundwater at year 335, so this time was also evaluated, although 
the total risk is greater at year 185 due to the greater concentrations (and contribution to risk) of uranium.  In 
EU 4, the risk is dominated by radium-226, which is just above background in this EU.  The dominant 
exposure pathway is external gamma irradiation, with a secondary contribution from plant uptake and 
ingestion.  In EU 5, the concentrations of radium-226 as well as thorium-232 are above background, and the 
EPC of thorium-230 is comparable to the EPC for uranium, so these radionuclides (as well as decay 
products) contribute significantly to risks to the farmer in this soil EU, keeping the overall total cancer risks 
fairly constant throughout the evaluation period.  As for EU 4, the dominant exposure pathway is external 
gamma irradiation, with a secondary contribution from plant uptake and ingestion. The ILCR for this 
receptor from exposure to surface water and sediments in EU 6 is below the acceptable risk range identified 
in the NCP (1 E-08). (See also Table 8-20.)  For the baseline case for this potential future-use receptor, all 
EUs have cancer risks above the risk range identified by the USEPA.  The cancer risk in EU 4 is only 
slightly above the upper limit of the risk range.  
 
For the baseline case using CTE factors, the resulting cancer risks for the farmer are all approximately one 
order of magnitude (i.e., ten times) less than for the RME case (see Table 8-19 and Table 8-21).  When the 
CTE factors are considered, most EUs (i.e., 1, 2, 3, and 5) have cancer risks that are still above the upper 
limit of the risk range identified by the USEPA.  However, the cancer risks for EU 4 for the farmer are just 
within the acceptable risk range, with a maximum ILCR of 1E-04 at 185 years.   As noted above, this risk 
estimate assumes that the farmer is using site groundwater for a source of drinking water.  However, as the 
Cuyahoga River is a local sink for site groundwater (see Section 7), it is unlikely that groundwater beneath 
EU 4 is contaminated with uranium.  If the drinking water pathway is not considered in the EU 4 risk 
assessment, then the total risk for the farmer in EU 4 would fall below the cancer risk range (Appendix 2B-
11a). 
 
8.2.6.2.4   Groundwater Exposure Risk Characterization 
 
Table 8-22 presents the cancer risk estimates for the two receptors that are assumed to have exposures to 
groundwater.  The subsistence farmer is assumed to use the site groundwater as a source of drinking water.  
The resulting incremental lifetime cancer risk from drinking site groundwater is 5E-04, which is above the 
acceptable cancer risk range identified by the USEPA and presented in the NCP.  Incremental cancer risk for 
the construction worker is lower at 1 E-08, which is below the USEPA target risk range.  The construction 
worker is assumed to only receive incidental exposure to site groundwater, and would use an external, 
uncontaminated source for drinking water.  
 
8.2.6.3   Radiological Dose Characterization 
 
As mentioned in Section 8.2.4, while the HHRA focuses on risk-based criteria ( i.e., the USEPA target risk 
range of 10-6 to 10-4 as identified in the NCP), it is conceivable that radiological dose-based limits may be 
selected for the site.  Therefore, the annual radiological dose rates (in mrem/year) were also calculated for 
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exposure to the radiological COPCs at the site.  The annual radiological dose rates were determined using 
RESRAD modeling in a manner similar to that used to estimate the carcinogenic risk.  That is, the annual 
dose rate was first calculated for each radionuclide and exposure pathway using the following equation: 
 

Annual Dose  =  I x DCF (Eq. 27)
 
 
 
where: 
 
Annual Dose = annual dose rate for a given radionuclide and exposure pathway (mrem/year) 
I =   annual intake of the radionuclide by that exposure pathway (pCi/yr) 
DCF = dose conversion factor (mrem/pCi) 
 
For a given pathway with simultaneous exposure to several radionuclides, the total annual dose rate for that 
pathway is the sum of annual doses for each radionuclide.  The total annual dose rate for that receptor is the 
sum of the pathway-specific doses over all appropriate pathways.  The applicable exposure pathways are 
scenario dependent, and not all pathways are relevant for each scenario.  The annual radiological dose rates 
(mrem/year) are summarized in Table 8-23 and are described below.  
 
To provide some perspective to the annual dose rates provided in Table 8-23, decommissioning guidance 
from the NRC given in Subpart E of 10 CFR 20 indicates that a site can be released for unrestricted use if the 
annual dose rate to an average member of the critical group does not exceed 25 mrem/year.  While this value 
has not been approved for use at this site, it does provide a reasonable point of reference for the calculated 
doses in this HHRA.  
 
8.2.6.3.1   Current Use Receptors Dose Characterization Results  
 
Trespasser – Adult 
 
The adult trespasser scenario under current conditions is the same as the recreational visitor for future use 
conditions at the site.  Exposure to surface soil results in a range of annual dose rates for the different soil 
EUs evaluated, from a maximum annual dose rate of 2.5 mrem/year at 1,000 years in EU 1, to 0.0056 
mrem/year at year 0 in EU 4 (Table 8-23).  The main contributors to dose are the same as the main 
contributors to risk, discussed in Section 8.2.6.2.2.  The annual dose rate for exposure to surface water and 
sediment in EU 6 is 8.8 E-03 mrem/year (Table 8-20).  All of these values are below the 25 mrem/year 
benchmark identified above.       
 
Trespasser - Adolescent 
 
The radiation doses to the adolescent trespasser are similar to those given for the adult trespasser.  Exposure 
to surface soil results in a range of annual dose rates for the different soil EUs evaluated, from a maximum 
annual dose rate of 2.5 mrem/year at 1,000 years in EU 1, to 0.0060 mrem/year at year 0 in EU 4 (Table 8-
23).  The main contributors to dose are the same as the main contributors to risk, discussed in Section 
8.2.6.2.2.  The annual dose rate for exposure to surface water and sediment in EU 6 is 4.5 E-03 mrem/year.  
(See also Table 8-20.)  All of these values are below the 25 mrem/year benchmark identified above.    
 
Maintenance Worker 
 
Exposure to surface soil results in a range of annual dose rates for the different soil EUs evaluated, from a 
maximum annual dose rate of 47 mrem/year at 1,000 years in EU 1, to 0.11 mrem/year at year 0 in EU 4 
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(Table 8-23).  The main contributors to dose are the same as the main contributors to risk, discussed in 
Section 8.2.6.2.2.    No exposure to surface water and sediments in EU 6 is assumed for this receptor.  The 
only dose rate that exceeds the 25 mrem/year benchmark identified above is the maximum dose at 1,000 
years of 47 mrem/year in EU 1.   
 
8.2.6.3.2   Potential Future Use Receptors Dose Characterization Results 
 
Recreational Visitor 
 
Please see the summary of results for the trespasser in the preceding section. 
 
Construction Worker 
 
Exposure to total soil results in a range of annual dose rates for the different soil EUs evaluated, from a 
maximum annual dose rate of 19 mrem/year at 1,000 years in EU 1, to 0.24 mrem/year at year 1,000 in EU 4 
(Table 8-23).  The main contributors to dose are the same as the main contributors to risk, discussed in 
Section 8.2.6.2.2.  Exposure to the underground utilities results in an annual dose rate of 57 mrem/year at the 
beginning of the evaluation period.  This is the only EU in which the annual dose rate exceeds the benchmark 
of 25 mrem/year.  This is mainly due to the presence of cesium-137 in the soil beneath the utilities coming 
out of Building G-1.  If cesium-137 were not considered in the dose assessment, exposure to the other 
radionuclides in EU 8 would result in a total dose less than 2 mrem/year throughout the evaluation period 
(Appendix Table 2B-16). 
 
Industrial Worker 
 
Exposure to surface soil results in a range of annual dose rates for the different soil EUs evaluated, from a 
maximum annual dose rate of 23 mrem/year at 1,000 years in EU 1, to 0.052 mrem/year at year 0 in EU 4 
(Table 8-23).  The main contributors to dose are the same as the main contributors to risk, discussed in 
Section 8.2.6.2.2.   The annual dose rates for the industrial worker are not expected to exceed the 25 
mrem/year benchmark identified above.    
 
Resident Adult 
 
Exposure to total soil results in a range of annual dose rates for the different soil EUs evaluated, from a 
maximum annual dose rate of 42 mrem/year at 1,000 years in EU 1, to 0.087 mrem/year at year 0 in EU 4 
(Table 8-23).  A third evaluation period was added for this receptor to address irrigation of homegrown 
produce.  For this evaluation the source term (radioactive contamination in soil) was modeled as it leaches 
from the soil particles and moves to groundwater, where it is then extracted and used as irrigation water.  The 
RESRAD model indicates that the concentration of uranium will peak in groundwater at 185 years.  At that 
time, the most significant contributor to the residential dose is from ingestion of uranium in homegrown 
produce raised in a backyard garden; the produce contains uranium as a result of using contaminated water 
for irrigation.  However, the main contributor to dose is still thorium-230 at year 1,000, mainly from the 
ingrowth of radium-226, and the major exposure pathway is external gamma irradiation.  The annual dose 
rate for exposure to surface water and sediment in EU 6 is 1.6 E-03 mrem/year (Table 8-20).  The annual 
dose rates exceed the benchmark of 25 mrem/year in only in EU 1, and only at the end of the evaluation 
period (1,000 years). 
 
Subsistence Farmer Adult  
 
The subsistence farmer receptor is unique in that it is the only receptor assumed to have a significant 
exposure to groundwater.  The farmer is assumed to use groundwater as a source of drinking water, as well 
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as for irrigation of fodder and crops including homegrown foodstuffs.  The residential receptor also assumed 
use of groundwater to irrigate a backyard garden.  However, the amount of homegrown produce consumed 
by the resident is significantly less than for the subsistence farmer.  In addition, unlike the subsistence 
farmer, the resident is assumed to drink water supplied from an uncontaminated municipal off-site source.  
The RESRAD computer code was used to model the migration of radionuclides to groundwater at the site.  
The additional exposure of the farmer to the groundwater led to the evaluation of additional variations of the 
farmer exposure scenario, which were not evaluated for the other receptors.  For the farmer, in addition to the 
baseline RME case, a CTE case was also evaluated.  Furthermore, for development of PRGs, it was assumed 
that any drinking water source would be treated as appropriate to limit the concentration of total uranium to 
no more than that allowed by the USEPA MCL (i.e., 30 μg/L), and not the concentration of total uranium 
modeled by RESRAD as leaching from the soil into groundwater.  The irrigation water was still assumed to 
have a concentration of uranium as modeled by RESRAD for leaching of radionuclides from soil particulates 
to groundwater. 
 
For the baseline case (i.e., using groundwater containing uranium concentrations as modeled by RESRAD 
for all exposure pathways), exposure to total soil using RME factors results in a range of annual dose rates 
for the different soil EUs evaluated, from a maximum annual dose rate of 340 mrem/year at 185 years in EU 
1, to 0.28 mrem/year at year 0 in EU 4 (Table 8-23).  As for the residential receptor, the groundwater 
concentration of uranium peaks at year 185.  At that time, the radiological dose is dominated by ingestion of 
uranium from drinking water. The concentration of neptunium-237 peaks in groundwater at year 335, so this 
time was also evaluated, although the total dose is greater at year 185 due to the greater concentrations (and 
contribution to dose) of uranium. Other than what is noted above, the main contributors to dose are the same 
as the main contributors to risk, discussed in Section 8.2.6.2.2.  The annual dose rate for exposure to surface 
water and sediment in EU 6 is 1.6 E-03 mrem/year (Table 8-20).  The annual doses exceed the benchmark of 
25 mrem/year in all EUs except 4 and 6 at the three later evaluation times considered.  The only exceedance 
of the 25 mrem/year benchmark dose at the beginning of the evaluation period (time 0) is in EU 2.  
 
For the baseline case using CTE factors, the resulting dose rates are all approximately 2 - 4 times lower than 
for the RME case (Table 8-24).    
 
8.2.6.3.3   Groundwater Dose Characterization  
 
Table 8-25 presents the dose assessment results for the two receptors that are assumed to have exposures to 
groundwater.  For the farmer, the resulting annual dose rate from drinking site groundwater is 62 mrem/year, 
which exceeds the 25 mrem/year benchmark.  The annual dose rate for incidental exposure of the 
construction worker to groundwater is 4.5 E-02 mrem/year.  The construction worker is assumed to only 
receive incidental exposure to site groundwater, and would use an external, uncontaminated source of 
drinking water.   
 
8.2.7  Uncertainty Analysis 
 
Risk values calculated in a HHRA are not fully probabilistic estimates of risk, but are conditional estimates 
given a considerable number of conservative assumptions about exposure and toxicity.  Therefore, there are 
many uncertainties inherent in the risk assessment evaluations.  Uncertainty will always surround estimates 
of environmental concentrations at waste sites.  The objective is to understand, minimize, and address this 
uncertainty in the risk assessment.  There are uncertainties with the exposure assessment, the toxicity 
information used in the risk assessment, and the risk characterization. 
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8.2.7.1   Uncertainty Related to Environmental Data 
 
Uncertainty is associated with the process of data collection, analysis, and evaluation.  The characterization 
of data from waste sites presents considerable uncertainty due to variation in wastes, environmental media, 
and time.  Characterization of surface water and sediment is especially difficult, due to impacts from other 
discharges in the area. 
 
Surface soil is defined as 0 to 2 ft bgs in this HHRA.  Some receptors may only be exposed to soil intervals 
shallower than 0 to 2 ft.  For example, surface soil is sometimes defined as 0 to 6 in. bgs.  In addition, the 
CSM for this project indicates that soil contamination is at least partly the result of deposition of airborne 
uranium from Building G1.  However, subsequent re-grading and re-filling of areas on the site could have 
brought any surface contamination into deeper soil layers.  The soil data were evaluated to determine any 
differences in EPCs between the two different surface soil intervals (0 to 2 ft versus 0 to 6 in.).  Note that 
only radionuclides were analyzed from the 0 to 6 in bgs interval.  An examination of the total uranium EPCs 
reveals that the 0 to 6 in. EPCs are higher than the 0 to 2 ft EPCs for most EUs.  However, this is partly a 
function of the lower density of sampling results available at the 0 to 6 in. interval vs. the 0 to 2 ft interval.   
 
When the 0 to 2 ft uranium EPCs are replaced by uranium EPCs from the 0 to 6 in. interval, then all of the 
HIs for all receptors exposed to surface soil are increased.  However, only the HI for the industrial worker 
becomes greater than 1 (at 1.2).  The carcinogenic risks and radiation dose rate estimates would also increase 
at year 0, since uranium-238 is a significant contributor to the risk and dose via external gamma irradiation.  
However, this will have minimal impact on the estimates at year 1,000 since the main COPC driving the 
risks and doses at that time is thorium-230, mainly due to ingrowth of radium-226.  Since the cancer risks 
and radiation dose rates at year 1,000 are much larger than those at year 0, these values will determine the 
extent of necessary action at the site.  The overall impact on the results presented in this HHRA based on the 
manner in which surface soil was defined is considered to be very low. 
 
The sampling program at the Former Harshaw Chemical Site was designed to minimize the potential to 
underestimate EPCs.  Background levels were established using data collected from locations on or near the 
site.  Background was established to distinguish between naturally occurring or ubiquitous anthropogenic 
chemicals found near the site from chemicals associated with past waste activities at the areas under 
investigation.  Upgradient and downgradient surface water and sediment samples were collected in order to 
characterize chemicals associated with the EUs. 
 
Uncertainty was minimized in the analysis of the data by adhering to strict QA/QC standards both in the field 
and in the laboratory.  The uncertainty associated with the statistical analysis of environmental data is low, 
with little introduction of bias.   The results of metal analyses from Phases I and II were flagged, “J”, which 
means that the result is an estimated value. Flags added during the USACE review of the phase II data were 
due to lack of tuning data for the ICP-MS and internal standard data.  This is documented in the validation 
reports. 
 
Another general uncertainty in this risk assessment concerns the fact that only COIs were included in the 
laboratory analytical suite for samples taken from this site.  As noted in Section 8.2.2.4, other heavy metals 
(antimony, arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, silver), some volatile 
organic compounds (benzene, chloroform), as well as semi-volatile organic compounds (PAHs) have been 
detected on-site (see Appendix Table 2A-11).  These constituents have the potential to contribute to 
unacceptable risk, but cannot be quantified due to lack of data, as data were only obtained for the COIs.  
Therefore, total risks due to exposures to all chemical COPCs on this site are underestimated.     
 
Since uranium was a major radioactive contaminant processed at the Former Harshaw Chemical Site, it was 
the focus of the characterization program for radionuclides. Natural uranium in the form of yellowcake, 
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brown oxide, and black oxide was the main feed material to the site (Section 2.2.1.3).  Uranium is present as 
three isotopes in natural uranium in the approximate activity ratio of uranium-238:uranium-235:uranium-234 
of 1.0:0.046:1.0.  As such, the characterization program generally targeted uranium-238 to define the nature 
and extent of radioactive contamination at the site.  As noted in Section 8.2.1.3, the activity of uranium-234 
was estimated by setting it equal to the uranium-238 activities measured on-site.  Since some of the uranium 
processed at the Former Harshaw Chemical Site was actually recycled and therefore slightly depleted in 
uranium-234 activity, this would tend to slightly over-estimate the activity of uranium-234 actually present 
on-site.  This would lead to an overestimation of risks from uranium exposure at the site.   
 
The potential for the presence of radionuclides that may exist as contaminants in a recycled uranium source 
term (e.g., technetium-99, europium-152, europium-154, uranium-233, uranium-236, plutonium-238, 
plutonium-239, plutonium-241, neptunium-237) was not evaluated until the fourth phase of the investigation.  
In order to minimize the time and cost associated with obtaining new data concerning the potential presence 
of these constituents on-site, rather than re-obtaining new soil samples, archived samples from earlier 
investigative phases were re-analyzed for these new constituents.  Those archived samples with the greatest 
potential to contain measurable amounts of recycled uranium constituents were chosen by preferentially re-
analyzing samples that were known to contain elevated uranium-238 and/or thorium-230.  In this way, the 
data sets for recycled uranium contaminants were believed to be biased high.  Although the data sets for 
these constituents are smaller than the data sets for other radionuclides measured in earlier investigative 
phases (such as uranium and thorium), the resultant data obtained by this approach is expected to be 
conservative regarding the potential presence or absence of recycled uranium contaminants at the Former 
Harshaw Chemical Site.  
 
Most of the radioactive decay products present in the original ore would be expected to have been discharged 
to the tailings pile at the uranium milling site, and would therefore not be present in the uranium materials 
sent to the site.  One possible exception is thorium-230.  It has been estimated that up to 5% of the thorium-
230 present in the original ore could be retained in the uranium product at the mill site (yellowcake and black 
oxide), and would therefore have been present in the feed materials to the Former Harshaw Chemical Site 
(NRC 1980).  Characterization of the site indicated higher than originally anticipated levels of thorium-230.  
In fact, the EPCs for thorium-230 are comparable to the values for uranium-238 in EUs 1 and 5.  This could 
be a result of the manner in which the data were collected and analyzed (a smaller data set was available for 
thorium-230, and the EPC in many cases represents the maximum reported value). 
 
A screening evaluation was performed for all COPCs based on comparisons to background, frequency of 
detection, and risk-based screening values to eliminate those COPCs that are not major contributors to the 
human health risks at the site as discussed in Section 8.2.2.  This results in the elimination of some COPCs 
that are present at the site in low concentrations from the quantitative evaluations.  While this helps focus the 
assessment, it also results in a slight underestimate of the carcinogenic risks, HIs, and radiation doses at the 
site.  This is a generally accepted approach for conducting risk assessments, and is consistent with USEPA 
guidance. 
 
The effect of eliminating some COPCs from the quantitative evaluations by this screening approach was 
reduced for radionuclides by the use of the RESRAD computer code.  This computer code includes 
algorithms that account for future ingrowth of radionuclides associated with longer-lived parent 
radionuclides.  For example, thorium-228 was eliminated as a radioactive COPC in some EUs as the 
maximum measured concentration was below its risk-based screening level.  However, the RESRAD 
computer code accounts for future ingrowth of this radionuclide from its longer-lived parent radionuclides 
radium-228 and thorium-232.  So even though the contribution of thorium-228 is not included at year 0 (as is 
the case for all COPCs eliminated based on the screening evaluation), its contribution is included in the 
results presented at year 1,000; the concentration of thorium-228 will reach secular equilibrium conditions 
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with radium-228 in about 20 years.  The overall effect of the approach used to eliminate certain COPCs from 
the BRA based on screening considerations is considered to be very low. 
 
Radium-226 concentrations were reported by measuring bismuth-214, a daughter product of radon-222, via 
the on-site BEGe gamma spectroscopy laboratory.  However, when the soil sample is collected, some of the 
radon-222 gas may be lost as the soil is disturbed and the sample is processed for analysis.  Therefore, 
sufficient time must be allowed for re-establishment of secular equilibrium conditions between radon-222 
and radium-226 in the soil sample in order to accurately correlate the amount of radon-222 decay products 
(which can be measured by gamma spectroscopy) with the parent isotope, radium-226.  Since the on-site 
BEGe laboratory was focused on producing a rapid turn around time for uranium results, an adequate holding 
time to measure radium-226 was not always used before the soil sample was analyzed via the on-site BEGe 
laboratory.  To determine whether the true radium-226 concentrations were being underestimated by the on-
site BEGe laboratory, some of these samples were recounted using the off-site gamma spectroscopy 
laboratory (GEL) after an appropriate holding time had passed.  As discussed in Section 6.1.1.4, it was 
concluded that the on-site BEGe laboratory may have underestimated radium-226 concentrations by 
approximately 14%.  For example, the EPCs of radium-226 in soil exposure units vary from 1.39 to 2.06 
pCi/g.  If the actual EPCs of radium-226 in soil exposure units really should be 14% higher, than actual 
radium-226 EPCs would still be only between 1.47 to 2.35 pCi/g.  Although the overall conclusion is that 
risks and doses due to exposure to radium-226 at the site may have been underestimated by approximately 
14%, this is not a significant difference.  Radium-226 is, in general, not a risk driver at the site.   
 
As noted in Section 8.2.1.1, kerosene was identified as a COI at the Former Harshaw Chemical Site because 
it was used in one of the uranium purification steps.  The concentration of kerosene at the site was estimated 
as TPH-DRO, which mainly detects medium-range aliphatic compounds.  In Section 8.2.5.1, it was 
explained that the toxicological properties of kerosene may be estimated from the non-carcinogenic toxicity 
of medium range aliphatics, as they are the main constituent of kerosene (ATSDR 1999, USEPA 2002b, and 
USEPA 2004b).  However, total petroleum hydrocarbons (TPH) represents the total mass of hydrocarbons 
without identifying the individual compounds.  In other words, the analytical method for TPH-DRO may be 
detecting other compounds aside from the medium-range aliphatics.  Therefore, the actual concentration of 
medium-range aliphatics (i.e., kerosene) may be less than the concentrations of TPH-DRO reported at the 
site.  This would tend to overestimate the risk to kerosene.  However, other considerations regarding 
characterization of kerosene and associated risks are further discussed below.   
 
A concern was raised that kerosene could also contain some aromatic and carcinogenic constituents such as 
benzene, toluene, ethylbenzene and xylenes (BTEX) as well as PAHs, that, if not accounted for, could 
underestimate the overall risk from exposure to kerosene.   Because these types of constituents were not 
included in the USACE RI analyses, a literature search was performed to determine the potential presence of 
aromatic and carcinogenic constituents in kerosene.  The most recent document available regarding kerosene 
composition states, “The major components of all kerosenes are branched and straight chain paraffins and 
naphthenes (cycloparaffins), which normally account for at least 70% by volume of a process stream. 
Aromatic hydrocarbons in this boiling range, mainly alkylbenzenes (single ring) and alkylnaphthalenes 
(double ring) do not normally exceed 25% by volume of kerosene streams.  The distillation range of 
kerosenes is such that benzene (80 °C boiling point) and n-hexane (69° C boiling point) concentrations are 
always below 0.01 % by mass. The boiling points of the 3 - 7 fused-ring polycyclic aromatic 
[hydro]compounds (PAHs) are well above the boiling range of straight-run kerosene streams.  Consequently, 
the concentrations of PAHs found in kerosenes are very low, if not below the limits of detection of the 
available analytical methods.” (HPV Testing Group 2003).  
 
The Total Petroleum Hydrocarbon Working Group has published a series of volumes on total petroleum 
hydrocarbons, including a volume specifically regarding the composition of petroleum mixtures (AEHS 
1998).  In a table summarizing the composition data for kerosene fuel oil, BTEX compounds are not listed.  
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Naphthalene is listed with a maximum weight percentage of 0.46 percent.  Other PAHs, such as 
phenanthrene, are listed with average weight percentages of 0.06 percent or less.  None of the carcinogenic 
PAHs are listed as constituents of kerosene, according to the information presented in the TPH Working 
Group document.  The implication for risk characterization of kerosene considering the possible presence of 
PAHs in kerosene is discussed in Section 8.2.7.4. 
 
During the groundwater characterization efforts, groundwater samples were obtained from temporary well 
points and temporary piezometers.  Some of these samples were filtered prior to submitting for laboratory 
analysis, but this was not the case for all samples analyzed.  Use of sampling results from temporary well 
points that were not filtered prior to analysis would result in an overestimation of actual concentrations of 
groundwater COIs, as this sampling method tends to result in greater turbidity in the groundwater samples.  
To be conservative, the HHRA utilized these unfiltered sample results (from both temporary well points, as 
well as from monitoring wells) in the risk and dose characterization of groundwater.  This resulted in an 
unacceptable risk to the subsistence farmer due to exposure to the groundwater, mainly due to elevated 
concentrations of uranium.  However, filtered groundwater samples from monitoring wells also had elevated 
levels of uranium, and use of those sample results in the HHRA would still result in an ILCR of greater than 
1E-04 for the subsistence farmer. 
 
8.2.7.2   Uncertainty in Exposure Assessment 
 
Exposure assessment may introduce considerable uncertainty in the risk assessment process.  Uncertainty in 
all elements of the exposure assessment are brought together and compounded in the estimate of intake or 
dose.  The professional judgment of the risk assessor becomes particularly important.  The risk assessor must 
examine and interpret diverse information, including the nature, extent, and magnitude of contamination; 
transport of chemical and radioactive contaminants in the environment; identification of exposure routes; 
identification of receptor groups currently at risk and potentially at risk in the future; and activity patterns of 
receptors and receptor groups. 
 
The following types of uncertainty have been identified in the exposure assessment:  
 
• Scenario Uncertainty: Missing or incomplete information needed to define the exposure scenario or 

pathway; 
• Model Uncertainty: Inability to quantify all assumptions in model variables; and  
• Parameter Uncertainty: Inadequate information to quantify an exposure variable or parameter. 
 
Another uncertainty involves calculation of the EPC.  As noted in Section 8.2.3, the UCL, a conservative 
estimate of the mean, is used as the EPC for each medium in each EU.  Calculating mean and associated 
UCL values for the mean presume that the underlying data set is representative of exposure unit under 
consideration.  The majority of data within EUs are clustered in areas where there was a reason to believe 
contamination was more likely present.  This would likely bias high mean and UCL estimates (presuming the 
original CSM regarding where contamination was likely was correct), resulting in conservative dose and risk 
estimates. 
 
In calculating the EPC, all data are used, regardless of whether the sampling result is greater than the method 
detection limit (for chemical constituents) or greater than the method uncertainty (for radiological 
constituents).  The radioactivity in a given sample is always reported, although the uncertainty (or detection 
limit) for that result may be greater than the reported result.  In this case, to estimate the concentration of 
radioactivity in that sample, the actual concentration may be used.  However, in many instances, the actual 
result may be a negative number (indicating it is below the instrument background concentration of 
radioactivity). As noted in Section 8.2.3.4, if the data set is lognormal, each result would be transformed to a 
log number to calculate the UCL.  Since it is not possible to determine the log of a negative number, instead 
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of using the actual result directly in the calculation, one-half the detection limit is used instead.  This 
substitution is consistent with what was done in calculating the UCL for the chemical constituents.  It should 
be noted that substituting one-half the detection limit (a positive number), rather than using the actual result 
(which could be a negative number for radiological constituents, or a zero for chemical constituents), will 
overestimate the total concentration or radioactivity in that data set, especially if many of the actual results 
are negative.   
 
For the environmental data set, the UCL on the mean was determined by one of two methods:  using the 
student-T statistic for normally distributed data, or using Land’s method and the H-statistic for all other data 
sets.  More sophisticated methods for calculating UCLs are available, such as the USEPA’s ProUCL tool 
(USEPA 2002a).  The ProUCL tool was not used for developing EPCs for the HHRA and SLERA due to the 
inefficiency involved in handling the data with this tool.  For data sets that are highly skewed, the 
development of the UCL on the mean introduces an even greater uncertainty.   Such is the case for the 
uranium-238 results in EU 5.  The vast majority of samples analyzed in this EU are at or near background 
concentration of uranium, with the exception of two sample results of 2,550 and 5,537 pCi/g uranium-238.  
These two samples were collected in the 0 to 2 ft bgs interval.  Because the UCL of the mean calculated for 
the uranium-238 soil data set in EU 5 was lower than the straight mean of that data set, the uranium-238 soil 
data from EU 5 were subjected to the statistical evaluations in ProUCL.   
 
The UCL for the 0 to 2 ft bgs soil interval data set recommended by ProUCL was 284 pCi/g, compared to 
13.3 pCi/g calculated using the H-statistic (Table 8-6).    The UCL for the 0 to 13 ft bgs soil interval data set 
recommended by ProUCL was 154 pCi/g, compared to 4.83 pCi/g calculated using the H-statistic (Table 8-
6).  These alternative EPCs are 21 and 31 times higher than the EPCs used in the 0 to 2 ft bgs and 0 to 13 ft 
bgs soil intervals in the HHRA, respectively.  In fact, these alternative EPCs represent the highest EPCs for 
uranium-238 for any of the EUs examined.  If these alternative EPCs are used instead of the EPCs presented 
in Table 8-6, then in EU 5, the HI for exposure to total uranium (chemical) in EU 5 would exceed the 
acceptable risk threshold of 1 for the resident child and subsistence farmer child.  However if the alternative 
EPCs are used in the radiological risk and dose assessment, the conclusions would not change significantly 
as the risks and doses in EU 5 that were already identified as being above an acceptable threshold (i.e., 1E-04 
ILCR or 25 mrem/year, respectively) would still be above those thresholds, and the risks and doses for other 
receptors that were below that threshold would not increase enough to cross that threshold.   Therefore, 
although there is some uncertainty in the true UCL on the mean for uranium-238 in EU 5, this uncertainty 
does not have a large effect on the conclusions of the BRA.  This EU will still be carried forward to the FS, 
where individual uranium sample concentrations, rather than an EU-wide EPC, will be compared to a chosen 
remediation goal in order to estimate volumes of contaminated soil that require remediation. 
 
In addition, the data set for the 0 to 2 foot interval for uranium in EU 1 was also subjected to the statistical 
evaluations in ProUCL.   That evaluation determined that this data set actually fits a lognormal distribution at 
a 5% significance level.  Therefore, use of the H-statistic is the method recommended by ProUCL for 
determination of the UCL on the mean.  For this data set, the recommended UCL matches the EPC presented 
in Table 8-6. 
 
Receptors for the EUs at the site were defined based on information provided by the facility and on-site 
observations.  Site-specific information for the EUs was used to develop exposure assumptions and intake 
parameters, if available.  However, many assumptions were based on USEPA standard default parameters.  
Many of the RME exposure parameters represent 90th to 95th percentile values.  When several upper bound 
values are combined in estimating exposure for any one pathway, resulting risk estimates may well be in 
excess of the 99th percentile exposure and thereby be outside the range of exposures that might reasonably be 
expected to occur at a site.  Therefore, resulting risks calculations are conservative and most likely 
overestimate the actual exposures that may be associated with the site.  Because none of the soil exposures 
resulted in HIs greater than the USEPA risk range (as presented in the NCP), only the RME exposure 
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parameters are used for non-carcinogens in this risk assessment.  The only carcinogenic COPCs at the site 
are radionuclides; therefore, there is no need to evaluate the CTE exposures for chemical risks at this site.  
Both RME and CTE exposures were estimated for some radionuclide exposures at the site. 
 
The risk assessment treats each exposure parameter as a single point estimate.  None of these parameters, 
however, is truly a single value.  Instead, a range of values or distribution would more accurately represent 
these parameters.  Defining a range of values for any given parameter is actually a measure of variability in 
the risk assessment.  Quantitative uncertainty analysis allows one to measure this variability, but poses 
difficulties because of the quantity and quality of data available. 
 
8.2.7.3   Uncertainties Related to Toxicity Information 
 
Standard toxicity values were used to estimate the health effects from hypothetical exposures to the 
radioactive and chemical COPCs at the Former Harshaw Chemical Site.  The HHRA addressed both the 
carcinogenic and non-carcinogenic effects associated with exposures to these constituents.  The only 
carcinogens evaluated in this HHRA are radionuclides, which have been determined to be Class A 
carcinogens by USEPA.  The health risks associated with radiation exposure have been studied for many 
years and are considered well known at high doses.  The radiological CSFs used in this HHRA are generally 
accepted by the scientific community as representing reasonable but conservative projections of the hazards 
associated with radiation exposure. 
 
The CSFs and DCFs used in this assessment are based on the assumption that there is no threshold for health 
effects (i.e., that there is some risk of cancer at all exposure levels above zero), and that the dose-response 
relationship is linear in the low-dose portion of the curve.  Under this assumption, the CSFs and DCFs are 
constants, and the risk and doses are directly related to intake.  In fact, a number of studies have been 
conducted which indicate that a threshold exists for radiation exposure (i.e., exposures below a certain level 
do not appear to result in cancer induction).  Nevertheless, the use of risk factors based on the protective 
assumption of a linear no-threshold dose-response relationship is the default approach for estimating 
radiological risks and should result in a conservative estimate.   
 
The radiological cancer risks were estimated using the CSFs given in FGR 13 (USEPA 1999a) and HEAST 
(USEPA 1995b).  These factors represent the estimated lifetime cancer risk per unit intake averaged over all 
ages and both genders, and include the impact of competing risks.  These CSFs were, in part, based on the 
extensive data file associated with human radiation toxicity, including data on individuals who survived the 
atomic bombs at Hiroshima and Nagasaki; epidemiological studies of medical exposures to humans, 
including the use of colloidal thorium-232 (thorotrast) when injected into patients as a radiographic contrast 
medium between 1928 and 1955; and studies of radium dial painters, radium chemists, and technicians 
exposed through medical procedures in the early 1900s.  These studies are identified and discussed in FGR 
13 (USEPA 1999a) and the references cited therein.  These CSFs have been used in numerous radiological 
risk assessments and provide a conservative but reasonable estimate of the risks associated with radiation 
exposure.  The greatest inhalation CSF was used in RESRAD for this assessment in situations where 
multiple values are available in FGR 13 (USEPA 1999a).  The uncertainly associated with using these 
standard factors to assess radiation toxicity is considered to be very low. 
 
Estimates of the radiation dose rate were made using standard DCFs given in FGRs 11 (USEPA 1988) and 
12 (USEPA 1993c).  These DCFs are based on the metabolic and anatomical model of an adult male, the 
ICRP reference man weighing 70 kg (about 150 pounds).  The ICRP selected such a standardized individual 
for its dosimetry models because the main concern was worker protection and the majority of radiation 
workers are adult males.  Although children are more susceptible to radiation exposure (i.e., the radiation 
doses are larger for children than adults for the same intake of radioactivity), such effects are only significant 
for very young children.  All of the receptors addressed in the radiation dose assessment were adults except 
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for the adolescent trespasser/recreational visitor.  The uncertainty associated with using DCFs developed for 
an adult for the adolescent trespasser is low, and does not significantly impact the radiation dose rates 
presented in this HHRA.  As described for the radiological CSFs, these DCFs have been used in numerous 
assessments, and evaluations for exposures to radiation, and the uncertainty associated with their use is 
considered to be low.    
 
More recently, the ICRP has issued Publication 72, which presents age-dependent DCFs for five ages of 
children ranging from 3 months to 15 years old (ICRP 2002).   A comparison of these age-dependent DCFs 
for the five ages used in ICRP 72 to the DCFs from FGR 11 developed for the reference man and used in the 
RESRAD calculations for the Former Harshaw Chemical Site was performed for uranium, the main 
FUSRAP contaminant on-site.  The uranium FGR 11 inhalation DCFs were slightly higher than the DCFs for 
the five ages of children in ICRP 72, even for the youngest age group (infant).  This is due to improvements 
in the respiratory tract model used in ICRP 72 from that used to develop the values in FGR 11, as discussed 
in FGR 13 (USEPA 1999a).  The updated model provides for more realistic projections of the radiation dose 
from inhaled radionuclides (i.e., some of the conservatism inherent in the original model was removed). Use 
of the inhalation DCFs from FGR 11 is more conservative than using the inhalation DCFs from ICRP 72 for 
all age groups.   
 
In a similar manner, the ingestion DCFs for children 10 and 15 years old are less than those for the reference 
man in FGR 11 due to improvements in the approach used to calculate doses from ingestion.  Use of the 
ingestion FGR 11 DCFs for these two age groups (as well as for adults) is conservative and provides higher 
estimates of the radiation dose than use of the ICRP 72 values.  However, the ICRP 72 age-dependent 
ingestion DCF’s for children ages 5 years, 1 year, and infants, were greater than the FGR 11 ingestion DCFs 
by factors of approximately 1.2, 1.8, and 4.8, respectively, for the uranium isotopes present at the site.   
Therefore, using the ingestion DCFs from FGR 11 for residential and farming scenarios which involve 
children, could underestimate the annual dose to very young children, especially infants.  This underestimate 
is not significant since individuals are only considered to be infants for the first year of life.  In addition, the 
ICRP 72 ingestion DCFs approach those in FGR 11 rather quickly with increasing age, becoming smaller by 
the age of 10.  So the radiation dose over the length of time that an individual would be expected to be 
exposed to the radioactive contaminants at the Former Harshaw Chemical Site is likely overestimated by use 
of the FGR 11 values for all age groups, rather than considering the specific ages at which exposure occurs 
and then summing over the individual’s lifetime.  The use of FGR 11 DCFs to calculate the annual doses to 
individuals from ingestion of uranium is considered to be appropriate for purposes of this risk assessment.   
 
Uncertainty is inherent within the toxicity assessment for chemical COPCs, and is primarily due to 
differences in study design, species, sex, routes of exposure, or dose-response relationships.  A major source 
of uncertainty involves using toxicity values based on experimental studies that substantially differ from 
typical human exposure scenarios.  The derivation of the toxicity values must consider differences such as 
using dose-response information from animal studies to predict effects in humans, using dose-response 
information from high-dose studies to predict adverse health effects at low doses, using data from short-term 
studies to predict chronic effects, and extrapolating from specific homogeneous populations to general 
heterogeneous populations. 
 
The derivation of reference doses generally involves the use of animal studies.  Uncertainty factors ranging 
from 1 to 10,000 are incorporated into the reference dose to provide an extra level of public health 
protection.  The factors used depend on the type of study from which the value has been derived (e.g., animal 
or human, chronic or acute).  The scientific basis for this practice is somewhat uncertain.  In general, high 
uncertainty factors are meant to bias the results conservatively, so that exposures at the reference dose level 
will not result in adverse health effects.  All of the estimated HIs were much less than unity, so conservatism 
in the RfDs used in this HHRA does not significantly impact the results.  
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Although USEPA provides toxicity values that are point estimates, a significant amount of uncertainty may 
surround these point estimates.  Identification of the sources of this uncertainty enables the risk assessor to 
establish the degree of confidence associated with the toxicity measures. 
 
There are many chemicals for which no toxicity values exist and for which little information is available.  
Therefore, a quantitative risk estimate cannot be calculated for these chemicals.  For example, many 
chemicals are not evaluated for the inhalation pathway because of limited inhalation-based toxicological 
information.  The lack of toxicity information for some chemicals contributes to the underestimation of risks. 
 
As noted in Section 8.2.1.1, kerosene was identified as a COI at the Former Harshaw Chemical Site because 
it was used in one of the uranium purification steps.  The concentration of kerosene at the site was estimated 
as TPH-DRO, which mainly detects medium-range aliphatic compounds.  In Section 8.2.5.1, it was 
explained that the toxicological properties of kerosene may be estimated from the non-carcinogenic toxicity 
of medium range aliphatics, as they are the main constituent of kerosene (ATSDR 1999, USEPA 2002c, and 
USEPA 2004b).  The USEPA Region X recommended modification of the provisional peer-reviewed 
toxicity value (oral RfD) used as the basis for the risk characterization for kerosene (0.03 mg/kg-day) was 
derived based on medium weight aliphatic compounds.  There is some uncertainty regarding whether or not 
all relevant studies on similar fuels (i.e., jet fuels and kerosene) were reviewed in development of this oral 
reference dose.  The derivation of this oral reference dose is unusual in that it considered a mixture, rather 
than a single constituent, as is typically done in toxicity studies.  This provisional peer-reviewed oral 
reference dose was issued in October 2002 and retired three years later; it has not been re-issued.   This adds 
another layer of uncertainty to the utilization of a TPH-DRO toxicity value for kerosene.  It is possible that 
the risks at the site could be overestimated or underestimated based on this uncertainty. 
 
There is some uncertainty with the criterion for the chemical toxicity of lithium, as only a provisional, not 
final toxicity assessment is available (USEPA 2008a).  Based on the toxicological hierarchy in Section 
8.2.5.1, the available PPRTV value is the second tier choice for evaluation.  The first choice for toxicity 
information is USEPA’s IRIS, but there is currently no IRIS value for a RfD or RfC for lithium.   As 
explained in the derivation of the pRfDo, adverse effects resulting from the use of lithium have been 
observed in patients receiving therapeutic doses (USEPA 2008a).  In fact, these various adverse effects, 
including side effects to the kidney, central nervous system, thyroid, and cardiovascular and gastrointestinal 
systems, occur across the entire target therapeutic range.   A no observed adverse effect level (NOAEL) 
could not be established for therapeutic lithium, and so a single critical effect was not established.  Rather, 
the lower bound of the therapeutic lithium dose was taken as the lowest adverse effect level (LOAEL) in 
order to derive the pRfDo.   In deriving the pRfDo, a composite uncertainty factor of 1,000 was applied in 
order to extrapolate from a LOAEL to a NOAEL (factor of 10), to protect susceptible individuals (factor of 
10), and to account for database insufficiencies (factor of 10).  USEPA indicates that confidence in this 
pRfDo is only low to medium (USEPA 2008a).  Furthermore, the resulting pRfDo is within the range of 
existing daily dietary intakes of lithium reported in the literature (USEPA 2008a). Because this pRfDo 
estimates that the level apt to cause toxicity is 1,000 times less than what could be prescribed for therapeutic 
purposes, there is a good deal of uncertainty in using this pRfDo for risk assessments at hazardous waste 
sites.  It is likely that the pRfDo used for lithium in the risk characterization overestimates the actual risk 
from site-related exposures to lithium.  
 
Finally, there is some uncertainty involved with the criteria of chemical toxicity for uranium.  As noted in 
Section 8.2.5.1, a hierarchy is used to select the toxicity criteria in the risk assessment.  If toxicity criteria 
exist in USEPA’s IRIS, then those are the toxicity criteria used.  In IRIS an oral reference dose for uranium 
soluble salts is given as 0.003 mg/kg-day.  In promulgating the MCL for community drinking water supplies, 
the USEPA used a provisional oral reference dose for uranium of 0.0006 mg/kg-day (USEPA 2000a).  The 
use of the provisional oral reference dose for uranium in this risk characterization would result in a greater 
hazard index from uranium exposure; however, it is not appropriate to use a provisional toxicity criterion 

Former Harshaw Chemical Site Page 8-51 
Remedial Investigation Report 
Revision 1  
December 2009 



 

when an established one has not yet been withdrawn from IRIS.  In addition, the lack of an inhalation 
reference dose for uranium could underestimate risk from exposure to uranium.  However, a recent journal 
article on uranium toxicity did indicate that the target organ for uranium toxicity is the kidney, irrespective of 
the route of entry (Kathren and Burklin 2008).   In this article, it was also noted that humans as a species 
seem to have a lower order of sensitivity to the toxic effects of uranium than the other mammalian species 
that have been studied, and that there has never been a death attributable to uranium poisoning in humans.  
Furthermore, the radiological effects of uranium (rather than its chemical toxicity) typically drive the 
remedial action objectives aimed at protection of human health at most FUSRAP sites.   
 
8.2.7.4   Uncertainties in Risk Characterization 
 
Uncertainties in any phase of the risk analysis are reflected in the risk estimates.  Some uncertainty is 
associated with the summation of risks and HQs for multiple chemical contaminants.  As stated in RAGS 
(USEPA 1989b), "The assumption of dose additivity ignores possible synergisms or antagonisms among 
chemicals, and assumes similarity in mechanisms of action and metabolism."  However, summing cancer 
risks and HQs for multiple substances in the risk assessment provides a conservative estimate. 
 
The characterization of risks to human health from hypothetical exposures at the Former Harshaw Chemical 
Site is of necessity based on a number of assumptions, and many uncertainties are inherent in the assessment 
process.  Uncertainties in any phase of the risk analysis are reflected in the overall risk estimates.  By 
protective design, conservatism is built into the assessment approach in a manner that biases results toward 
overestimates of actual site risks.  
 
A thorough site characterization program was conducted in accordance with approved sampling plans and 
quality assurance protocols.  This characterization program focused on uranium isotopes, since this was the 
major radioactive contaminant processed at the site.  The program also included non-radioactive metals and 
organic compounds to ensure that the site was fully characterized.  Later phases of investigation focused on 
characterization of the potential presence of thorium-230, as well as radionuclides associated with recycled 
uranium (such as uranium-236, technetium-99 and neptunium-237).   For the purposes of the risk assessment, 
the smaller data set for thorium-230 resulted in EPCs for thorium-230 that were comparable to the uranium-
238 EPCs in some areas of the site (especially in EU 1) which is consistent with expected conditions based 
on historical information.  Between 30 to 39 soil samples were analyzed for various recycled uranium 
constituents such as uranium-236, plutonium-239, technetium-99, and neptunium-237.  The few low level 
detections of these recycled uranium constituents were confined to EUs 1 and 2, as would be expected based 
on historical information.  The only recycled uranium constituent that was identified as a COPC after the 
screening steps were completed (Table 8-6) was neptunium-237.  This is due to a single detection (among 39 
soil sample analyses) of 0.96 pCi/g, which is just above the screening level of 0.85 pCi/g (see Section 
8.2.2.3).  The EPC for neptunium-237 in EU 2 total soils is 0.7 pCi/g.  When this EPC was carried forward to 
the quantitative risk calculations in EU 2, it resulted in an ILCR of 6E-06 for the subsistence farmer.  
Because it was so infrequently detected across the entire site (in less than 3% of samples site-wide, see Table 
8-6), it is not identified as a Significant COPC (preliminary COC) (Section 8.2.8.1.2).  The single detection 
of neptunium-237 at boring IA04-SB0054 contains uranium-238 activity of 141 pCi/g, so in the upcoming 
Feasibility Study, this area will be considered for remedial action targeting FUSRAP contamination at the 
site. 
 
The greatest area of uncertainty in the risk characterization is likely associated with the exposure assessment.  
Hypothetical receptors were identified and conservative assumptions developed to address potential 
exposures to the COPCs at the site.  Scenarios involving intensive exposure to these constituents are very 
unlikely to occur given the industrial setting of this site.  In addition, knowledge that this site has been used 
for a number of industrial activities over a long period of time would ensure that residential-type uses of this 
site would not occur for the foreseeable future.  While the exposure assessment is the greatest source of 
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uncertainty in the risk characterization process, conservative assumptions were used so that the assessment is 
biased toward overestimating the actual risks at the site. 
 
The only carcinogens characterized at the site are radionuclides, and there is very good information as to the 
hazards associated with exposures to these contaminants. Other chemicals used during MED/AEC activities 
at the site that may contain carcinogenic compounds, such as kerosene, were also evaluated, although not for 
carcinogens which may be associated with total petroleum hydrocarbons.  It should be noted that other COIs 
(i.e., radionuclides) on the Former Harshaw Chemical Site are found at much greater concentrations relative 
to background values (both natural and industrial) than kerosene.  Therefore, the relative contribution of 
kerosene to overall site risk remains small compared to risk due to exposure to uranium and other 
radionuclides at the site.  
 
The background screen presented in Section 8.2.2.1 utilized results of samples taken from Cleveland Metro 
Parks, a non-industrial or “natural” background location. The background screening value for these natural 
soil samples is 19 mg/kg of TPH-DRO.  In contrast, samples taken closer to the former Harshaw Chemical 
Company site, in the industrial neighborhood surrounding the site, had a much greater level of TPH-DRO.  
The background screening value for these industrial soil samples is 2,070 mg/kg in the surface soil (0-2 foot 
bgs interval) (Table 8-7).  Although most samples on the Harshaw Chemical Company site had TPH-DRO 
concentrations above the natural soil background level, only 2 soil sampling locations in EU 1 (IA03) had 
TPH-DRO concentrations above the industrial soil background level.  These 2 elevated TPH-DRO results are 
co-located with elevated uranium concentrations.  Carrying all TPH-DRO concentrations above natural 
background soil levels of TPH-DRO forward to the risk characterization was a conservative measure.   
 
As noted in Section 8.2.7.1, kerosene may contain aromatic fractions that were not considered in the risk 
characterization for kerosene in this BRA.  Benzene could be present at weights up to 0.01%, naphthalene 
could be present at weights up to 0.5% weight, and other non-carcinogenic PAHs could be present at weights 
of up to 0.06%.  According to Table 8-6, the maximum detected concentration of TPH-DRO in site soils was 
5,960 mg/kg.   This means the soil could contain up to 0.596 mg/kg benzene, 29 mg/kg naphthalene, and up 
to 3.6 mg/kg of other PAHs such as phenanthrene.  The potential maximum concentration of benzene is 
below the EPA residential screening level.  The potential concentration of naphthalene is slightly greater than 
the EPA regional screening level for industrial soil (at 20 mg/kg), based on a carcinogenic endpoint with a 1 
in 1,000,000 excess lifetime cancer risk.  However, the concentration is still lower than Ohio EPA’s target 
cancer risk limit of 1 in 100,000.  No EPA regional screening level exists for phenanthrene, but EPA regional 
screening levels for non-carcinogenic PAHs are orders of magnitude above detected concentrations.  In 
conclusion, although kerosene may contain some aromatic constituents, the most toxic (carcinogenic) of 
these constituents are likely not to exist as significant portions of kerosene, and not including them in the 
quantitative risk assessment should not have resulted in a significant underestimate of risk at the site.   
 
All of the radionuclides in the three naturally occurring decay series associated with the main radioactive 
materials processed at the site were addressed in this HHRA.  The cancer risks and radiation dose rates were 
estimated using CSFs and DCFs developed by the USEPA based on the extensive amount of data associated 
with the health effects associated with radiation exposures.  While most of these data are associated with 
much higher doses and dose rates than would likely occur from the radioactive contamination remaining at 
the site, use of the linear no-threshold dose-response relationship provides a conservative bias to the 
calculations. 
 
The carcinogenic risks were evaluated for both adult and child receptors, while the radiation doses were 
generally only calculated for adults (the exception being an adolescent trespasser and recreational visitor).  
This was done to be consistent with the underlying assumptions used to develop the CSFs and DCFs.  The 
CSFs are age-averaged values and are provided in FGR 13 (USEPA 1999a) and HEAST (USEPA 1995b).  
The DCFs are limited to adult receptors (specifically adult males) and are given in FGR 11 (USEPA 1988) 
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and FGR 12 (USEPA 1993c).  This approach should help reduce the uncertainty associated with using these 
factors in the risk characterization process. 
 
In developing the EPCs for radionuclides, one-half of the detection limit was used for samples that were 
indicated as being below the MDC.  This is the same approach as used for the chemical COPCs but is 
different than the usual protocol for radionuclides, in which the actual measured value is generally used for 
all measurements even those being below the MDC.  This is a conservative approach and adds a small 
amount of uncertainty to the EPCs for the radioactive COPCs evaluated in this HHRA. 
 
The hazards associated with chemical COPCs at the site were evaluated in terms of the HI.  The HI 
represents the sum of HQs of chemicals not expected to induce the same type of effects, or that do not act by 
the same mechanism.  Summing the HQs without considering the type of effect tends to overestimate the 
total HI. 
 
The carcinogenic risks and HIs were calculated based on the total measured concentration of each COPC 
(i.e., background values were not subtracted from the measurements before calculating the EPC).  For the 
radiation dose rates, background values were subtracted so that the estimated dose rates provided in this 
HHRA are net (or above background) values.  This was done to provide additional conservatism to the risk 
and HI calculations, while still maintaining consistency with the radiation dose rate benchmark given in 
Subpart E of 10 CFR 20, which indicates that a site can be released for unrestricted use if the above-
background dose rate to an average member of the critical group does not exceed 25 mrem/year.  The 
uncertainty introduced by this approach on the results presented here is low. 
 
Thus, while there are a number of uncertainties in the risk characterization results presented in this HHRA, 
the use of conservative assumptions and approaches ensure that the actual risks and radiation dose rates are 
not underestimated.  The actual hazards at the site are likely much lower than indicated in this assessment. 
 
8.2.8  HHRA Summary and Identification of COCs 
 
8.2.8.1   Identification of Preliminary COCs  
 
For non-carcinogens (i.e., chemicals), preliminary COCs have been identified as those COPCs that exceed an 
acceptable non-cancer risk criterion (HI) of 1 (as defined in the NCP) for a given receptor and pathway.  For 
carcinogens, (i.e., radionuclides at the Former Harshaw Chemical Site), preliminary COCs have been 
identified as those COPCs that exceed an acceptable cancer risk criterion of 1 x 10-6 in an EU that exceed a 
total incremental cancer risk of 1 x 10-4.   
 
8.2.8.1.1   Preliminary Chemical COCs 
 
The chemical COCs identified are uranium and lithium in groundwater, and lithium and kerosene in soils.  
Exposure to groundwater (as a drinking water source) posed an unacceptable risk to the subsistence farmer 
receptor, both adult and child.  No other media contained concentrations of uranium elevated enough to pose 
a non-cancer risk above the acceptable threshold of a HI of 1.  None of the receptors were exposed to 
uranium in the soil at concentrations that would pose a HI greater than 1.   Lithium posed a risk only to the 
child farmer receptors in two exposure units, EU’s 1 and 3, and kerosene only posed a risk to the child 
farmer in EU 1.  In EU 2, the total HI was above 1 when all chemical risks were added together.  However, 
when separated according to the target organ of the critical effect for each individual constituent, all HI’s are 
below 1 in EU 2.  It is only appropriate to add non-carcinogenic chemical risks together when the chemical 
toxicities target the same organ.  A critical effect could not be established for the pRfDo for lithium, and so 
the additivity for lithium and uranium hazard indices is highly uncertain. 
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8.2.8.1.2   Preliminary Radiological COCs   
 
The results of the risk characterization for radiological constituents for the site indicate there is risk to human 
receptors for the COPCs as identified in Table 8-26 for the RME scenario.  Preliminary COCs are specific to 
EUs, media and receptors, and include the following:  
 
• Surface and subsurface soil:  radium-226 (in equilibrium with lead-210), thorium-232 (and associated 

decay products), thorium-230, and total uranium (uranium-234, uranium-235, and uranium-238); and 
• Groundwater: thorium-230 and total uranium.   
• No radiological COCs were identified in surface water or sediments. These constituents represent the 

significant radiological contribution to human health risk at the site and will need to be addressed in the 
FS. 

 
8.2.8.2   Development of Site-specific PRGs 
 
PRGs are media–specific constituent concentrations that are associated with acceptable levels of chemical or 
radionuclide intake.  PRGs were developed in accordance with USEPA’s Risk Assessment Guidance for 
Superfund methodology (USEPA 1991a and USEPA 1991b).  The exposure parameters used to develop 
these values are the same ones discussed in Section 8.2.3.4 and used to calculate exposure and risk in this 
HHRA.   
 
8.2.8.2.1   PRGs for Chemicals 
 
Site-specific remediation goals have been calculated for lithium and uranium (chemical toxicity) in both 
groundwater and soil, based on methodology presented in RAGS Volume 1, Part B (Chapter 3) and are 
presented in Table 8-27.  As noted above, uranium was only identified as a COC for groundwater.  This is 
because in soil, the EU-wide EPCs for uranium are below concentrations that would pose an unacceptable 
risk to receptors exposed to soil.  However, small areas of elevated concentrations of uranium do exist in the 
soil.  Therefore, uranium PRGs for soil were also developed for the range of receptors evaluated.  The PRGs 
presented in Table 8-27 were developed based on a HI of 1 each for lithium and uranium, i.e., the toxicities 
were not considered additive for purposes of the developing the PRGs at this stage.   
 
PRGs were calculated for six receptors including adult and child resident, adult and child farmer, an 
industrial worker, a maintenance worker, a construction worker and trespasser/recreational visitors (adult and 
adolescent), for both soil and groundwater.  For the chemical PRGs, the target risk level for non-cancer 
PRGs was defined as a target HI of 1. Exposure parameters used to calculate chemical PRGs are presented in 
Table 8-10.  These parameters correspond to the RME scenario for each receptor. 
 
For groundwater, site-specific PRGs were calculated using the equations given in Section 8.2.3.5.  Soil and 
groundwater PRGs for uranium (chemical toxicity) are presented in Table 8-27.  Soil PRGs for uranium 
range from 190 mg/kg to 15,000 mg/kg, depending on the land-use scenario and receptor.  PRGs for uranium 
in groundwater range from 92 μg/L to 320 mg/L, depending on groundwater-use scenario and receptor. 
 
8.2.8.2.2   PRGs for Radionuclides 
 
Remediation goals are media–specific radiological concentrations that are associated with acceptable levels 
of exposure. Site-specific PRGs are developed and applied in the context of EU and EPC or dose.  The PRGs 
were developed using RESRAD-derived dose-to-source ratios and risk-to-source ratios, consistent with the 
methodology presented in RAGS Volume 1, Part B (Chapter 3) and Sections 8.2.3.4 and 8.2.4.  Site-specific 
PRGs have been developed for all radiological COCs based on the most likely ARAR identified for the site 
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given in Subpart E of 10 CFR 20, which limits the annual dose to an average member of the critical group to 
25 mrem/year.  These dose-based PRGs are presented in Table 8-28.  In addition, PRGs were developed 
based on meeting an ILCR of 1 in 10,000 (1E-04).  The risk-based PRGs are presented in Table 8-29.   
 
For the PRG based on the subsistence farmer exposure scenario, the concentration of uranium in the 
hypothetically potable groundwater was limited to 30 μg/L, the MCL set by the USEPA.  It is assumed that 
restrictions would be set not allowing groundwater to be used as a source of drinking water if the total 
uranium concentration in the groundwater exceeded the MCL.  Therefore, the dose resulting to the farmer 
from drinking uranium-contaminated groundwater at this concentration (30 μg/L), was determined.  In order 
to determine the radiological dose associated with this concentration of total uranium, the concentration in 
mass units (μg/L) had to be converted to isotopic concentrations of radioactivity (in pCi/L for uranium-234, 
uranium-235, and uranium-238).  For this conversion, it was assumed that the ratio of uranium-234:uranium-
238 in site groundwater is 1.1:13.  The resulting dose is 5 mrem/year.  This dose was subtracted from the 
allowable overall dose limit set by 10 CFR 20 (25 mrem/year).  The remaining dose limit (20 mrem/year) 
was used to set the PRG for exposures to uranium from all other pathways (i.e., the drinking water pathway 
was assumed to be incomplete for this RESRAD run). 
 
The PRGs developed for groundwater based on radiological risk and dose are found in Table 8-30.    
 
8.3   HUMAN HEALTH RISK ASSESSMENT FOR BUILDING CONTAMINATION 
 
As with risk calculations for environmental media, building-related calculations parallel the HHRA for 
chemical constituents to the extent possible.  Many of the same exposure parameters are utilized (although 
units may vary), similar exposure pathways are considered (external gamma exposure replaces dermal 
contact), and similar exposure scenarios are evaluated.  The HHRA for radiological contaminants on building 
surfaces was conducted using modified RAGS equations so that intakes could be calculated per surface 
concentrations (e.g., dpm/100 cm2) on building media instead of per volumetric concentration (e.g., pCi/g) of 
some environmental medium.  The RESRAD family of codes includes RESRAD-Build, specifically 
designed for calculating dose from exposure to radionuclides on building surfaces.  A version of this code, 
which calculates risk or provides pathway-specific intake estimates, was not available for this HHRA.  
Therefore, the modified RAGS approach is utilized for the Former Harshaw Chemical Site given it provides 
flexibility and transparency in producing intake and both carcinogenic risk and radiological dose estimates 
for potential receptors. 
 
The methodology for evaluating risk from radiological constituents in building media presented in this 
HHRA is organized as follows: 
 
• Section 8.3.1 (Data Evaluation) provides the criteria that are used to evaluate and screen the Former 

Harshaw Chemical Site building SRC data, and determine the COPCs that are evaluated in the HHRA; 
• Section 8.3.2 (Building Data Screening) discusses the use of screening in the HHRA;  
• Section 8.3.3 (Exposure Assessment) defines the exposure setting, the CSM, exposure concentrations, 

and pathway-specific intakes; 
• Section 8.3.4 (Radionuclide Toxicity Assessment) presents the methodology and guidance that are used 

to perform the radiological toxicity assessment; 

                                                      
3 In the groundwater dataset obtained through 2006, there were 64 groundwater samples that had both isotopic uranium-
234 and isotopic uranium-238 activity concentrations reported.  None of these also had uranium-235 reported.  Of these 
64, only 23 had detectable and quantifiable activity concentrations for both uranium-234 and uranium-238. For these 23, 
the ratio of uranium-234 to uranium-238 ranged from 0.87 to 2.82, with an average value of 1.26, and a median value of 
1.04.   
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• Section 8.3.5 (Risk Characterization) presents the methodology used to conduct the risk characterization 
for COPCs and presents risk assessment results;  

• Section 8.3.6 (Uncertainty Analysis) outlines the criteria and guidance that are used to evaluate the 
uncertainties associated with the radiological HHRA; and 

• Section 8.3.7 (Building Risk Assessment Summary and Identification of COCs) presents the calculated 
values intended to be used as remediation threshold values. 

 
COPC screens and risk calculations for each pathway, medium, and EU are presented in Appendix 2C. 
 
Note that while the HHRA focuses on risk-based criteria, it is conceivable that radiological dose-based limits 
may be selected for the site.  The two primary differences in carcinogenic risk and radiological dose 
estimates include the following: 
 
• Carcinogenic risks are presented as lifetime estimates, while radiological doses are annual estimates; and 
• CSFs convert an exposure to risk (e.g., risk per pCi intake), while DCFs convert an exposure to an 

annual radiological dose (e.g., mrem/year per pCi intake). 
 
Beyond these two differences, carcinogenic risk and radiological dose calculations are identical.  Both risk-
based and radiological dose-base endpoints are presented in this HHRA for comparison against appropriate 
benchmarks. 
 
All radionuclides are identified as carcinogens.  Some radionuclides like uranium, however, are also known 
to have non-carcinogenic hazardous properties when ingested or inhaled (e.g., uranium is a kidney toxin 
independent of radiological characteristics).  The assessment of non-carcinogenic properties of uranium in 
environmental media is found in Section 8.2.1.3 of the HHRA, and is not repeated here for building media.  
Section 8.3.2 specifically assesses only the carcinogenic risk and radiological dose from exposure to 
radionuclides on building surfaces.  
 
8.3.1  Data Evaluation 
 
8.3.1.1   Initial Data Reduction and Building EUs 
 
Radiological contaminants on building surfaces are assumed to be the same as those found in site 
environmental media.  That is, it is assumed that a site process involving radionuclides either impacted both 
the buildings and the soil or impacted neither buildings nor the environment.  Thirty-six volumetric samples 
collected from various buildings media support this assumption with elevated results primarily for uranium 
isotopes (see Section 3.4.1.1 for methods and Section 6.3 for results).  Clearly, elevated results in building 
media are also reported for thorium-230, radium-226 (through its short-lived decay products) and americium-
241.  Americium-241 is associated with recycled uranium and was detected in three of the 36 samples at 4.06 
pCi/g, 4.76 pCi/g, and 11.7 pCi/g.  These three results are reported in samples that contain thousands of 
pCi/g of uranium and it is possible that spectral interferences contributed to these “detects” during laboratory 
measurements.  It can also be argued that potassium-40, cesium-137, and thorium-232 results include 
marginally elevated maximum detects (relative to the respective means), but clear indications of 
contamination are not evident.  Therefore, americium-241, potassium-40, and cesium-137 are not identified 
as COPCs for purposes of the buildings risk assessment.  The very low concentrations of these radionuclides 
relative to the reported values for uranium mean that they will make a very small contribution to site risks 
and do not need to be addressed quantitatively in this assessment.  Table 8-2 summarizes building media 
sample results collected from Building G-1, the Warehouse roof, and the Foundry roof. 
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The vast majority of the building data collected at the Former Harshaw Chemical Site, and the data used to 
calculate receptor risk, is reported in units of dpm/100 cm2 (see Section 3.4.1.2 for methods and Section 6.3 
for results).  These data were collected using a combination of hand-held, bench-top and continuous scanning 
instruments to measure surface activity that is non-radionuclide-specific.  Included in the scanning results 
dataset are: 
 
• Total beta activity; 
• Removable (i.e., smearable) beta activity; 
• Total alpha activity; 
• Removable alpha activity; and 
• External gamma dose rate. 
 
Because none of these data are radionuclide-specific, the volumetric data are used to establish relative 
activity ratios that can be applied to surface scan concentrations.  These ratios are calculated as the mean 
radionuclide concentration divided by the total associated activity (i.e., alpha or beta).  Alpha activity is often 
difficult to measure because thin layers of dust and moisture can act as an effective shield, thus precluding 
measurement.  Beta radiation is more penetrating and can typically be measured through dust, moisture, and 
even thin layers of paint.  The building survey results confirm these assumptions, thus it is assumed that the 
beta measurements are a more reliable indicator of contamination.  Finally, the primary contaminant 
(uranium) does have associated beta radiation through its short-lived decay products; thus the use of beta 
measurements is reasonable for estimating building-related receptor risk.  Table 8-31 presents the beta 
activity ratios (BARs) for potential SRCs. 
 
Note that even though direct measurements are not available for all the radionuclides listed in Table 8-31, 
concentration estimates are made from the available data.  Consulting Table 8-2, uranium-234 is assumed to 
be in equilibrium with uranium-238; radium-226 is estimated as the larger of the bismuth-214 and lead-214 
results; lead-210 is assumed to be in equilibrium with radium-226; and radium-228 was measured by gamma 
spectroscopy (from gamma radiation emitted by actinium-228), and the thorium-228 concentration was set 
equal to radium-228.   Protactinum-231 and actinium-227 were not detected in site soils (see Table 8-6) and 
so are not expected to be found in building materials.  Table 8-31 accounts for all eleven long-lived 
radionuclides in the uranium, thorium, and actinium decay series and certain other radionuclides that are 
identified in the site database.  Since uranium-238 +D accounts for nearly 96% of the betas identified in 
Table 8-31, the beta surface activity concentration data (dpm/100 cm2) discussed in Section 8.3.2 will be 
applied to uranium-238 +D.  Uranium-238 +D and the other potential SRCs listed in Table 8-31 are included 
in the risk assessment using the ratio of their mean concentrations (pCi/g) relative to the mean concentration 
of uranium-238 +D. 
 
Building EU boundaries are based on master survey units developed for use during the RI building radiation 
surveys to divide building surfaces into manageable survey areas.  Building EU boundaries are defined 
below:   
 
• EU B1 - Building G-1 exterior; 
• EU B2 - Building G-1 East Structure interior and 1st floor (partial); 
• EU B3 - Building G-1 2nd level and South Structure interior and 1st floor (partial); 
• EU B4 - Building G-1 North Structure interior and 1st floor (partial); 
• EU B5 - Boiler House exterior; 
• EU B6 - Boiler House interior and floor; 
• EU B7 - Foundry exterior; 
• EU B8 - Warehouse exterior; 
• EU B9 - Warehouse interior; 
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• EU B10 - Garage exterior; 
• EU B11 - Scale House exterior; and 
• EU B12 - Scale House interior. 
 
Building G-1 is located within IA01, while all other buildings are grouped into IA02.  Building data were 
grouped into EUs by considering the building configuration and location.  For example, data for the Foundry 
were not combined with data from any other building.  Data were also grouped into indoor and outdoor 
datasets assuming associated interior/exterior exposures would likely not be combined, or the many possible 
combinations of exposure scenarios could not be accurately condensed into a single exposure scenario.  
Finally, Building G-1 interior data were grouped to match the configuration of the structure.  Interior 
Building G-1 data are, therefore, subdivided to correspond to the north, south and east wings.  Table 8-32 
lists the EU groupings for the Former Harshaw Chemical Site building data.  Note that each MU is described 
in detail in Section 6.3 of this report, and that there is no interior data for some buildings.  Note that an EU 
can contain multiple MUs (e.g., EU B1 contains four MUs) or a single MU (e.g., EU B9) depending on the 
layout of the structure and the survey design. 
 
8.3.2  Building Data Screening 
 
Background count rates were subtracted from the measured values so that the reported values in dpm/100 
cm2 represent above-background concentrations.  That is, a reference area was assigned to each medium 
surveyed in/on site buildings.  Background count rates were measured and then subtracted from each gross 
field measurement to produce a net (above-background) result.  Given that dpm results are reported as net 
values, there is no background screen.  The USEPA generally does not provide PRGs for non-environmental 
media.  Therefore, site-specific PRGs were developed using the receptor, and source term assumptions 
described herein. 
 
The weight-of-evidence screening for building media has very limited utility given the nature of the non-
analyte-specific data.  Generally, a fixed concentration ratio is assumed (as described in Section 8.3.1) and 
PRGs are defined in dpm/100 cm2 of beta activity.  Given the variability of surface screening data and the 
uncertainties associated with the true nature of contamination, individual SRCs cannot be eliminated using 
typical weight-of-evidence screening methods; thus no screen was performed.  In summary, the surface 
screening dataset will only be subjected to a site-specific PRG screen.  All other potential screens are either 
unnecessary, or impractical.   
 
8.3.2.1   Development of Exposure Point Concentrations 
 
The EPCs in the assessment are 95% UCLs for fixed and removable contamination, and were determined as 
follows: 
 
The EPCs for the fixed and removable beta activity results represent the lesser of the 95% UCL or the 
maximum detected activity for all sample locations within each MU.  The 95% UCL provides an upper 
estimate of the mean concentration.  Prior to the calculation of the 95% UCL, the distribution of each dataset 
was evaluated.  The Shapiro-Wilk test was used to determine if the data distribution of the reported activities 
was normal, lognormal, or neither (i.e., nonparametric) assuming a 0.05 significance level.  The 
distributional analysis dictates the method used to calculate the 95% UCL. 
 
8.3.2.1.1   Normally Distributed Data 
 
Consistent with USEPA guidance (USEPA 2002c), the Student’s t-statistic was used to calculate the 95% 
UCL for datasets determined to be normally distributed.  
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UCL = X + t (s/n1/2 ) (Eq. 28)

(Eq. 29)

(Eq. 30)

(Eq. 31)

 
where:  
 
X  =  mean of the untransformed data 
t  =  Student’s t statistic 
s  =  standard deviation of the untransformed data 
n  =  number of sample results 
 
8.3.2.1.2   Lognormally Distributed Data 
 
The Land method can be used to calculate UCLs for lognormally distributed data as given in Equation 29.  
However, as discussed in USEPA guidance (USEPA 2002c), the Land method may yield estimated UCLs 
substantially larger than necessary if the sample size is small or skewness is large (USEPA 2002c).   
 

UCL = exp[X + 0.5s2 + sH/(n-1)1/2] 
where:  
 
X  =  mean of the log-transformed data 
s  =  standard deviation of the log-transformed data 
H  =  Land’s H-statistic (Table A12; Gilbert 1987) 
n      =  number of sample results 
 
In cases where lognormally distributed datasets are highly skewed, the use of the Chebyshev Inequality 
method using the minimum-variance unbiased estimators (MVUE) for the mean and variance may provide a 
more representative value than obtained from the Land method (USEPA 2002c).   
 

UCL1-a = u + ((1/a)-1)(Οu2)1/2 
 
where:  
 
a =  confidence level (e.g., 0.05 for 95% UCL) 
u  =  MVUE of the mean 
Οu  =  MVUE of the associate variance of u 
 
To ensure the calculated UCL for lognormally distributed datasets would provide the proper coverage for the 
population mean, the sample size and skewness of the data were evaluated.  Consistent with USEPA 
guidance (USEPA 2004d), the standard deviation of the log-transformed dataset (μL) was used as a measure 
of skewness of lognormal datasets.  Table A2 in USEPA’s ProUCL Guide (USEPA 2002a) presents the 
recommendations for the computation of the UCL of the population for various values of the μL and the 
sample size. 
 
8.3.2.1.3   Nonparametric Data 
 
If the datasets were determined to be neither normal nor lognormal, nonparametric methods were employed 
to calculate the UCL.  Consistent with USEPA guidance (USEPA 2002a and 2002c), the Chebyshev 
Inequality method using the population mean and standard deviation was used to determine the UCL. 
 

UCL1-a = X + ((1/a)-1)s1/2)/n1/2 
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where:  
 
a =  confidence (e.g., 0.05 for 95% UCL) 
X  =  mean of the untransformed data 
s  =  standard deviation of the untransformed data 
n      =      number of sample results 
 
Similar to the method used for lognormally distributed datasets, the sample size and skewness of the data 
were evaluated.  Table A3 in USEPA’s ProUCL Guide (USEPA 2002a) presents the recommendations for 
the computation of the UCL of the population for various values of the μL and the sample size. 
 
8.3.2.1.4   Other Data Considerations 
 
If the dataset contained more than 50% non-detects or less than 8 detects, the UCL was calculated using the 
99% Chebyshev (Mean, Sd) UCL (Equation 30 with μ = 0.01).  In addition, if the dataset contained reported 
zero results, the UCL was calculated using the Student’s t-statistic (Equation 28). 
 
The UCL calculated values for fixed and removable beta are presented in Tables 8-3 and 8-4, respectively. 
 
8.3.2.2   Dose Rates 
 
Dose rates used in the assessment are average values and were determined as follows.  The average dose 
rates were calculated from data collected from building surveys completed during the Former Harshaw 
Chemical Site RI.  The dose rates were calculated for 27 of the 37 MUs (Table 8-5).  The survey identified 
the minimum and maximum dose rates (in μrem/hr) for each MU.  For the purpose of the building risk 
assessment, the average dose rate values were calculated for each MU using the minimum and maximum 
values and dividing the result by 1,000 (providing a final average in mrem/hr).  The individual MUs were 
grouped into EUs.  In cases where the average for an MU was not calculated, the dose rate was expressed as 
zero; however, this value was not used as an average for the calculation of the EU average. 
 
8.3.3  Exposure Assessment 
 
Building-related intakes are limited to inhalation, ingestion, and external gamma pathways.  Intake equations 
are similar to those presented in Section 8.2.3.5 but include the following modifications: 
 
• Concentrations are expressed as activity per unit surface area (dpm/100 cm2), and not as some value per 

unit volume or mass; 
• CSFs for radionuclides are independent of body weight and averaging time (as noted in Section 8.2.4), 

thus these latter parameters are excluded from intake calculations; and 
• Conversion factors are necessary to convert from surface activity to intake. 
 
Three receptors (industrial worker, construction worker and maintenance worker) are considered for potential 
exposures to building media.  These receptors are also identified for exposure to environmental media but 
there are some noted differences when considering building media.  First, building data include results from 
roofs and other external surfaces.  It is assumed that only maintenance and constructions workers may be 
exposed to these surfaces for a significant amount of time and these exposures would be limited in frequency 
and/or duration.  Similarly, the assessment for environmental media assumes an industrial worker spends 
eight hours in a working day indoors.  Therefore, unlike in Section 8.2, the on-site industrial worker is 
assumed to spend the entire workday indoors. It is assumed that site buildings will not be used for anything 
but industrial uses, so residential and recreational exposures are not considered. 
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Site-specific and receptor-specific input parameter values for RME scenarios are presented in Table 8-33 and 
values for the CTE scenarios are presented in Table 8-34.  These parameters are used in the following 
equations to estimate receptor intakes from exposure to site building media potentially contaminated with 
radiological SRCs.   
 
8.3.3.1   Inhalation 
 
Inhalation of an individual radionuclide on building surfaces for use in risk estimates is calculated as follows: 
 

[(SCF x FAF)+ (SCR x FAR)] x BARj x IRa x ET x EF x ED x RF 
x CF1 

(Eq. 32)
Constituent Intake (pCi) = 

CF2 x CF3  
where: 
 
SCF = fixed surface concentration (dpm/100 cm2) 
FAF = fraction of SCF available for re-suspension (unitless) 
SCR = removable surface concentration (dpm/100 cm2) 
FAR = fraction of SCR available for re-suspension (unitless) 
BARj = beta activity ratio for radionuclide “j” (unitless) 
IRa = inhalation rate (m3/hour) 
ET = exposure time (hours/day) 
EF = exposure frequency (days/yr) 
ED = exposure duration (years) 
RF = re-suspension factor (pCi-m2/pCi-m3) 
CF1 = conversion factor (10,000 cm2/m2) 
CF2 = conversion factor (2.22 dpm/pCi) 
CF3 = conversion factor (100 [cm2/100 cm2]) 
 
Carcinogenic risk estimates are lifetime calculations while radiological dose estimates are typically presented 
on an annual basis.  Therefore, the calculation for intake used in dose calculations excludes the exposure 
duration (ED) term so that results are in pCi/yr.  
 
The inhalation model could also include a loss term to account for radiological decay and the removal 
through building ventilation and air filtration.  The radiological decay terms would have negligible impact on 
results given that the radiological SRCs have very long half-lives compared to the exposure duration. The 
mechanical loss term would include significant uncertainty and it is assumed reasonable and conservative 
that the indoor air concentration is static.  
 
8.3.3.2   Ingestion 
 
Ingestion of an individual radionuclide on building surfaces for use in risk estimates is calculated as follows:  
 

[(SCF x FAF)+ (SCR x FAR)] x BARj  x IRd x EF x ED x CF1 (Eq. 33)Constituent Intake (pCi) = CF2 x CF3 x p  
 
where: 
 
SCF = fixed surface concentration (dpm/100cm2) 
FAF = fraction of SCF available for re-suspension (unitless) 
SCR = removable surface concentration (dpm/100cm2) 
FAR = fraction of SCR available for re-suspension (unitless) 
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BARj = beta activity ratio for radionuclide “j” (unitless), 
IRd = dust ingestion rate (mg/day) 
EF = exposure frequency (days/yr) 
ED = exposure duration (years) 
CF1 = conversion factor (0.001 g/mg) 
CF2 = conversion factor (2.22 dpm /pCi) 
CF3 = conversion factor (100 [cm2/100cm2]) 
p = surface area density (g/cm2) 
 
Carcinogenic risk estimates are lifetime calculations, while radiological dose estimates are typically 
presented on an annual basis.  Therefore, the calculation for intake used in dose calculations excludes the ED 
term so that results are in pCi/yr.  
 
The ingestion model could also include a loss term to account for radiological decay and the removal through 
mechanical means.  The radiological decay terms would have negligible impact on results given that the 
radiological SRCs have very long half-lives compared to the exposure duration.  The mechanical loss term 
would include significant uncertainty, and it is assumed reasonable and conservative that surface 
concentrations are static. 
 
8.3.3.3   External Gamma 
 
Exposure4 through the external gamma pathway may be calculated using two methods.  The first method 
uses direct measurements from hand-held dose rate instruments with results reported in mrem/hr.  A dose-to-
risk conversion factor would be used to convert measured doses to carcinogenic risk.  The use of dose-to-risk 
conversion factors is typically not recommended given the modeling uncertainties.  However, the dose-to-
risk conversion factor of 4.8 x 10-7 per mrem presented in ICRP (1991) may be more acceptable (relative to 
the second method) for uniform whole body exposures as with these direct external dose rate measurements.  
This dose-to-risk conversion factor is specifically for adult workers.  The value for the general population is 
slightly larger. 
 
The second method is to use measured surface concentrations, assuming a distribution of contaminants, and 
then employ a model to estimate the level of external gamma exposure.  The predicted exposures could be 
taken directly to risk by assuming a semi-infinite source geometry (i.e., using CSFs for a thin source of 
infinite surface area).  Exposures could also be used to produce radionuclide-specific dose rates for a thin 
surface layer (using factors in Federal Guidance Report 12 [USEPA 1993c]) followed by the use of the 4.8 x 
107 per mrem conversion factor.  This second method introduces additional uncertainty by estimating 
exposure rates from surface concentrations and would still require use of the dose-to-risk conversion factor to 
be most accurate.  It is, therefore, concluded that the first method is superior and exposure calculations have 
been performed as follows:  
 

External Exposure (mrem) = D x ET x EF x ED (Eq. 34)

                                                     

 
where: 
 

 
4 The term “exposure” has a specific definition in the field of radiological protection that is not relevant here. The term 
is used here to generally describe the completion of a pathway where gamma radiation is incident on a potential 
receptor. 
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D = measured dose rate (mrem/hour) 
ET = exposure time (hours/day) 
EF = exposure frequency (days/yr) 
ED = exposure duration (years) 
 
Carcinogenic risk estimates are lifetime calculations, while radiological dose estimates are typically 
presented on an annual basis.  Therefore, the calculation for exposure used in dose calculations excludes the 
ED term so that results are in mrem/year.  The tables in Appendix 2C use the terms “direct dose” and “direct 
gamma” for external gamma exposure. 
 
8.3.4  Radionuclide Toxicity Assessment 
 
Tables 8-16 and 8-17 list the toxicity values used to estimate carcinogenic risk and radiological dose, 
respectively, for exposures to radionuclides. For indoor exposures, however, only the inhalation and 
ingestion values are used (soil ingestion only for risk calculations).  The CSFs in Table 8-16 are taken from 
FGR 13 (USEPA 1999a) and HEAST (USEPA 1995b).  The DCFs for the ingestion and inhalation pathways 
in Table 8-17 are taken from FGR 11 (although in different units) (USEPA 1988).  These toxicity values are 
also incorporated into the RESRAD code. 
 
Radionuclide-specific toxicity values were not utilized for external gamma exposure calculations from 
building surfaces.  Instead, direct dose rate measurements with results in mrem/hr were utilized assuming 
these measured values more accurately represent potential exposures to the external gamma pathway.  Risk 
calculations were performed assuming that external gamma doses to a potential receptor would be uniform 
over the whole body and it would, therefore, be reasonable to predict the risk of cancer using the nominal 
stochastic risk coefficient presented in ICRP (1991).  Table 8-35 lists endpoint-specific and total risk 
coefficients for adult workers and the general population.  Former Harshaw Chemical Site receptors within 
site buildings are adult workers (industrial, construction and maintenance workers) and hereditary effects are 
not relevant to this assessment.  Therefore, the dose-to-risk coefficient of 4.8 x 10-7 per mrem used in Former 
Harshaw Chemical Site risk calculations is the sum of the fatal and non-fatal coefficients for site workers. 
 
Toxicity profiles for radionuclides are readily available on the Internet and other sources and are presented in 
Appendix 2F. 
 
8.3.5  Risk Characterization 
 
Risk characterization integrates the findings of the exposure assessment to estimate the likelihood that a 
receptor may experience an adverse effect as the result of exposure to COPCs (USEPA 1989b).  Risks were 
calculated using radiological information and intakes calculated as part of the exposure assessment. 
 
8.3.5.1   Dose and Risk Results 
 
The results of computer modeling using the modified RAGS equations from Section 8.3.3 are presented for 
each EU by individual receptor in 48 spreadsheets that are provided in Appendix 2C.  Each spreadsheet is a 
pathways assessment that provides the annual dose, lifetime dose and lifetime cancer risk for ingestion, 
inhalation, external gamma exposure, and for the sum of all three pathways, for both RME and CTE 
exposure scenarios.  Each spreadsheet also includes radionuclide-specific contributions to dose and risk for 
ingestion and inhalation pathways.  Where a receptor is presumed not to occupy an EU, the spreadsheet 
parameters for fixed and removable contamination, and gamma exposure are set to zero so that no dose or 
risk is calculated for that receptor (e.g., the industrial worker is presumed to work indoors for 8 hours a day 
and would receive no dose or risk in EU B1 which is an outdoor setting).   
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Results for each receptor by EU are provided in Tables 8-36, 8-37, and 8-38 for the industrial worker, 
construction worker and maintenance worker, respectively.  The assessment for the maintenance worker is 
calculated for both interior (Table 8-38a) and exterior (Table 8-38b) maintenance work, and for a combined 
assessment provided in Table 8-38c. In Tables 8-36, 8-37, and 8-38, the maximum dose and risk values for 
“all receptors” are highlighted in bold font.  Table 8-39 presents the maximum dose and risk for all receptors 
by EU.  In Table 8-39 doses and risks exceeding a threshold criterion are highlighted in bold font.  Input 
parameters used in all calculations are provided in tables in Appendix 2C.  Uranium-238 and uranium-234 
are the dominant radioactive contaminants for dose and risk in all scenarios for the inhalation and ingestion 
pathways. 
 
Based upon RME and CTE risks, the industrial worker is the receptor of concern (receiving the highest dose 
for all workers) for EUs B2, B3, B4, B6, B9, and B12; the construction worker is the receptor of concern for 
EUs B1, B5, and B7; and the maintenance worker is the receptor of concern for EUs B8, B10, and B11.  
RME risks for the industrial worker exceed the upper range of acceptable cancer risks, as indicated in the 
NCP, i.e., an ILCR criterion of 10-4 in B2, B3, B4, B6, B9 and B12.  CTE risks for the industrial worker 
exceed the 10-4 ILCR criterion in B2, B3, and B4.  RME risks for the construction worker exceed the ILCR 
criterion of 10-4 in B1, B2, B3, B4, and B7.  CTE risks for the construction worker do not exceed the 10-4 
ILCR criterion in any EU.  RME risk for the maintenance worker exceeds the ILCR criterion of 10-4 in B1, 
B2, B3, and B4.  CTE risk for the maintenance worker exceeds the ILCR criterion of 10-4 in B2 and B4.    
 
Based upon RME and CTE dose, the construction worker is the receptor of concern for all EUs except for the 
CTE dose in EUs B6, B9, and B12, where the industrial worker is the receptor of concern. For RME and 
CTE evaluations, the dose criterion of 25 mrem/year is exceeded for these receptors in all the EUs, except for 
the RME dose in B9, and CTE dose in B6, B8, B9, B10, B11, and B12. 
 
The dominant pathway for the various receptors in each EU for both the annual dose and cancer risks are 
given in Tables 8-40 and 8-41, respectively.  The tables indicate the predominant pathway is usually 
inhalation, and to a lesser extent external gamma; ingestion is not a significant pathway for any of these 
scenarios.  In these tables, bold font indicates that the pathway values exceed the threshold criterion for dose 
or risk.  Threshold dose criteria are exceeded for all workers in Building G-1 areas with the exception of the 
CTE dose to the maintenance worker.  Threshold risk criteria are exceeded for all workers in Building G-1 
areas with the exceptions of CTE risk to construction workers, and the risk to maintenance workers in B1 and 
B3. The external gamma pathway exceeds the annual dose and risk criterion for the industrial worker in B6 
and B12, for RME risk in B9, and for CTE risk in B3.  
 
8.3.6  Uncertainty Analysis  
 
Many of the issues presented in Section 8.2.7 for the uncertainties associated with exposures to contaminated 
environmental media are relevant to the risk assessment associated with exposures to radioactive 
contaminants in the buildings at the Former Harshaw Chemical Site.  These concerns are not repeated here.  
Rather, this text focuses on those uncertainties associated with the approach used to collect the data from the 
contaminated buildings and their use in the exposure assessment.  The uncertainties related to risk 
characterization are the same as that given in 8.2.7.4.   
 
8.3.6.1   Uncertainty Related to Environmental Data 
 
There is considerable uncertainty associated with the process of data collection, analysis, and evaluation.  
Most of the data collected for the buildings was non-radionuclide specific information and consisted of alpha 
and beta activity (total and removable) on the surfaces of building structures and measured external gamma 
dose rates.  Only 36 volumetric samples of building debris were collected.  This is in marked contrast to the 
data used in the HHRA for exposure to environmental media, which was largely volumetric data.  As noted 

Former Harshaw Chemical Site Page 8-65 
Remedial Investigation Report 
Revision 1  
December 2009 



 

in Section 8.3.1.1, the assessment was limited to those radionuclides associated with natural uranium and 
their radioactive decay products, as the concentrations of other radionuclides associated with recycled 
uranium were so low.  This approach has a negligible impact on the results.   
 
These data were obtained using a combination of instruments to measure the surface activity on the structural 
materials.  Since beta radiation is more penetrating than alpha radiation and can typically transverse thin 
layers of dust, moisture, and paint, these data were used over alpha measurements to minimize the 
measurement uncertainties.  Instruments used to detect radiation fluctuate or show variation due to the 
random nature of radioactive decay, electronic noise, the variability of background radiation and mechanical 
variation like the movement of a the pointer/needle.  Scan measurements depend on the operator maintaining 
a constant scan speed and the ability to detect audible changes in count rate. 
 
The basis for measurement survey frequency included scanning of 5% or 10% of the surfaces area of concern 
and the taking of a fixed number of sample points chosen randomly or by bias.  The results of these limited 
surface measurements are assumed to be representative of the entire area of concern.  It is assumed that 
fixed-point grid measurements are a reliable indicator of average activity over large areas. 
 
Beta activity ratios were used to estimate the concentrations of the radioactive contaminants as they are less 
affected by moisture and coverings such as dirt, dust, debris, pigeon droppings, and the like.  However, 
hidden or shielded contamination cannot be easily measured or located.  This is true of Building G-1 where a 
lens of yellowcake was discovered within portions of the floor and covered by a layer of cement.  The 
presence of gravel on some roofs caused problems during the surveys, so the gravel was moved aside before 
measurements were taken.   
 
Radionuclide ratios from the volumetric samples were used along with the theoretical beta ratios for the 
radionuclides present at the site to estimate the concentrations based on the surface measurements.  The 
design of surveys included type I and type II errors.  The rate of false positives was chosen to be 60% and the 
rate of false negatives was 95%.  Analysis of peaks in alpha and gamma spectroscopy can be complicated by 
interferences.  While there is uncertainty in the approach used to incorporate these data into the risk 
assessment, the uncertainties are not considered to be significant nor do they alter the conclusions of this 
assessment.  
 
Another uncertainty involves the use of the environmental data in the risk assessment.  EPCs of the building 
survey measurements were developed by calculating the UCL95 of the mean of the measurements within 
each building survey unit.  In some cases, the calculated UCL95 exceeded the maximum detected 
measurement.  In this case, the maximum detected measurement was used.  As the UCL95 is always a 
conservative estimate of the mean, the use of this statistic (rather than the actual mean or median value of the 
measurements) tends to overestimate risks.  The BRA may be identifying that an unacceptable risk or dose is 
evident within an EU which had been previously released.  This may be due to the presence of localized, 
elevated measurements that are in turn elevating the EPC for that entire building EU.  When remedial 
decisions are to be made in the FS, the data for each of these building EUs should be examined to determine 
whether or not remedial actions may be warranted across the entire EU, or if it is only necessary to address 
isolated areas of the building EU.    
 
8.3.6.2   Uncertainty in Exposure Assessment 
 
Exposure assessment introduces additional uncertainty in the risk assessment process.  The exposure 
scenarios were developed based on reasonable expectations of current and future site uses, and standard 
procedures were used to develop the EPCs.  The two major exposure pathways were inhalation of 
contaminated particulates and external gamma radiation.  Direct measurements were used for external 
gamma radiation, which minimizes the uncertainty associated with that exposure pathway.   
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An inhalation model was used to estimate the dose associated with inhalation of airborne particulates.  This 
model assumed that the concentration of airborne particulates was constant over the period of exposure.  This 
model could have included a loss term to account for radiological decay and the removal through building 
ventilation and air filtration.  The radiological decay terms would have negligible impact on results given that 
the radiological constituents have very long half-lives compared to the exposure duration.  The mechanical 
loss term would include significant uncertainty, and it is assumed reasonable and conservative that the indoor 
air concentration is static. 
 
8.3.6.3   Uncertainties Related to Toxicity Information 
 
Standard CSFs and DCFs were used to estimate the cancer risks and annual radiation doses from exposures 
to the radioactive contaminants in the buildings at the site.  Uncertainties associated with the use of these 
factors are discussed in Section 8.2.7.3.  An additional uncertainty is associated with the use of the RESRAD 
default DCFs for uranium isotopes in this assessment for inhalation of particulates (uranium is the major 
radioactive contaminant in the buildings).  Inhalation was not a major exposure pathway for the scenarios 
associated with exposure to contaminated environmental media.   
 
The USEPA has identified three DCFs for uranium isotopes in FGR 11 (USEPA 1988) corresponding to lung 
retention half-times of less than 10 days (D), 10 to 100 days (W), and greater than 100 days (Y).  The default 
RESRAD DCF is based on lung clearance class Y, as this is the most conservative (highest) value.  The 
DCFs for the other two classes are lower by factors of about 20 (for retention class W) and 50 (for retention 
class D).  In a similar manner, the USEPA identified three CSFs in FGR 13 corresponding to fast (F), 
medium (M), and slow (S) absorption.  The CSF corresponding to absorption type M was used in this risk 
assessment for uranium isotopes, as this is the recommended value given by USEPA in FGR 13 (USEPA 
1999a).  The USEPA did not provide a similar recommendation for DCFs in FGR 11 (USEPA 1988), which 
is why the most conservative value is used as the default value in RESRAD.   
 
While there is no direct relationship between the lung retention classes in FGR 11 (USEPA 1988) and the 
absorption types in FGR 13 (they correspond to different dosimetry models), a lung retention class of W 
most closely corresponds to an absorption type of M.  That is, the default RESRAD DCF used in this 
assessment for inhalation of radioactive uranium particulates (associated with class Y) is more conservative 
than the corresponding CSF by a factor of about 20.  Since the major exposure pathway for a number of 
building exposure scenarios is inhalation, the estimated annual doses for such scenarios are significantly 
higher than would be obtained using a DCF corresponding to an absorption type of W.  Such a DCF would 
be more consistent with the CSF used for uranium isotopes.  This adds uncertainty to the estimated annual 
radiation doses presented in this assessment. 
 
8.3.7  Building Risk Assessment Summary and Identification of COCs 
 
The following sections discuss the building risk assessment and identification of COCs. 
 
8.3.7.1   Identification of Building COCs 
 
Preliminary radiological COCs for the buildings have been identified through analysis of volumetric samples 
of building materials, the corresponding beta activity ratios, and also consideration of preliminary COCs for 
the HHRA for the environmental media (Section 8.2.8.1.2).  The preliminary COCs associated with the 
buildings are lead-210, radium-226, radium-228, thorium-228, thorium-230, thorium-232, uranium-234, 
uranium-235, uranium-238. 
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8.3.7.2   Development of Site-specific Preliminary Remediation Goals for Radionuclides 
 
Survey measurements for gross beta activity are used to estimate the surface concentrations of COPCs for 
each building EU based upon theoretical beta contributions to survey measurements from the radiological 
COCs listed above.  The PRGs for buildings are scenario-specific surface radiological concentrations that are 
associated with acceptable levels of exposure.  Site-specific PRGs have been developed for the three building 
survey measurements (i.e., fixed activity, removable activity, and direct gamma exposure), and assume 
contribution from all COCs.  The dose rate limit used in the PRG development is based on the most likely 
ARAR identified for the site, Subpart E of 10 CFR 20, which limits annual dose rate to an average member 
of the critical group to 25 mrem/year.  
 
PRGs for the building contamination are provided in Table 8-42 and were calculated for RME and CTE 
scenarios for fixed and removable contamination, and for external gamma dose rate for each receptor.  The 
PRG values for the maintenance worker are provided separately for interior and exterior surfaces.  The PRGs 
are based on a single parameter giving an annual dose rate of 25 mrem/year, and are intended to be used in a 
sum-of-the-fractions calculation.  
 
8.4   SCREENING LEVEL ECOLOGICAL RISK ASSESSMENT 
 
An ecological risk assessment (ERA) defines the likelihood of harmful effects on plants and animals as a 
result of exposure to environmental stressors, such as chemical and radiological constituents, which may 
occur at a site.  There are two types of ERAs:  screening and baseline.  A SLERA depends on available site 
data and is intended to be conservative.  A baseline ecological risk assessment (BERA) requires more 
complete site-specific exposure and effects information, including such measurements as body burden 
concentrations, biosurveys, and bioassays, and it often uses less conservative assumptions.  This section 
presents a SLERA for the Former Harshaw Chemical Site. 
 
8.4.1  Introduction and Scope 
 
A Preliminary Assessment (USACE 2001b) determined the Former Harshaw Chemical Site posed no 
imminent threat to human health or the environment, but concluded that contamination, potential habitat or 
ecological resources, and exposure pathways exist at the site.  The Preliminary Assessment was basically 
equivalent to a Level I Scoping ERA as defined in the Ohio EPA ecological risk assessment guidance (Ohio 
EPA 2003).  A Level I Scoping ERA is intended to determine whether further ERA should be undertaken for 
a site, based on the occurrence of past or current releases of contaminants and the presence of important 
ecological resources at the site.  Because the site has had chemical and radiological releases and has potential 
ecological resources, additional ecological evaluation was conducted.  This section describes the next steps 
in the ERA process, a general screen and a site-specific screen, which together comprise the SLERA.  This 
SLERA is equivalent to Ohio EPA’s Level II and Level III ERA.   
 
The purpose of the SLERA is to determine the potential for adverse ecological risks resulting from exposure 
to chemicals and radionuclides released to the environment during past MED/AEC-related activities at the 
Former Harshaw Chemical Site.  The SLERA provides information to scientists and managers to allow the 
scientific management decision point (SMDP) to make a determination for one of the following outcomes:  
ecological risk at the site is negligible, the potential for ecological risk is great enough, and sufficient 
information exists to proceed with a remedial action, or further information and evaluation are needed to 
better define potential ecological risks at the site. 
 
The SLERA evaluates potential risks to ecological receptors using site analyte concentrations in soil, 
sediment, and surface water.  It utilizes a tiered screening approach to identify EUs or receptors that can be 
eliminated from further analysis due to negligible risk.  The SLERA results also provide information about 
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the relative magnitude of risk contributed by specific analytes.  For this SLERA, future risks are assumed to 
be comparable to, but no higher than, current risks (see Section 8.4.6 regarding uncertainties associated with 
this assumption).  The approaches and methods that are used are described in the following sections: 
 
• Section 8.4.2 – Screening Level Problem Formulation; 
• Section 8.4.3 – Site-specific Screening Level Ecological Risk Assessment Methods; 
• Section 8.4.4 – Site-specific Screening Level Exposure Estimates; 
• Section 8.4.5 – Screening Level Risk Characterization; 
• Section 8.4.6 – Uncertainties; 
• Section 8.4.7 – Refinement of the SLERA; and 
• Section 8.4.8 – Scientific Management Decision Point. 
 
8.4.2  Screening Level Problem Formulation 
 
Problem formulation is the process of generating and evaluating preliminary hypotheses regarding potential 
causes for ecological effects that have occurred, or may occur, due to anthropogenic releases of chemicals 
and radionuclides into the environment.  Problem formulation evaluates the manner in which ecosystem 
characteristics influence when, how, and why particular ecological entities may become exposed to chemical 
and radiological contaminants, and then exhibit adverse effects due to these exposures (USEPA 1997b and 
USEPA 1998b).  Problem formulation provides a systematic approach for organizing and evaluating 
available information on ecological stressors, exposure pathways, potential ecological receptors, and effects.  
 
Ohio EPA's guidance for ERAs (Ohio EPA 2003) describes a multi-step process in which screens of 
increasing complexity lead to a detailed ecological risk assessment.  The requirements of the first three levels 
are addressed in the Former Harshaw Chemical Site SLERA.  Briefly, those levels are: 
 
• Level I – establishes that current or past releases at the site are suspected, and that important ecological 

resources are present.  Constituents that are identified by the Level I screen are termed COIs. 
• Level II – evaluates the concentrations of COIs in environmental media.  It consists of two main steps as 

described below. 
• Level III – identifies the potential for ecological harm at the site.  This step includes exposure 

assessment, toxicity assessment, risk characterization, and an uncertainty analysis.  The Level III 
involves use of toxicity reference values and the computation of hazard quotients.  The resulting hazard 
quotients are considered in the SMDP.  For the Former Harshaw Chemical Site SLERA this step is 
termed the site-specific screen. 

 
The Level II screen evaluates the frequency of COI detections, the absence of obvious laboratory 
contamination, and the occurrence of above background concentrations to verify that constituents are present 
in environmental media at the site.  This evaluation was described in Section 8.2.2 of this report.  The next 
step is a general screen that compares the maximum detected concentrations of COIs to screening 
benchmarks or criteria for soil, surface water, and sediment.  The benchmarks and criteria for chemicals are 
collectively termed ecological screening values (ESVs) and the radiological screening values are termed 
biota concentration guides (BCGs) (DOE 2002).  COIs with maximum concentrations that exceed their 
respective ESV, or for which there is no ESV, are retained for further evaluation.  In addition, persistent, 
bioaccumulative, and toxic (PBT) chemicals are retained for further evaluation.  PBT chemicals include any 
of a list of chemicals defined by Ohio EPA (Ohio EPA 2003), and any chemical with a log octanol-water 
partition coefficient (log[Kow]) greater than three that either is not metabolized, or is metabolized slowly 
(Ohio EPA 2003).  PBT chemicals are evaluated further to ensure that bioaccumulation in the food chain is 
not likely to cause harm to ecological populations, even if concentrations in soil, water, or sediment are 
below ESVs.  However, none of the FUSRAP-related COIs are considered to be PBT.  All radionuclides 
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were retained for further analysis if the sum of the ratios of each radionuclide concentration to its BCG is 
greater than one.  COIs retained after the Level II screen are termed Constituents of Potential Ecological 
Concern (COPECs). 
 
For this SLERA, the problem formulation includes the general screen (basically equivalent to Ohio EPA's 
Level II screen [Ohio EPA 2003]) and establishes the scope of the site-specific analysis screen (equivalent to 
Ohio EPA's Level III [Ohio EPA 2003]).  The site-specific analysis screen uses site-specific ecological 
exposure parameters, classes, and receptors, as well as receptor-specific toxicity reference values (TRVs) for 
chemical constituents, and site-specific BCGs for radionuclides to evaluate whether EUs or receptors can be 
eliminated from further analysis due to negligible risk.  The two phases of screens are discussed in more 
detail in the sections that follow.  The process used to determine exposure concentrations of COIs is 
described in Section 8.2.1.   
 
The evaluation of historical site data indicated that the COIs are comprised of a limited number of metals, 
one organic compound, as well as a few radionuclides (SAIC 2003b).  The COIs are the same as those 
analyzed in the HHRA and include: 

 
Metals 

(Phase I) 
(Phase I) 
(Phase I) 

 ● Lithium 
● Molybdenum 
● Total Uranium (Chemical) 

 Organics 
(Phase I)  ● Kerosene 

 Radionuclides  
(Phase I) 
(Phase I) 
(Phase I) 
(Phase I) 
 
(Phase I) 
(Phase I) 
(Phase I) 
(Phase I) 

 ● Thorium-232 (and daughters): 
• Thorium-232 
• Radium-228 +D 
• Thorium-228 +D 

 
● Uranium-235 (and daughters): 

• Uranium-235 +D 
• Protactinium-231 
• Actinium-227 +D 

 Radionuclides  (continued) 
(Phase I) 
(Phase I) 
(Phase I) 
(Phase I) 
(Phase I) 
(Phase I) 

 ● Uranium-238 (and daughters) 
• Uranium-238 +D 
• Uranium-234 
• Thorium-230 
• Radium-226 +D 
• Lead-210 +D 

 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 
(Phase IV) 

 ● Technetium-99 
● Europium-152 
● Europium-154 
● Uranium-233 
● Uranium-236 
● Plutonium-238 
● Plutonium-239 
● Plutonium-240 
● Plutonium-241 (and daughters): 

• Americium-241 
• Neptunium-237 +D 
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(Phase IV) ● Cesium-137 
Total uranium is considered both a chemical COI, due to its toxicological properties and as a radiological 
COI, due to carcinogenic properties of the uranium isotopes. For uranium results (excluding chemical 
uranium for water), individual uranium isotopes are not presented; instead, total uranium is presented as 
calculated from gamma spectroscopy analyses (Section 6.0).  For radionuclides not measured directly a 
surrogate was assigned based on the conservative assumption that applicable radionuclides are present in 
equilibrium with their surrogate (Table 8-1).  COIs represented by surrogates include: lead-210 (all 
matrices), thorium-228 (soil and sediment only), and thorium-232 (soil and sediment only).  Because lead-
210 was not measured directly for any matrix during the RI all discussions of lead-210 soil results are 
presented in conjunction with its surrogate (radium-226).  Thorium-228 and thorium-232 were measured 
directly for some matrices, however, the surrogate radium-228 is used where direct measurements are not 
available (soil and sediment only). 
 
All data utilized in the human health risk assessment is used in the SLERA, as appropriate for ecological 
exposures.  Although kerosene is considered a COI, there are no toxicity reference values available for 
ecological receptors for this compound.  Therefore, it cannot be evaluated in this SLERA.  Although entries 
for kerosene appear in the tables supporting this SLERA (i.e., Table 8-43 through 8-54, as well as tables in 
Appendix 2D), the methods and results presented in this section focus on COI metals and radionuclides only.  
Consideration of presence of kerosene on the site is also discussed in the uncertainty section (Section 8.4.6) 
of this SLERA.   
 
During the site RI, additional samples of soil, groundwater, surface water, and sediment were collected and 
analyzed, and the results are included in the SLERA. 
 
8.4.2.1   Environmental Setting 
 
This section describes the features of the site that are relevant to the SLERA.  Of paramount consideration 
for any SLERA is the availability of adequate habitat.  As noted in previous sections, the majority of the site 
is paved and is part of an industrial neighborhood.  Limited habitat is available on the site, mostly in and near 
the River and Creek, but also in EU 4, across the Cuyahoga River from the main Former Harshaw Chemical 
Site plant.  The site has not been, and will not be, managed specifically for ecological purposes.  The 
previous industrial use of the site, in addition to leaving residual chemical and radiological contamination, 
also destroyed much of the original ecological habitat on the site.  Although the site is no longer an active 
industrial facility, future management goals for the site do not include ecosystem restoration or nature 
preserves.  The Ohio Canal Corridor plans to use portions of the site for a Tow Path Trail along the 
Cuyahoga River, including park land and possibly a museum.  Therefore, the site will continue to be used by 
humans.   
 
The site exposure setting was described in Section 2, including a general site description and its history, 
regional geology, meteorology, surrounding land use, and current grounds maintenance. The classes of 
substances associated with historical operations at the Former Harshaw Chemical Site include metals 
(lithium, and molybdenum), organic chemicals (kerosene), and radionuclides (especially uranium and 
thorium isotopes). The description below summarizes the ecological resources present in terrestrial and 
aquatic habitats evaluated in the SLERA.  Terrestrial habitats are discussed below in Section 8.4.2.1.3 
whereas aquatic habitats are discussed in Section 8.4.2.1.5.  Threatened and endangered (T&E) ecological 
species are discussed in Section 8.4.2.1.2 (also Appendix 2E), and sensitive habitats are discussed in Section 
8.4.2.1.1.  Ecological site characterization checklists can be found in Appendix 2E.   
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8.4.2.1.1   Sensitive Environments 
 
The Cuyahoga River and the Big Creek provide habitat for aquatic biota, and sediments provide habitat for 
benthic invertebrates.  The ODNR stated, “There are no existing or proposed state nature preserves or scenic 
rivers at the project site.  We are also unaware of any geologic features, breeding or non-breeding animal 
concentrations, champion trees, or state parks, forests or wildlife areas within a one mile radius of the project 
area” (ODNR 2003;  see Appendix 2E).  The northwest tip of the Ohio and Erie Canal Reservation is located 
across the Cuyahoga River from EU 5. Although the reservation is not directly adjacent to the river at the 
site, the Ohio Canal Corridor organization has expressed interest in extending the Canal Reservation through 
portions of the site (EU 4).  
 
U.S. Fish and Wildlife Services (FWS) stated, “this project lies within the range of the Indiana bat (Myotis 
sodalis), a federally listed endangered species.  Summer habitat requirements for the species are not well 
defined, but the following are thought to be of importance: 
 
• Dead trees and snags along riparian corridors especially those with exfoliating bark or cavities in the 

trunk or branches which may be used as maternity roost areas; 
• Live trees (such as shagbark hickory) which have exfoliating bark; and 
• Stream corridors, riparian areas, and nearby wood lots which provide forage sites. 
 
We recommend that if potential bat roost trees with the above characteristics are encountered in the project 
area, they and surrounding trees should be saved wherever possible.  If they must be cut, they should not be 
cut between April 15 and September 15 (FWS 2003, also Appendix 2E). 
 
8.4.2.1.2   Threatened & Endangered Species 
 
Inquiries were made with the ODNR and the U.S. FWS concerning threatened and endangered species.  
ODNR stated that there are “no records for rare or endangered species within the project site or the one mile 
radius” [around the site] (ODNR 2003, Appendix 2E).  FWS stated “the project lies within the range of the 
Indiana bat and piping plover (E), and eastern massasauga (C), federally listed endangered (E) and candidate 
(C) species.  Due to the project location, the proposed project will have no effect on the piping plover and 
eastern massasauga” (FWS 2003, Appendix 2E).  
 
8.4.2.1.3   Terrestrial Habitats 
 
The landscape at the Former Harshaw Chemical Site is predominantly low-lying, with little topographic 
relief.  Most of the area has been subjected to a great deal of recent and historical disturbance.  Historical 
disturbances include clearing, digging of drainage ditches and pipeline trenches, and landform manipulation 
for the construction of roads, railroads, buildings and process structures. The predominant types of terrestrial 
habitat that exist at the site include: anthropogenic (industrial), old field, woods, and riparian.  
 
Anthropogenic habitats are those areas that have been developed or modified for use by people.  At the 
Former Harshaw Chemical Site, anthropogenic habitats are characterized by removal of native vegetation 
and filling low-lying areas for heavy industrial use.  The soil surface is often impenetrable and devoid of 
vegetation due to construction of buildings, foundations, and pavement.  Vegetation typically consists of turf 
grasses and non-native ornamental trees and shrubs. 
 
Old fields are early successional communities that develop in disturbed, open areas.  They are characterized 
by a predominance of herbaceous and invasive species.  Some young woody plants are often present.  Some 
of the anthropogenic habitat at the Former Harshaw Chemical Site is not well maintained, and is in the early 
process of being colonized by invasive old field species. 
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Wooded habitats are later successional communities characterized according to the dominant tree species 
present and the average size (diameter) of the trunk.  Density and crown contribute to the specific type of 
understory present.  Two distinct deciduous wooded areas exist at the Former Harshaw Chemical Site in EUs 
4 and 5.  Other tree lines exist along the riverbank, fences, and railway. 
 
Riparian habitat is the transition zone between aquatic and upland terrestrial habitats. At the Former Harshaw 
Chemical Site, riparian habitat is a rather thin strip of land situated along the banks of Big Creek and the 
Cuyahoga River, and is characterized by changes in physical structure and plant composition that comes 
from seasonal flooding (EU 4).  Riparian habitat at the site has been altered by filling and stabilizing 
riverbanks with broken concrete.  
 
Section 8.2.3.1 presents a general description of the EUs, including potential source of contamination found 
within each unit (Figure 1-2).  That information is repeated here, along with knowledge about ecological 
exposure and habitat types at each EU. 
 
EU 1 - Soil in the Vicinity of Building G-1 
 
EU 1 contains the soil adjacent to Building G-1 (EU 1), extends northward across the rail spur, and is 
approximately 4.4 ha (10.8 acres) in size.  This EU is north of Harvard Avenue where the greatest extent of 
radiological contamination is known to exist.  Potential sources of contamination adjacent to the building 
include process spillage and airborne emissions during radiological operations.  The area across the rail spur 
likely was impacted by contaminant migration from vehicular traffic and by possible filling of the area using 
soil with elevated radiological contaminant levels. 
 
Approximately 70% of the landscape in EU 1 is anthropogenic in nature with some pioneering old field 
vegetation due to industrial inactivity.  The remaining area is sparsely vegetated.  This part is located on 
either side of the railroad tracks that run parallel to the Harvard-Denison Bridge.  This habitat is a patchy mix 
of old field, un-maintained turf grasses, and tree lines, immature woods, and shrub.  Overall habitat quality is 
poor. 
 
EU 2 - Other Northside Complex Soil 
 
EU 2, which is approximately 5.6 ha (13.9 acres) in size, includes the area north of Harvard Avenue and west 
of the Cuyahoga River that was previously part of the Former Harshaw Chemical Site.  Previous 
investigations performed in this area did not provide conclusive evidence of general elevated radiological 
levels but did show localized elevated levels.  Chemical and radiological contamination in this area would 
likely have been a result of storage, process, and fill operations. 
 
Most of EU 2 is paved or bare earth.  About 10-15% of the land is sparsely vegetated with grass and some 
shrubs.  Overall quality of habitat is poor.  Riparian habitat occurs along the banks of the Cuyahoga River. 
 
EU 3 - Southside Complex Soil 
 
EU 3 contains soil located south of Harvard Avenue and bounded by the Cuyahoga River to the west and Big 
Creek to the south and west.  EU 3 is approximately 2.2 ha (5.4 acres) in size.  Previous characterization 
efforts have revealed elevated levels of radiological contaminants along the banks of both tributaries.  These 
elevated levels are believed to have resulted from fill activities performed along the banks as well as possible 
storage and process operations in conjunction with a laboratory that was previously demolished in this area. 
 
Most of EU 3 is paved or bare earth, with little or no habitat.  Riparian habitat occurs along the banks of the 
Cuyahoga River and Big Creek. 
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EU 4 - Eastside Soil 
 
EU 4 contains the soil located just north of Harvard Avenue and east of the Cuyahoga River and is 
approximately 2.2 ha (5.4 acres) in size.  Historical photographs show evidence of extensive fill activities in 
this area but no process or storage operations.  EU 4 is almost entirely low-lying riparian woods along the 
banks of the Cuyahoga River. EU 4 represents a unique habitat.  It is on the eastern side of the Cuyahoga 
River while the other soil-based EUs are on the western side of the river. The area is approximately 75% 
wooded.  Eastern Cottonwood is the dominant tree, but Elm, American Hornbeam and Box Elder are present. 
The landscape of EU 4 is at a lower elevation than the other EUs.  Occasional flooding occurs on EU 4, but 
individual flooding events last only a few days.  Cumulative flooding is estimated at 10% of the year based 
on 2003 (a wet year) field observations.  Field observations indicate flooding is usually limited to the area 
within 100 ft of the riverbank.  Approximately 70% of EU 4 is located within the 100-year floodplain.  While 
sediment may be deposited on the forest floor, it soon dries and becomes dry sediment or soil for the 
majority of the year.  Thus, exposure in EU 4 is dominated by the soil in this land-based or terrestrial food 
web that is described above. 
 
EU 5 - Westside Soil 
 
EU 5 consists of the soil along the west side of the railroad, south of Harvard Avenue, east of Jennings Road, 
and north of Bradley Road.  EU 5 is approximately 7.7 ha (19 acres) in size.  Historical evidence suggests 
that fill activities (both disposal and grading) were performed in several distinct areas along this corridor.  
Historical photographs show fill activities occurring just south of Harvard Avenue along the north and south 
banks of Big Creek and probable disposal activities occurring in the middle and southern portions of this EU. 
 
Approximately 50% of EU 5 is paved or maintained turf grass.  The remainder includes a wooded area (20%) 
and a shrub/scrub (20%) area which is at a distinctly lower elevation (6 ft) than the rest of the site. This 
landscape change is likely due to construction fill.  Trees present in the wooded area include Cottonwood, 
Ash, and American Sycamore.  Dense vegetation in the lower elevation averaged 4 to 6 ft in height and 
included Sumac.  Riparian habitat occurs along both banks of the Big Creek in the northern part of EU 5.  
Note that riparian habitat along the Cuyahoga River is not within the boundary of either EU 5 or the river EU 
6 (Figure 1-2). 
 
8.4.2.1.4   Riparian Habitat 
 
Riparian habitat serves two purposes in the Former Harshaw Chemical Site ecological risk assessment.  One, 
it serves as the staging area for riparian herbivores (muskrats and mallard ducks) and riparian carnivores 
(mink and herons).  These animals perch on or rest in the vegetation on the banks’ edges and go into the 
nearby Cuyahoga River (EUs 2, 3, and 4) or nearby Big Creek (EU 5) to eat aquatic vegetation, aquatic 
invertebrates (surface water exposure) (muskrats and mallard ducks), aquatic biota (surface water exposure), 
and benthic invertebrates (sediment exposure) (mink and herons).  Thus, the muskrats, mallard ducks, mink, 
and herons are exposed to the water and sediment in EU 6, and there is no exposure from the soil to these 
four receptors in the riparian habitat per se.  Rather, the soil and vegetation merely serve as a place for these 
animals to rest and hide.   The second purpose of riparian habitat is that it fringes various units of land 
(except EU 1 that is land-locked), and provides part of the soil exposure to organisms that eat vegetation and 
animals in the land-based or terrestrial food web.  These organisms are the terrestrial vegetation, terrestrial 
invertebrates, and terrestrial mammals and birds (rabbits, voles, shrews, robins, foxes, and hawks).  Soil 
exposure occurs in all five of the soil-dominated EUs: 1, 2, 3, 4, and 5. 
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8.4.2.1.5   Aquatic Habitats 
 
The important aquatic habitats at the site are the Cuyahoga River and Big Creek.  The overall flow direction 
of the Cuyahoga River is generally from south to north.  At the Former Harshaw Chemical Site, which is 
between approximately RM 7.0 and RM 7.7, the Cuyahoga River is approximately 25 to 45 m 
(approximately 80 to 150 ft) wide.  Big Creek enters the Cuyahoga River from the west.  Most of the site is 
very flat; therefore, it would be difficult to precisely determine the locations of the drainage divides that 
separate the various tributary areas.  For this SLERA, sediments were operationally defined as being in the 
river and the creek. 
 
In 1996 (Ohio EPA 1999), the Cuyahoga River was in a warm-water habitat (WWH) non-attainment status 
from RM 27 to RM 5, a distance that includes the Former Harshaw Chemical Site.  In 1996 (Ohio EPA 
1999), Big Creek was also in a WWH non-attainment status from RM 7.8 to its confluence with the 
Cuyahoga River.  Bioassessment parameters such as the Index of Biotic Integrity (IBI) for fish and the 
Invertebrate Community Index (ICI) for benthic macroinvertebrates, did not show that the Former Harshaw 
Chemical Site was the cause of the non-attainment status.  There was no consistent pattern of IBI and ICI 
results that could rule out upstream sources as the cause of non-attainment at the site (Ohio EPA 1999). 
 
Other measures indicated that the waterways adjacent to the site might not be markedly more contaminated 
than at upstream locations.  For example, a mercury concentration in surface water of 46 µg/L was reported 
at RM 7.0 (Ohio EPA 1999).  In contrast, concentrations of >90 µg/L were reported upstream at RM 29.0 
and RM 38.0 (Ohio EPA 1999).  Concentrations of PAHs, phthalates, pesticides and polychlorinated 
biphenyls (PCBs) in surface water at the site were undetectable or very low (Ohio EPA 1999).  As part of the 
RI, fluoranthene was detected in three upstream surface water samples at an average concentration of 0.023 
µg/L.  Therefore, non-attainment was characteristic of both the Cuyahoga River and Big Creek at locations 
well upstream from the Former Harshaw Chemical Site.  For the Cuyahoga River, the Qualitative Habitat 
Evaluation Index (QHEI) was above WWH attainment levels downstream from RM 40, past the site, to the 
mouth of the river (Ohio EPA 1999).  The EU, which is comprised of portions of the Cuyahoga River and 
Big Creek, is summarized in the following paragraph. 
 
EU 6 - Surface Water and Sediment 
 
EU 6 extends approximately 0.3 km (0.2 miles) upstream and approximately 0.8 km (0.5 miles) downstream 
from the confluence of Big Creek with the Cuyahoga River, and includes the lower approximately 0.3 km 
(0.2 miles) of Big Creek.  EU 6 includes the surface water and sediments in the Cuyahoga River and Big 
Creek.  The Cuyahoga River flows into Lake Erie.  The creek and river exhibit signs of urbanization, 
including concrete structures, bridges, fill and bank stabilization. Urban, suburban, agricultural, and 
industrial pollution from upstream have impacted both of these waterways.  In addition, the possibility exists 
for releases via spills and/or surface water runoff from the Former Harshaw Chemical Site activities into both 
the river and the creek. 
 
Biota at the Former Harshaw Chemical Site are exposed to contaminants in sewers and drains after the 
contaminants are discharged into the Cuyahoga River (EU 6) and Big Creek (EU 6) rather than in the sewers 
and drains themselves (EU 8 evaluated in the human health risk assessment).  Surface water samples 
downstream from any discharges include those contaminants.  Thus, by evaluating measured concentrations 
in EU 6, the impact from any discharge that has occurred is accounted for in this assessment.  Contaminant 
concentrations in surface water respond quickly to changes in discharges.  In contrast, sediment, which 
removes contaminants from surface water, integrates contaminant levels over time.  Therefore, exposure to 
surface water and sediment in EU 6 accounts for ecological effects of contaminants in the sewers and drains. 
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8.4.2.1.6   Summary of Environmental Setting 
 
In conclusion, the only truly available habitats for ecological receptors (i.e., absence of large patches of 
pavement) are the riparian habitats along each of the terrestrial EUs, as well as EU 4, and within the River 
and Creek (EU 6).  For the most part, those portions of the site that lack ecological habitat are also the most 
contaminated areas of the site.  Of the areas which do have available habitat, the only EU that has been and 
will continue to be managed for ecological purposes is EU 6, the River and Creek.  None of the terrestrial 
EUs have been, or will be, managed for ecological purposes.  The aquatic EU, EU 6, has the greatest 
potential for impact from other parties outside the FUSRAP site.  It is also apparently the least contaminated 
EU of the site. 
 
8.4.2.2   General Screen: Identification of COPECs 
 
The environmental field data used in the HHRA was also used in the SLERA.  The data were collected, 
verified, and evaluated according to the RI SAP (SAIC 2003b). The data were then reviewed and screened to 
identify COPCs using the same process as was used to identify SRCs as the HHRA (Section 8.2.2).  For 
constituents that were not above naturally occurring background levels near the site, the EPC for that 
constituent is indicated as a zero (Table 8-43). 
 
COPECs were identified in the general screen, using methods based on Ohio EPA's Ecological Risk 
Assessment Guidance Document (Ohio EPA 2003) and DOE's Graded Approach for Evaluating Radiation 
Doses to Aquatic and Terrestrial Biota (DOE 2002).  For the general screen, the maximum detected 
concentrations of chemical COIs in soil, and sediment were compared to ESVs while the maximum detected 
concentrations of radionuclide COIs in soil, sediment, and surface water were compared to generic BCGs 
(DOE 2002).  The maximum detected concentrations of COIs in surface water were also compared to surface 
water quality criteria (Ohio EPA 2003).  
 
8.4.2.2.1   General Screen Methodology  
 
Flowcharts depicting the ecological general screen methodology are presented in Figure 8-8 (chemicals) and 
Figure 8-9 (radionuclides).  In the general screening step (Level II per Ohio EPA guidance [Ohio EPA 
2003]), the maximum detected concentrations of chemical COIs in site-related media at each EU were 
compared to ESVs and Ohio state water quality criteria.  ESVs are concentrations in soil and sediment that 
are expected not to harm populations of ecological receptors.  Exposure to each chemical COI at each EU 
was considered separately.  In contrast, radiation doses were considered additive.  Therefore, the 
concentration of each radionuclide COI at each EU was divided by its BCG, and the fractions were summed 
for each EU.  If the sum of the fractions does not exceed 1, then the radiation dose is not expected to harm 
populations of ecological receptors.  Table 8-44 summarizes the availability of screening values for media 
and receptors at the site.  Soil screening levels and BCGs are available for all COIs except kerosene.  Surface 
water chemical criteria (ESV or water quality criteria) and BCGs are available for all COIs except kerosene 
and lithium.  Sediment ESVs and BCGs are available for all COIs except kerosene, lithium, molybdenum 
and total uranium.   
 
Chemicals 
 
The maximum detected concentrations of chemical COIs in soil, surface water, and sediment from each of 
the site EUs were compared to the soil screening benchmarks, surface water criteria, and sediment reference 
values (SRVs), respectively (collectively termed ESVs), for those media.  If the concentration of a COI was 
below the ESV, that COI was eliminated from further ecological risk evaluations (Ohio EPA 2003).  
Similarly, if no COI concentration exceeded the ESV for a particular medium, that medium was eliminated 
from further ecological risk evaluations (Ohio EPA 2003).  Any COI that exceeded the ESV, or has no ESV, 
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was retained for site-specific analysis (Figure 8-9).  The sources and priorities of soil screening benchmarks, 
criteria for surface water, and sediment screening values are specified by Ohio EPA (2003) as follows.   
 
For surface water, the source of ESVs is the chemical criteria pursuant to Ohio Administrative Code (OAC) 
3745-1 for the Lake Erie basin eco-region.  The guidance (Ohio EPA 2003) specifies that samples averaged 
over a 30-day period are to be compared to “outside mixing zone average” criteria for human health, aquatic 
life, and wildlife.  Single ambient samples are to be compared to “outside mixing zone maximum” criteria.  
In addition, biological criteria for the aquatic life habitat designation, WWH pursuant to OAC 3745-1-07 for 
the Lake Erie basin eco-region, must be met.  To ensure a conservative screen, outside mixing zone average 
values were used as criteria in the general screen.  
 
For soil, the maximum detected concentration of each COI was compared to soil screening values.  The 
hierarchy of soil screening value sources (Ohio EPA 2003) was: 
 
• Efroymson, R.A., G.W. Suter II, B.E. Sample, and D.S. Jones, 1997a. Preliminary Remediation Goals 

for Ecological Endpoints. ES/ER/TM-162/R2. Oak Ridge National Laboratory. November 1997.  
• Efroymson, R.A., M.E. Will, and G.W. Suter II, 1997b. Toxicological Benchmarks for Screening 

Contaminants of Potential Concern for Effects on Soil and Litter Invertebrates and Heterotrophic 
Process: 1997 Revision. ES/ER/TM-126/R2. Oak Ridge National Laboratory. November 1997. 

• Efroymson, R.A., M.E. Will, G.W. Suter II, and A.C. Wooten, 1997c. Toxicological Benchmarks for 
Screening Contaminants of Potential Concern for Effects on Terrestrial Plants: 1997 Revision. 
ES/ER/TM-85/R3. Oak Ridge National Laboratory. November 1997. 

• The fourth stated source is Ecological Data Quality Levels (EDQL), U.S. EPA, Region 5, Final 
Technical Approach for Developing EDQLs for RCRA Appendix IX Constituents and Other Significant 
Contaminants of Concern, 1999 (USEPA 1999b).  However, that reference has been superseded by 
Region 5 Corrective Action, Ecological Screening Levels (USEPA 2003c), 
http://www.epa.gov/reg5rcra/ca/edql.htm. August 2003. 

 
For sediments, the stream must have an Aquatic Life Habitat Use Designation.  If all of the criteria for the 
site’s aquatic life habitat use designation have been met, it is assumed that benthic communities are not being 
harmed by contaminants at the site; therefore, sediment is dismissed from further evaluation.  If the criteria 
are not met, it is assumed that the benthic community is being harmed, and sediment must be evaluated 
further to determine whether the harmful conditions are related to the site.  To evaluate sediment, the 
maximum detected concentrations of COIs are to be compared to sediment screening values.  The hierarchy 
for sediment screening values (Ohio EPA 2003) was: 
 
• Consensus-based threshold effect concentration (TEC) values (MacDonald, Ingersoll, and Berger 2000).  
• EDQL, USEPA, Region 5, Final Technical Approach for Developing EDQLs for RCRA Appendix IX 

Constituents and Other Significant Contaminants of Concern, 1999 (USEPA 1999b).  However, this 
reference has been superseded by Region 5 Corrective Action, Ecological Screening Levels (USEPA 
2003c), http://www.epa.gov/reg5rcra/ca/edql.htm.  August 2003. 

 
Screening values for soil and sediment as well as the criteria for surface water are presented in Table 8-45.  
 
Radionuclides  
 
Screening for radiological COIs differs from screening for chemical COIs because radiation doses are 
additive and there is not a hierarchy of alternate benchmarks against which the doses are compared for any of 
the media.  The BCG is a concentration that is expected to result in a radiation exposure that does not harm 
ecological populations (NCRP 1991 and International Atomic Energy Agency [IAEA] 1992).  For 
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radionuclides, the concentration of any COI divided by its BCG gives the COI-specific fraction of the total 
dose; the sum of the individual fractions must not exceed 1. 
 
To carry out the screen for radionuclides, the maximum detected concentration of each COI in each medium 
from the site-wide data set was divided by the corresponding BCG.  The resulting fractions were summed 
separately for COIs in soil and in surface water and sediment.  If the sum of fractions for COIs in soil or in 
surface water and sediment was less than or equal to 1, risks from radionuclide exposure were judged to be 
negligible at all locations at the Former Harshaw Chemical Site.  If the sum of fractions was greater than 1, 
that medium was carried forward for further analysis (Figure 8-10).  In EU 6, the only radionuclide that was 
measured in surface water is uranium.  The sediments were only analyzed by gamma spectroscopy.  
Therefore, the data set is not complete for all radionuclides in both media in this EU.  This will be discussed 
in Section 8.4.5.2.   
 
8.4.2.2.2   Screening Results 
 
As seen in Table 8-43, radionuclide COIs are found above background in every soil EU.  Kerosene (TPH-
DRO) and molybdenum are also above background in every soil EU.  However, lithium is only above 
background in the surface soil in EUs 1 and 3 (Figure 6-33).  Therefore, lithium will not be carried forward 
to subsequent steps in EUs 2, 4, 5, and 6.  For the surface water and sediment unit (EU 6), most radionuclide 
COIs were screened out based on background (Table 8-43).   
 
Results of the general screen are shown in Table 8-46 for soil and Table 8-47 for surface water and sediment.  
The results show that chemical COIs are present in every soil EU above the screening levels.  Radiological 
COIs are above screening levels in EUs 1, 2, 3, and 5.  Radiological COIs are below screening levels in EU 
4, and so will not be carried forward in that EU (Table 8-46).    
 
In Cuyahoga River and Big Creek sediments and surface water (EU 6), molybdenum and uranium are found 
above background levels.  However, no sediment screening values are available for these constituents 
(uranium chemical toxicity).  Therefore, these constituents are carried forward for sediment (Table 8-47).  
The surface water concentrations of molybdenum and uranium are below their respective screening levels, so 
these constituents will not be carried forward for surface water.  Kerosene is above background in surface 
water, but is considered at background levels in sediment.  This may be due to the fact that kerosene is 
lighter than water, and would not necessarily be deposited onto the sediment at the release point.  Since there 
are no surface water screening values for kerosene, this constituent will be carried forward in EU 6 surface 
water.  
 
Although some components of kerosene have log(Kow) values greater than three, the components of 
kerosene (C9-C18 alkanes) can be metabolized, and so are not considered to be PBT (Tolls and van Dijk 
2002).    
 
8.4.2.3   Ecological Conceptual Site Models 
 
Ecological conceptual site models (ECSMs) depict and describe the known and expected relationships 
among the stressors, pathways, and assessment endpoints that are considered in the risk assessment, along 
with a rationale for their inclusion. Two ECSMs are presented for this SLERA.  One ECSM is associated 
with the general screening phase of the SLERA (Figure 8-10).  The other ECSM (Figure 8-11) represents the 
site-specific analysis screen.  The ECSMs for the Former Harshaw Chemical Site were developed using the 
available site-specific information and professional judgment.  The contamination mechanism, source media, 
transport mechanisms, exposure media, exposure routes, and ecological receptors for the ECSMs are 
described below. 
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8.4.2.3.1   Contamination Source 
 
The contamination source includes releases from historical site operations.  The Preliminary Assessment 
(USACE 2001b) states that process wastes from production of uranium compounds have been released to the 
environment as a result of leaking equipment, spills, and process releases to soil. 
 
8.4.2.3.2   Source Media 
 
The contaminated environmental media addressed in this SLERA are surface soil, surface water, and 
sediment.  The source medium is surface soil, and the other two media were likely contaminated by surface 
water runoff.  Surface soil for this BRA is defined to be soil from 0 to 2 ft bgs.  Contaminants released from 
historical site operations likely went directly into the surrounding soil (from air releases, spills, and other 
activities), which is why this is the source medium for this assessment. 
 
This is different than for the HHRA, where subsurface contamination was also included for completeness.  
This ecological assessment is a screening-level assessment only and focused on those media that could be 
contacted by ecological receptors in the near term.  The impacts to ecological receptors to subsurface 
contamination will be considered in the remedy selection process, but it is generally felt that protecting 
human health to such future exposures will also serve to protect ecological receptors.  This approach was 
determined to be the best way of conducting this SLERA and focusing on those media of most concern to 
ecological receptors.  
 
8.4.2.3.3   Transport Mechanisms 
 
Transport mechanisms at the site include volatilization into the air, biota uptake, erosion to surface water and 
sediment, and leaching to subsurface soil and groundwater.  Volatilization is not a principal transport 
mechanism because many years have passed since volatile chemicals were used at the site.  Biota uptake is a 
transport mechanism because some of the site contaminants are known to accumulate in biota, and those 
biota are free to move around.  The deposition of eroded soil containing site contaminants into surface water 
and sediment is also a valid transport mechanism for both ECSMs. 
 
8.4.2.3.4   Exposure Media 
 
Sufficient time (more than 50 years) has elapsed for contaminants in the source media to have migrated to 
potential exposure media, resulting in possible exposure of plants and animals that are in contact with these 
media. Potential exposure media include air, surface soil, food chain, surface water and sediment.  
Subsurface soil is a potential exposure route for external radiation of animals with burrows deeper than 0.6 m 
(2 ft).  However, the surface soil concentrations are generally greater than the subsurface soil radionuclides, 
so limiting the evaluation to surface soil remains a conservative assumption.  Subsurface soil at depths 
greater than 2 m (6.6 ft) is not considered a potential contaminant exposure medium, because burrowing 
animals are assumed to feed on plants and/or animals that are exposed to surface soil.  Groundwater is not 
considered an exposure medium because ecological receptors are unlikely to contact groundwater at a depth 
of greater than 5 ft bgs.  Groundwater could outcrop into surface water as a seep or spring, but is not 
considered an exposure medium until it does so.  If groundwater outcrops via seeps or springs, it is evaluated 
as surface water.  Sediment is assumed to be bottom solids under water in the Cuyahoga River, Big Creek, 
and any permanent waterways that have aquatic life use designations.  The four principal exposure media for 
the Former Harshaw Chemical Site are: soil, surface water, sediment, and food chain. 
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8.4.2.3.5   Exposure Routes 
 
Exposure routes are functions of the characteristics of the media in which the sources occur, and how both 
the released chemicals/radionuclides and receptors interact with those media (DOE 2002). For example, 
chemicals and radionuclides in surface water may be dissolved or suspended as particulates and be very 
mobile, whereas those same constituents in soil may be much more stationary. The biology of the receptors is 
important because it dictates their home range, whether the organism is mobile or immobile, local or 
migratory, burrowing or above ground, plant-eating, animal-eating, or omnivorous. 
 
For the general screen, specific exposure routes were not identified (Figure 8-10).  Specific exposure routes 
are not necessary for the general screen because it focuses on comparison of maximum detected 
concentrations of chemicals and radionuclides in the exposure media against published ecotoxicological 
benchmark concentrations derived for those media.  However, the site-specific screening ECSM (Figure 8-
11) does identify specific exposure routes, and indicates whether the exposure routes from the exposure 
media to the ecological receptors are major or minor.  Major exposure routes are evaluated quantitatively, 
whereas minor routes are evaluated qualitatively.  The site-specific screening ECSM (Figure 8-11) shows a 
major exposure route of surface soil to terrestrial plants and animals, and an incomplete exposure route of 
upper groundwater to terrestrial and aquatic plants and animals.  Groundwater is assumed not to be directly 
contacted by ecological receptors. 
 
The major exposure routes for chemical toxicity and internal radiation doses from surface soil include 
ingestion (for terrestrial invertebrates, rabbits, voles, shrews, robins, foxes, and hawks), external radiation 
(for terrestrial plants, terrestrial invertebrates, rabbits, voles, shrews, robins, foxes, and hawks), and direct 
contact (for terrestrial plants and invertebrates).  Minor exposure routes for surface soil include direct contact 
and inhalation of fugitive dust (for rabbits, voles, shrews, robins, foxes, and hawks).  The major exposure 
routes for surface water include ingestion and internal radiation (for aquatic biota, muskrats, ducks, mink, 
and herons), and direct contact (for aquatic biota and benthic invertebrates).  Direct contact is a minor 
exposure pathway for surface water and sediment (for muskrats, ducks mink, and herons).   The major 
exposure routes for sediment include ingestion (for aquatic biota, muskrats, ducks, mink, and herons), direct 
contact (for aquatic biota and benthic invertebrates), and external radiation (aquatic biota, muskrats, ducks, 
mink, herons, and benthic invertebrates).   
 
Exposure to subsurface soil (deeper than 0.6 m [2 ft]) is an incomplete pathway because ecological receptors 
are not expected to have contact with soil below this depth, except for external radiation to burrowing 
animals.  Exposure to groundwater is also an incomplete pathway for all terrestrial and aquatic ecological 
receptors because groundwater is too deep beneath ground level for there to be direct exposure to any of the 
receptors.  If the groundwater outcrops via seeps or springs into wetlands or ditches, it becomes part of the 
surface water and would be evaluated in the surface water pathway. 
 
8.4.2.3.6   Ecological Receptors 
 
For the general screen, specific ecological receptors were not identified, but terrestrial and aquatic biota were 
each considered as a whole (Figure 8-10).  For the site-specific screen, terrestrial and aquatic ecological 
receptors, as well as riparian receptors, were identified in the ECSM (Figure 8-11).  The terrestrial receptors 
include plants, terrestrial invertebrates (earthworms), rabbits, voles, shrews, robins, foxes, and hawks.  The 
aquatic receptors include benthic invertebrates and aquatic biota.   
 
Riparian herbivore receptors are represented by the muskrat and the mallard duck.  The riparian carnivores 
include mink and herons.  These receptors are discussed in more detail in Sections 8.4.3.3.5 and 8.4.3.3.7. 
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8.4.2.4   Ecological Assessment Endpoints and Measures 
 
The protection of ecological resources, such as habitats and species of plants and animals, is a principal 
motivation for conducting SLERAs.  Key aspects of ecological protection are presented as management 
goals, which are general goals established by legislation or agency policy, and based on societal concern for 
the protection of certain environmental resources.  For example, environmental protection is mandated by a 
variety of legislation and governmental agency policies (e.g., CERCLA and the National Environmental 
Policy Act).  Other legislation includes the Endangered Species Act (16 U.S.C. 1531-1544, 1993, as 
amended) and the Migratory Bird Treaty Act (16 U.S.C. 703-711, 1993, as amended).  To evaluate whether a 
management goal has been met, assessment endpoints, measures of effects, and decision rules were 
formulated.  The management goals, assessment endpoints, measures of effects, and decision rules are 
discussed below. 
 
There are two management goals for the Former Harshaw Chemical Site; however, the assessment endpoints 
differ between the general screen and the site-specific analysis screen.  The management goals for the 
SLERA are: 
 
• Management Goal 1: Protect terrestrial plant and animal populations from adverse effects due to the 

release or potential release of radionuclide and chemical substances associated with past MED/AEC-
related site activities. 

 
• Management Goal 2: Protect aquatic plant and animal populations and communities from adverse effects 

due to the release or potential release of radionuclide and chemical substances associated with past 
MED/AEC-related site activities. 

 
Ecological assessment endpoints were selected to determine whether these management goals are met at the 
unit.  An ecological assessment endpoint is a characteristic of an ecological component that may be affected 
by exposure to a stressor (e.g., COI).  Assessment endpoints are “explicit expressions of the actual 
environmental value that is to be protected” (USEPA 1992a).  Assessment endpoints often reflect 
environmental values that are protected by law, provide critical resources, or provide an ecological function 
that would be significantly impaired if the resource was altered (USEPA 1997b).  Unlike the HHRA process, 
which focuses on individual receptors, the SLERA focuses on populations or groups of interbreeding non-
human, non-domesticated receptors.  Accordingly, assessment endpoints generally refer to characteristics of 
populations and communities.  In the SLERA process, risks to individuals are assessed only if they are 
protected under the Endangered Species Act or other species-specific legislation, or if the species is a 
candidate for listing as a threatened or endangered species. 
 
Given the diversity of the biological world and the multiple values placed on it by society, there is no 
universally applicable list of assessment endpoints.  Therefore, Ohio EPA’s Ecological Risk Assessment 
Guidance Document (Ohio EPA 2003) was used as guidance to select assessment endpoints.   
 
For the general screen, the assessment endpoints are any potential adverse effects on ecological receptors, 
where receptors are defined as any plant or animal population, communities, habitats, and sensitive 
environments (Ohio EPA 2003).  Although the assessment endpoints for the general screen are associated 
with Management Goals 1 and 2, specific receptors are not identified with the assessment endpoints. 
 
For the site-specific analysis screen, the assessment endpoints are more specific and are stated in terms of 
types of specific ecological receptors associated with each of the two management goals (Table 8-48).  Table 
8-48 notes that assessment endpoints 1, 2, 3, and 4 entail the growth, survival, and reproduction of terrestrial 
receptors such as vegetation and terrestrial invertebrates, herbivorous mammals, worm-eating/insectivorous 
mammals and birds, and carnivorous top predator mammals and birds, respectively.  Assessment endpoints 1 
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through 4 are associated with Management Goal 1, protection of terrestrial populations and communities.  
Assessment endpoint 5 deals with the growth, survival, and reproduction of sediment-dwelling biota, which 
is associated with Management Goal 2, protection of aquatic populations and communities.  Assessment 
endpoints 6, 7, and 8 are also associated with Management Goal 2, and deal with the growth, survival, and 
reproduction of aquatic biota, aquatic herbivores, and riparian carnivores, respectively. 
 
The assessment endpoints were evaluated through the use of “measures” (formerly named measurement 
endpoints).  The USEPA defines measures as ecological characteristics used to quantify and predict change 
in the assessment endpoints.  They consist of measures of receptor and population characteristics, measures 
of exposure, and measures of effect (USEPA 1998c).  For example, measures of receptor characteristics 
include parameters such as home range, food intake rate, and dietary composition.  Measures of exposure 
include attributes of the environment such as contaminant concentrations in soil, sediment, surface water, and 
biota.  The measures of effect for the general screen consist of the maximum detected concentrations of each 
COI by medium, as well as the Ohio state water quality criteria for surface water, ecological screening value 
benchmarks for non-radionuclides in soil and sediment, and the soil and surface water BCGs for 
radionuclides (see Section 8.4.2.1).  In addition, TRVs for chemicals are published for soil (plants and 
terrestrial invertebrates), sediment (sediment-dwelling biota), surface water (aquatic biota), and wildlife 
(dietary no-observed-adverse-effect levels [NOAELs]) as measures of effects for the site-specific screen.   
 
Appropriate measures of exposure relating to the assessment endpoints for the general and site-specific 
screens include measured concentrations of chemicals in surface soil, sediment, and surface water.  
Additional measures of exposure for the site-specific screens include predicted concentrations of chemicals 
in vegetation and various receptor animals such as rabbits, shrews, American robins, and aquatic biota based 
on measured soil, sediment, and surface water concentrations.  The measures for the site-specific analysis 
screen, and their relationship to their corresponding assessment endpoints, are summarized in Table 8-48. 
 
In the general screen, maximum detected concentrations in soil or sediment at each EU were compared to 
default soil or sediment concentrations that are expected not to cause harm to ecological populations.  
Maximum concentrations in surface water were compared to Ohio state water quality criteria.  The general 
screen used Ohio EPA (Ohio EPA 2003) published guidelines for selection of screening values for soil and 
SRVs for sediment, and DOE (2002) BCGs for radionuclides in soil and surface water.   
 
COIs that remained after the general screen are denoted as COPEC and were subjected to a site-specific 
analysis.  The site-specific analysis includes evaluation of exposure of a variety of receptors to the RME 
concentrations of COPECs at each EU, using default dietary and uptake factors.  The representative 
ecological receptors may not all be present at each EU.  However, all representative receptors are evaluated 
at this step.   
 
For the site-specific screen, the decision rules for COPECs are based on Ohio EPA’s guidance for ecological 
risk assessment (Ohio EPA 2003).  For chemicals, the first decision rule is based on the sum of the HQs for 
each receptor.  The HQ is the ratio of the ambient exposure or EPC (numerator) of a given chemical to the 
ecological effects or toxicity reference value (denominator) of the same chemical.  Likewise for radiological 
COPECs, the sum of fractional doses from each radionuclide was calculated; the individual fractions are not 
used in the screen because radiation doses from all radionuclides are additive.  A ratio of 1 or smaller means 
that ecological risk is negligible while a ratio of greater than 1 means that ecological risk from that individual 
chemical is possible and that additional investigation should follow to confirm or refute this prediction.  The 
second decision rule is that if "no other observed significant adverse effects on the health or viability of the 
local individuals or populations of species are identified, the site is highly unlikely to present significant risks 
to endpoint species" (Ohio EPA 2003).  There are three potential outcomes for the SLERA:   
 
• No significant risks to ecological receptors so no further analysis is needed;  
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• More computations performed during a baseline ecological risk assessment; or  
• Remedial action objectives developed during a FS without further study.   
 
8.4.2.5   Selection of Site-Specific Ecological Receptor Species 
 
The selection of ecological receptors for the site-specific screen was based on plant and animal species that 
do or could occur in the terrestrial and aquatic habitats at the site.  The following three criteria were used to 
select the site-specific receptors: 
 
• Ecological relevance - means that the receptor has or represents a role in an important function such as 

energy fixation (e.g., plants), nutrient cycling (e.g., earthworms), and population regulation (e.g., hawks).  
Receptor species were chosen to include representatives of all applicable trophic levels identified by the 
ECSM for the site.  These species were selected to be predictive of assessment endpoints (including 
protected species/species of special concern and recreational species). 

 
• Susceptibility - means that the receptor is known to be sensitive to the chemicals and radionuclides 

detected at the site, and given their food and habitat preferences, their exposure is expected to be high.  
The species have a likely potential for exposure based upon their residency status, home range size, 
sedentary nature of the organism, habitat compatibility, exposure to contaminated media, exposure route 
and exposure mechanism compatibility.  The ecological receptor species exhibit life stage compatibility 
considering that short-lived organisms react more rapidly to contaminants and have higher turnover rates 
than long-lived organisms that respond more slowly and have shorter turnover rates.  Ecological receptor 
species were also selected based on the availability of toxicological effects and exposure information. 

 
• Management goals - refer to valuable roles in erosion control (e.g., plants), societal values (e.g., trapping 

for fur [mink] and small game hunting [rabbits]), and regulatory protection (e.g., Migratory Bird Act 
[robins, hawks, mallards, and herons] and Migratory Bird Hunting Stamp Act [mallards]).  The 
ecosystem functions of the ecological receptor species (food-web interactions, keystone species, vital to 
ecosystem function, dominant species or tolerant/intolerant species) were considered during the selection 
process. 

 
For the site-specific analysis screen, the recommended ecological receptors are terrestrial plants, terrestrial 
invertebrates, cottontail rabbits (Sylvilagus floridanus), meadow voles (Microtus pennsylvanicus), short-
tailed shrews (Blarina brevicauda), American robins (Turdus migratoris), red foxes (Vulpes vulpes), red-
tailed hawks (Buteo jamaicensis), sediment-dwelling biota, aquatic biota, muskrats (Ondatra zibenthicus), 
mallard ducks (Anas platyrhynchos), mink (Mustella vison), and great blue herons (Ardea herodias).  Each of 
these receptors is described in Section 8.4.2.5.1 (for terrestrial exposures) or 8.4.2.5.2 (for aquatic and 
riparian exposures). 
 
The proposed ecological receptors have been observed, or are likely to be present at the Former Harshaw 
Chemical Site.  There is suitable habitat for these species in and along the Cuyahoga River and Big Creek, 
which are part of EUs 2 and 3, the 19-acre habitat of EU 4, and the similarly sized habitat patches in EU 5.  
Note that there is even a small amount of habitat in land-locked EU 1.  Additionally, the site borders the 
Cleveland Metroparks system, which provides ample habitat for these species.   
 
8.4.2.5.1   Terrestrial Exposure Classes and Receptors 
 
Terrestrial exposures, receptors, and justification for their selection for the site-specific analysis screen are 
presented below. 
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Terrestrial Vegetation Exposure to Soil 
 
Terrestrial vegetation exposure to soil is applicable to the site-specific analysis.  Terrestrial plants have 
ecological relevance because they represent the base of the food web and are the primary producers that turn 
energy from the sun into organic compounds that provide energy for many animals.  In addition, plants are 
important to provide shelter and nesting materials to many animals; thus, plants are a major component of 
habitat.  Plants also provide natural cover and stability to soil and stream banks, thereby reducing soil 
erosion.  
 
Terrestrial plants are susceptible to toxicity from chemicals and, to a lesser extent, from radionuclides.  
Plants have roots that are in direct contact with surface soil, which provides them with direct exposure to 
contaminants in the soil.  They also can have exposure to contaminants via direct contact on the leaves.  
There are published toxicity benchmarks for plants (Efroymson et al. 1997c), and there are management 
goals for plants because of their importance in erosion control.  Thus, there is sufficient justification to 
warrant plants as a receptor for the SLERA. 
 
Terrestrial Invertebrate Exposure to Soil 
 
Terrestrial invertebrate exposure to soil is applicable to soil for the site-specific analysis.  Earthworms 
represent the receptor for the terrestrial invertebrate class.  Earthworms have ecological relevance because 
they are important for decomposition of detritus and for energy and nutrient cycling in soil (Efroymson et al. 
1997b).  Earthworms are probably the most important of the terrestrial invertebrates for promoting soil 
fertility because they process much soil.  
 
Earthworms are susceptible to exposure to and toxicity from COPECs in soil.  Earthworms are nearly always 
in contact with soil and ingest soil, which results in constant exposure. Although earthworms have less 
sensitivity to radiation compared to vertebrate receptors, they are sensitive to various chemicals.  Toxicity 
benchmarks are available for earthworms (Efroymson et al. 1997b).  Although management goals for 
earthworms are not immediately obvious, the important role of earthworms in soil fertility cannot be 
overlooked.  Thus, there is sufficient justification to warrant earthworms as a receptor for the SLERA. 
 
Mammalian Herbivore Exposure to Soil 
 
Mammalian herbivore exposure to soil is applicable to the site-specific analysis.  Cottontail rabbits and 
meadow voles represent mammalian herbivore receptors.  Both species have ecological relevance by 
consuming vegetation, which helps in the regulation of plant populations and in the dispersion of some plant 
seeds.  Small herbivorous mammals such as cottontail rabbits and voles are components of the diet of 
terrestrial top predators. 
 
Both cottontail rabbits and meadow voles are susceptible to exposure to and toxicity from COPECs in soil 
and vegetation.  Herbivorous mammals are exposed primarily through ingestion of plant material and 
incidental ingestion of contaminated surface soil containing chemical and radionuclides, as well as by 
external radiation.  Exposures by inhalation of COPECs in air or on suspended particulates, as well as 
exposures by direct contact with soil were assumed to be negligible.  Dietary toxicity benchmarks are 
available for many COPECs for mammals (Sample et al. 1997), and there are management goals for rabbits 
because they are an upland small game species protected under Ohio hunting regulations. There are no 
specific management goals for meadow voles at the Former Harshaw Chemical Site.  However, because of 
the management goals for rabbits, plus the ecological relevance and susceptibility to contamination for both 
species, there is sufficient justification to warrant cottontail rabbits and meadow voles as receptors for the 
SLERA. 
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Insectivorous Mammal and Bird Exposure to Soil 
 
Insectivorous mammal and bird exposure to soil is applicable to the site-specific analysis.  Short-tailed 
shrews and American robins represent the receptors for the insectivorous mammal and bird terrestrial 
exposure class, respectively.  Both species have ecological relevance because they help to control above-
ground invertebrate community size by consuming large numbers of invertebrates. Shrews and robins are a 
prey item for terrestrial top predators. 
 
Both short-tailed shrews and American robins are susceptible to exposure to and toxicity from COPECs in 
soil, as well as contaminants in vegetation and terrestrial invertebrates.  Both species, but especially shrews 
because of their burrowing activity, are also susceptible to external radiation exposure.  Insectivorous 
mammals such as short-tailed shrews and birds such as American robins are primarily exposed by ingestion 
of contaminated prey (e.g., earthworms, insect larvae, slugs) as well as ingestion of soil.  In addition, shrews 
ingest a small amount of leafy vegetation and the robin’s diet consists 50% of seeds and fruit.  Dietary 
toxicity benchmarks are available for mammals and birds (Sample et al. 1997).  Both species are included as 
receptors for the SLERA because there can be different toxicological sensitivity between mammals and birds 
exposed to the same contaminants.  There are management goals for robins because they are federally 
protected under the Migratory Bird Treaty Act of 1993, as amended.  There are no specific management 
goals for shrews at the site.  Based on the management goals for robins, plus the susceptibility to 
contamination and ecological relevance for both species, there is sufficient justification to warrant shrews 
and robins as receptors for the SLERA.  
 
Terrestrial Top Predators 
 
Exposure of terrestrial top predators is applicable to the site-specific analyses.  Red foxes and red-tailed 
hawks represent the mammal and bird receptors for the terrestrial top predator exposure class, respectively.  
Both species have ecological relevance because as representatives of the top of the food chain for the site 
terrestrial exposure units, they control populations of prey animals such as small mammals and birds.  
 
Both red foxes and red-tailed hawks are susceptible to exposure to and toxicity from COPECs in soil, 
vegetation and/or animal prey.  Terrestrial top predators feed on small mammals and birds that may 
accumulate constituents in their tissues following exposure at the site.  There is a potential difference in 
toxicological sensitivity between mammals and birds exposed to the same COPECs, so it is prudent to 
examine a species from each taxon (Mammalia and Aves, respectively).  Red foxes are primarily 
carnivorous, but consume some plant material.  The red-tailed hawk consumes only animal prey.  Both 
species, but especially foxes, are exposed to direct radiation.  The foxes also may incidentally consume soil.  
 
There are management goals for both species.  Laws (Ohio trapping season regulations for foxes, and federal 
protection of raptors under the Migratory Bird Treaty Act) also protect these species.  In addition, both 
species are susceptible to contamination and have ecological relevance as top predators in the terrestrial 
ecosystem.  Thus, there is sufficient justification to warrant these two species as receptors for the SLERA. 
 
8.4.2.5.2   Aquatic and Riparian Exposure Classes and Receptors 
 
The aquatic exposures, receptors, and justification for selection in the site-specific analysis screen are 
presented below. 
 
Exposure of Aquatic Biota to Water 
 
Exposure of aquatic biota to water is applicable to the site-specific analysis. Aquatic biota (e.g., aquatic 
plants, invertebrates, and fish) represent the ecological receptors for the aquatic biota exposure class.  
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Aquatic biota have ecological relevance because they represent the range of living organisms in the aquatic 
ecosystem and they provide food for various predators. 
 
Aquatic biota are susceptible to exposure to and toxicity from COPECs in surface water.  The exposure 
concentration for aquatic biota is assumed to be equal to the measured environmental concentration because 
the biota have constant contact with water and the aquatic toxicity benchmarks that are used are expected to 
protect aquatic life from all exposure pathways, including ingestion of surface water contaminated plants and 
animals.  Toxicity benchmarks are available for aquatic biota (Suter and Tsao 1996), but Ohio state water 
quality criteria for surface water must also be met. 
 
There are management goals for aquatic biota in laws that specify Ohio water quality standards to support 
designated uses (e.g., survival and propagation of aquatic life) for waters of the state.  In addition, aquatic 
biota are susceptible to contamination by virtue of continual exposure in water, and they have ecological 
relevance for biota within the aquatic and terrestrial ecosystems.  Thus, there is sufficient justification to 
warrant aquatic biota as a receptor for the SLERA. 
 
Exposure of Sediment-Dwelling Biota to Sediment 
 
Biota exposure to contaminated sediment is applicable to the site-specific analysis.  Benthic invertebrates 
such as aquatic insect larvae, like caddis flies (Trichoptera), mayflies (Ephemeroptera), and midges 
(Chironomidae), as well as non-insects such as crayfish (Decapoda), snails (Gastropoda), and clams and 
bivalves (Pelycypoda) represent the receptors for the sediment-dwelling biota aquatic exposure class.  These 
biota have ecological relevance because they provide food for many aquatic species, and also for some 
terrestrial mammals and birds such as raccoons, mallards and herons.  
 
Benthic invertebrates are susceptible to exposure to and toxicity from COPECs in sediment.  These biota 
have direct contact with sediment and sediment pore water.  They also have exposure to external radiation.  
Toxicity benchmarks are available for benthic invertebrates (Jones, Suter, and Hull 1997).  
 
There are management goals for sediment-dwelling biota because the condition of these biological 
communities is linked to assessment of Ohio water quality use attainment in streams.  These biota are 
susceptible to contamination by virtue of continual exposure in sediment and they have ecological relevance 
as a major food source for aquatic biota.  Thus, there is sufficient justification to warrant sediment-dwelling 
biota as a receptor for the SLERA. 
 
Riparian Herbivore Exposure to Water, Sediment, and the Aquatic/Sediment Food Web 
 
Riparian herbivores like muskrats and mallard ducks are exposed to water and sediment so these exposures 
are applicable to the Former Harshaw Chemical Site-specific analysis.  Muskrats eat aquatic vegetation.  
Mallard ducks are surface-feeding ducks that obtain much of their food by dabbling in shallow water and 
filtering through soft mud with their beaks.  Their food consists mostly of seeds of aquatic plants, as well as 
aquatic invertebrates (USEPA 1993d).  Animal matter accounts for approximately 67% to 90% of the diet for 
breeding female ducks during the spring and summer, but decreases to less than 10% of the diet during the 
winter.  Mallards have ecological relevance as important components of the aquatic food web.  As aquatic 
herbivores, muskrats and mallards help maintain the size and composition of the aquatic vegetation 
community.  
 
Muskrats and mallards are susceptible to exposure to and toxicity from COPECs in surface water and aquatic 
vegetation.  The potential for exposure to contaminants is high because they consume aquatic and sediment-
dwelling plants that can accumulate high concentrations of some chemicals from water.  In addition, these 
species can have further exposure via ingestion of contaminants in surface water that they use for a drinking 
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water source and incidentally ingested sediment.  Muskrats and mallards can receive external radiation 
exposure.  Since there is a potential difference in the toxicological sensitivity of mammals and birds exposed 
to the same COPECs, one mammal and one bird were examined for exposure to water, sediment and the 
aquatic food chain.  Dietary toxicity benchmarks for many inorganic and some organic substances are 
available for mammals and birds (Sample et al. 1996). 
 
There are management goals for muskrats and mallards.  For example, there are Ohio trapping season 
regulations for muskrats, and mallards are federally protected under the Migratory Bird Treaty Act of 1993, 
as amended.  Mallard ducks are also federally protected as a game species under the Migratory Bird Hunting 
and Conservation Stamp Act of 1934, as amended.  Both species are susceptible to COPECs especially via 
ingestion exposure, and they have ecological relevance. Thus, there is sufficient justification to warrant these 
receptors for the SLERA. 
 
Riparian Carnivores 
 
Exposure of predators to aquatic biota is applicable to the site-specific analysis because kerosene, 
molybdenum and total uranium, which have no sediment screening benchmarks, are present and require site-
specific analysis.  Exposure evaluation for piscivores (fish-eating predators) is required by Ohio EPA (Ohio 
EPA 2003) when a PBT compound or a COPEC with no screening benchmark is found in surface water or 
sediment.  Mink and great blue herons are riparian carnivores chosen to represent mammalian and bird 
receptors for the fish-eating predator exposure class, respectively.  Riparian carnivores feed predominantly in 
and along the banks of streams.  Both species have ecological relevance because as piscivorous riparian 
carnivores, they are important components of the aquatic food web representing the top predators.  As top 
predators, they help limit the population size for some aquatic and some sediment-dwelling biota 
communities.  
 
Both species are susceptible to exposure to and toxicity from COPECs in surface water, aquatic biota, and 
sediment-dwelling biota.  The potential for exposure to COPECs is high for these two species because they 
consume fish, which can accumulate high concentrations of some chemicals from water.  In addition, both 
species can have further exposure via ingestion of COPECs in surface water that is used for a drinking water 
source, and both species can receive external radiation exposure.  Dietary toxicity benchmarks are available 
for mammals and birds (Sample et al. 1996).  There can be differences in toxicological sensitivity between 
mammals and birds exposed to the same COPEC, so both species are appropriate. 
 
There are management goals for both species because regulations protect both species.  For example, mink 
are regulated by Ohio trapping regulations because they are fur-bearing mammals.  Great blue herons are 
federally protected under the Migratory Bird Treaty Act of 1993, as amended.  Both species are susceptible 
to contamination especially via ingestion exposure routes, and they have ecological relevance as predators.  
Thus, there is sufficient justification to warrant these two receptors for the SLERA. 
 
8.4.2.6   Exposure Units 
 
The SLERA utilizes the same EUs as the HHRA, except for the buildings in EU 1 and EU 2, groundwater in 
EU 7, and media associated with the utilities in EU 8, which are all unique to the human health risk 
assessment.  EUs are discussed in Sections 8.2.3.1 and 8.4.2.1. 
 
8.4.3  Site-Specific Screening Level Ecological Risk Assessment Methods 
 
For site-specific analysis, mathematical models are used to calculate the exposure of receptors to COPECs, 
and the exposures are compared to chemical TRVs and radiological BCGs.  COPECs are constituents that 
remain after the general screen.  TRVs are the lowest reported exposures that are expected not to harm 
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ecological populations or individuals of threatened and endangered species.  TRVs are concentrations (in the 
case of chemical exposure of plants, terrestrial invertebrates, aquatic biota, and benthic invertebrates) or daily 
doses (in the case of chemical exposure of mammals and birds and all exposure to radionuclides).  Published 
chemical-specific and receptor-specific TRVs were used for COPECs, and radiological BCGs developed by 
scientific consensus were used for radiological COPECs.  Each of these toxicity benchmarks is defined later 
in the text.  The final step is an SMDP, which will result in one of three actions based on a consideration of 
ecological risks: 
 
• No further action; 
• A decision whether to conduct a removal or other remedial action; or 
• A more detailed ecological risk assessment, including field surveys and sampling. 
 
The methods for performing ecological exposure assessment are presented in the following subsections, 
which describe: 
 
• The approach to using screening and analysis methods (Section 8.4.3.1); 
• Receptor-specific parameters to be used in the exposure equations (Section 8.4.3.2); 
• Exposure equations for COPECs (Section 8.4.3.3); 
• Uptake factors for ecological receptors (Section 8.4.3.4); 
• Implementation of the DOE (2002) graded approach for radiological COPECs (Section 8.4.3.5); 
• Effects evaluations for COPECs (Section 8.4.3.6); and 
• Approach to site-specific risk characterization (Section 8.4.3.7). 
 
8.4.3.1   Site-Specific Methods Approach 
 
As described in the problem formulation section, site risks were evaluated using two screening steps.  The 
steps culminate in SMDPs to decide whether the site or individual EUs of the site are unlikely to cause harm 
to ecological receptors, whether remedial action should be taken, or whether more extensive sampling and 
data analysis are needed before site closure can be achieved.  These decision points are limited to a 
consideration of ecological risks, and the risks to human health also need to be considered when determining 
the appropriate action to take at a contaminated site.  Site-specific screening of COPECs was based on 
methods used to calculate direct and ingestion exposures to chemicals as well as external and internal 
exposures to radionuclides.  Exposure concentrations at the EUs that were defined in Section 8.2.1 were used 
for the screening evaluations.   
 
The site-specific screening step used an estimate of the RME concentrations in environmental media at each 
EU to identify EUs that require no further analysis.  The RME concentration was defined as the lower of the 
95% UCL of the mean and the maximum detected concentration.  The methods used to calculate RME 
concentration for each COPEC at each EU are described in Section 8.4.2.2. 
 
For direct exposure (terrestrial plants, terrestrial invertebrates, aquatic biota, and benthic invertebrates), the 
HQ was calculated by dividing the RME concentration in soil, surface water, or sediment by the TRV.  For 
ingestion exposures (mammals and birds), the average daily dose (ADD) was calculated using the exposure 
equations presented in Section 8.4.3.3.  The HQ was calculated by dividing the ADD by the TRV.   
 
Internal concentrations of COPECs were calculated for terrestrial plants, terrestrial invertebrates, aquatic 
biota, and benthic invertebrates by multiplying the RME  concentration of the COPEC by a chemical specific 
and species-specific bioconcentration factor (BCF) or bioaccumulation factor (BAF) (BCFs and BAFs are 
defined and described in Section 8.4.3.4). 
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Internal concentrations of COPECs in mammals and birds were calculated by multiplying the ADD by a 
chemical specific and species-specific BAF (Section 8.4.3.4).  Internal concentrations of COPECs in prey 
species were used along with soil, surface water, and/or sediment concentrations to calculate the ADDs of 
predators (Section 8.4.3.3).   
 
8.4.3.2   Receptor Parameters 
 
Calculation of receptor-specific ADDs requires parameters that describe the home range, body weight, food 
and water intake rates, diet distribution, and lifespan.  The representative receptors for the SLERA are 
described in Section 8.4.2.3.6. Receptor parameters are not needed for plants, earthworms, benthic 
invertebrates, or aquatic biota because doses for these receptors are empirically based on contaminant 
concentrations in soil, sediment, or surface water, rather than calculated.  Receptor parameters are presented 
in Table 8-49. 
 
8.4.3.3   Exposure Equations for COPECs 
 
The dose that results from the exposure of a receptor to non-radioactive chemicals in soil, surface water, or 
sediment, both directly and through food chains, is the product of the concentration of the chemical in the 
ingested medium and exposure factors.  Exposure factors are used to quantify how much of the available 
chemical is assimilated by the receptor per unit of concentration in the medium.  Exposures were calculated 
for the EU-specific analysis steps based upon the following assumptions: the most likely contaminated food 
item makes up 100% of the diet, the receptor is present at the site 100% of the time, and all COPEC in the 
ingested food is absorbed. 
 
Equations used to calculate exposure to COPECs were adapted from equations presented in Ohio EPA 
guidance (Ohio EPA 2003).  Terms used in this section may differ from those used in the guidance, but the 
equations are mathematically equivalent to the corresponding equation in the Ohio EPA guidance (Ohio EPA 
2003).  Equations are presented here for:  
 
• Terrestrial mammals and birds (rabbit, vole, shrew, robin, fox, and hawk); 
• Aquatic biota (aquatic plants, invertebrates, and fish); 
• Benthic invertebrates (aquatic insect larvae, crayfish, snails, clams and bivalves); 
• Riparian herbivores (muskrat and mallard); and 
• Riparian carnivores (mink and heron). 
 
8.4.3.3.1   Terrestrial Plants 
 
Exposure equations are not needed for exposure of terrestrial plants to COPECs because their exposure is 
directly related to the concentration in soil.  Therefore, the measure of exposure for plants to a COPEC is the 
RME concentration of the COPEC in soil at each EU (Csoil, mg/kg).   
 
8.4.3.3.2   Terrestrial Soil Invertebrates 
 
Exposure equations are not needed for terrestrial invertebrates because their exposure is directly related to 
the concentration in soil.  Therefore, the measure of exposure for terrestrial invertebrates is the RME 
concentration of the COPEC in soil at each EU (Csoil, mg/kg).   
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8.4.3.3.3   Animals (Rabbit, Vole, Shrew, Robin, Fox, and Hawk) 
 
Terrestrial receptors are exposed to COPECs by ingestion of food and soil.  Two kinds of equations were 
required to calculate the exposures of all terrestrial receptors – an equation for exposure to terrestrial animals 
by ingestion of plants, terrestrial invertebrates, and soil, and an equation for exposure of top predators by 
ingestion of animal prey and soil.  The equation for exposure of terrestrial animals (designated ta) to a single 
COPEC in contaminated soil by ingestion of plants, terrestrial invertebrates, and soil was determined as 
follows: 
 

ADDsoil, ta  =  Csoil × ((SPv × PI) + (BAF-S × AI) + SI) × AUF × TUF 
 

(Eq. 35)

(Eq. 36)

 
where: 
ADDsoil, ta = Average daily dose of COPEC (mg/kg wet weight-d)  
Csoil = RME concentration of COPEC in soil (mg/kg dry weight)  
SPv = Soil-to-plant BCF in mg/kg wet weight per mg/kg dry soil  

(= kg dry soil/kg wet weight); SPv indicates a diet of vegetative plant parts but is used 
for all plants because it is higher, and therefore more conservative, than the uptake 
factor for reproductive parts 

PI  =  Plant intake (kg fresh plant/kg wet weight-d) 
BAF-S =  Soil-to-terrestrial invertebrate bioaccumulation factor (BAF) in mg/kg wet weight 
  per mg/kg dry soil (= kg dry soil/kg wet weight) 
AI  =  Animal intake (kg fresh animal/kg wet weight-d) 
SI = Soil intake (kg/kg wet weight-d) 
AUF = Area use factor, ratio of an organism’s home range to the area of contamination  
  (unitless, assumed to be 1 for screening) 
TUF = Temporal use factor, time organism spends in the area of contamination (unitless,  
  assumed to be 1 for screening) 
 
The equation for exposure of top predators (designated pred) by ingestion of animal prey, plants, and soil 
was determined as follows: 
 

ADDta, pred  =  (Cta × AI + Csoil × (SI + SPv × PI)) × AUF × TUF 
 
where:  
 
ADDta, pred = Average daily dose of COPEC to predator by ingestion of prey animals and plants 
  (mg/kg wet weight-d)  
Cta = Concentration of COPEC in terrestrial animal tissue (mg/kg wet weight)  
AI = Animal intake (kg wet weight of prey (e.g., rabbits)/kg wet weight of predator-d) 
Csoil = Concentration of COPEC in soil (mg/kg dry weight)  
SI = Soil intake (kg dry soil/kg wet weight-d) 
SPv = Soil-to-plant BCF in mg/kg wet weight per mg/kg dry soil  
  (= kg dry soil/kg wet weight); SPv indicates a diet of vegetative plant parts but is used 
  for all plants because it is higher, and therefore more conservative, than the uptake  
  factor for reproductive parts 
PI  = Plant intake (kg fresh plant/kg wet weight-d) 
AUF = Area use factor, ratio of an organism’s home range to the area of contamination  
  (unitless, assumed to be 1 for screening) 
TUF = Temporal use factor, time organism spends in the area of contamination (unitless,  
  assumed to be 1 for screening) 
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The equation for Cta (Equation 37) is used to calculate the concentrations of COPECs in prey tissues for use 
in the ADDta,pred equation for top predators.  Cta is calculated as: 
 

Cta  =  ADDsoil, ta × BAFta (Eq. 37)

(Eq. 38)

 
where: 
 
ADDsoil,ta = Average daily dose of COPEC (mg ingested / kg wet weight-d)   
BAFta = Ingestion-to-tissue BAF (mg-d / mg ingested); BAFta is calculated as described  
  in Section 8.4.3.4.3. 
 
Receptor-specific intake parameters are discussed in Section 8.4.3.2 (Table 8-49), and chemical-specific 
BCFs and BAFs are discussed in Section 8.4.3.4. 
 
8.4.3.3.4   Aquatic Biota 
 
Exposure equations are not needed for aquatic biota because their exposure is directly related to the 
concentration in surface water.  Therefore, the measure of exposure of aquatic biota is the concentration of 
the COPEC in unfiltered surface water at the site or EU (Csw,u in mg/L).  
 
8.4.3.3.5   Riparian Herbivores (Muskrat and Mallard), Sediment 
 
Aquatic herbivores are exposed to COPECs in sediment by ingestion of food and sediment.  The equation 
(Equation 38) for exposure of aquatic herbivores (designated ah) to a single COPEC in sediment is: 
 

ADDsed,ah  =  Csed × (SPv × PI + BASF × AI +SI) × AUF × TUF 
 

where: 
 
ADDsed,ah = Average daily dose of COPEC from sediment (mg/kg wet weight-d)  
Csed = Concentration of COPEC in sediment (mg/kg dry weight)  
SPv = Sediment-to-plant BCF in mg/kg tissue per mg/kg dry sediment (= kg dry  
  sediment/kg fresh tissue) 
PI  =  Plant intake (kg fresh plant/kg body weight-d) 
BASF =  Sediment-to-aquatic biota BAF for prey (benthic invertebrates) in mg/kg tissue per  
  mg/kg sediment (= kg dry sediment/kg fresh tissue) 
AI  =  Animal intake (kg fresh animal/kg wet weight-d) 
SI = Sediment intake (kg dry sediment/kg body weight-d) 
AUF = Area use factor, ratio of an organism’s home range to the area of contamination  
  (unitless, assumed to be 1 for screening) 
TUF = Temporal use factor, time organism spends in the area of contamination (unitless,  
  assumed to be 1 for screening) 
 
Receptor-specific intake parameters are discussed in Section 8.4.3.2 (Table 8-49), and chemical-specific 
BCFs are discussed in Section 8.4.3.4. 
 
8.4.3.3.6   Riparian (Muskrat and Mallard), Water 
 
Riparian herbivores are exposed to COPECs in surface water by ingestion of water.  The equation (Equation 
39) for exposure of aquatic herbivores (designated ah) to a single COPEC in surface water is: 
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ADDwater,ah = Csw,u × WI × AUF × TUF (Eq. 39)

(Eq. 40)

(Eq. 41)

 
where: 
 
ADDwater,ah =  Average daily dose of COPEC from surface water (mg/kg wet weight-d)  
Csw,u =  Concentration of COPEC in unfiltered surface water (mg/L)  
WI =  Water intake (L/kg body weight-d) 
AUF =  Area use factor, ratio of an organism’s home range to the area of contamination  
   (unitless, assumed to be 1 for screening) 
TUF =  Temporal use factor, time organism spends in the area of contamination (unitless,  
   assumed to be 1 for screening) 
 
Receptor-specific intake parameters are discussed in Section 8.4.3.2 (Table 8-49), and chemical-specific 
BAFs are discussed in Section 8.4.3.4. 
 
8.4.3.3.7   Riparian Carnivores (Mink and Heron), Sediment 
 
Riparian carnivores are exposed to COPECs in sediment by ingestion of food and sediment.  The equation 
(Equation 40) for exposure of riparian carnivores (designated rc) to a single COPEC in sediment is: 
 

ADDsed,rc  =  Csed × (BASF × AI + SPv × PI + SI) × AUF × TUF 
 
where: 
 
ADDsed, rc = Average daily dose of COPEC in sediment (mg/kg wet weight-d)  
Csed = Concentration of COPEC in sediment (mg/kg dry weight)  
BASF =  Sediment-to-aquatic biota BAF for prey (benthic invertebrates) in mg/kg tissue per  
  mg/kg sediment (= kg dry sediment/kg fresh tissue) 
AI = Animal intake (kg fresh animal/kg body weight-d) 
SPv = Sediment-to-plant BCF in mg/kg wet weight per mg/kg 
  dry soil (= kg dry soil/kg wet weight); SPv indicates a diet of vegetative plant parts  
  but is used for all plants, because it is higher, and therefore more conservative, than 
  the uptake factor for reproductive parts 
PI = Plant intake (kg fresh plant/kg wet weight-d) 
SI = Sediment intake (kg dry sediment/kg body weight-d) 
AUF = Area use factor, ratio of an organism’s home range to the area of contamination  
  (unitless, assumed to be 1 for screening) 
TUF = Temporal use factor, time organism spends in the area of contamination (unitless, 
  assumed to be 1 for screening) 
 
Receptor-specific intake parameters are discussed in Section 8.4.3.2 (Table 8-49), and chemical-specific 
BAFs are discussed in Section 8.4.3.4. 
 
8.4.3.3.8   Riparian Carnivores (Mink and Heron), Water 
 
Riparian carnivores are exposed to COPECs in surface water by ingestion of food and water.  The equation 
(Equation 41) for exposure of riparian carnivores (designated rc) to a single COPEC in contaminated surface 
water is: 
 

ADDwater,rc  =  Csw,u × ( BAFaq × AI + WI) × AUF × TUF 
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where: 
 
ADDwater,rc = Average daily dose of COPEC in surface water (mg/kg wet weight-d)  
Csw,u = Concentration of COPEC in unfiltered surface water (mg/L)  
BAFaq =  Water-to-aquatic biota BAF for prey (fish) in mg/kg wet weight per mg/L surface  
  water [=L surface water/kg fresh tissue]) 
AI  =  Animal intake (kg fresh animal/kg body weight-d) 
WI = Water intake (L/kg body weight-d) 
AUF = Area use factor, ratio of an organism’s home range to the area of contamination  
  (unitless, assumed to be 1 for screening) 
TUF = Temporal use factor, time organism spends in the area of contamination (unitless,  
  assumed to be 1 for screening) 
 
8.4.3.3.9   Benthic Invertebrates 
 
Exposure equations are not needed for benthic invertebrates because their exposure is directly related to the 
concentration in sediment.  Therefore, the measure of exposure of benthic invertebrates is the concentration 
of the COPEC in sediment at EU 6 (Csed in mg/kg). 
 
8.4.3.4   Uptake Factors (BCFs and BAFs), Including Unit Conversions 
 
For some COPECs, the BCFs and BAFs used in the ADD equations are available in guidance or other 
published literature.  For some COPECs these values must be estimated.  The order of preference for use of 
BCFs and BAFs is: 1) government agency guidance; 2) published values in the open scientific literature; and 
3) calculations based on chemical properties.  BCFs and BAFs can be estimated using chemical properties of 
the COPECs such as the soil-to-water partitioning coefficient (Kd).  Chemical specific BCFs and BAFs are 
presented in Table 8-50.  Receptor-specific parameters were also needed to calculate BAFs when empirically 
derived factors were not available.  Receptor-specific parameters are presented in Section 8.4.3.2, (Table 8-
49).  BCFs and BAFs are shown in Tables 8-50 and 8-51. 
 
8.4.3.4.1   BCFs for Terrestrial Plants (SPv) 
 
Chemical concentrations in terrestrial plants are calculated by using factors for uptake from soil into the 
aboveground portion of plants.  The concentration in aboveground vegetative and reproductive portions of 
plants through root uptake from soil is a function of the chemical specific soil concentration and chemical 
specific plant BCFs (SPv for vegetative portions and SPr for reproductive portions).  Because receptors may 
have mixed diets of vegetative and reproductive plant parts, the higher of the two BCFs, which is always the 
SPv, was used for all of the site-specific calculations. 
 
SPvs were taken from two sources and are presented in Table 8-50.  SPvs for lithium, molybdenum, and 
uranium were taken from Baes et al. (1984), and SPvs for uranium and thorium are contained in RESRAD-
BIOTA data tables.  SPvs for all of these COPECs are provided in Table 8-50. 
 
Empirically determined SPvs were used in preference to calculated or estimated values.  Default values were 
not used if values based on chemical properties were available.  SPvs that were reported on a dry-weight 
basis were converted to wet-weight basis.  It was assumed that vegetative portions are 85% water (Ohio EPA 
2003).  The conversion was done by multiplying SPvs by (1 – 0.85) = 0.15 (Ohio EPA 2003). 
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8.4.3.4.2   BAFs for Terrestrial Invertebrates (BAF-S) 
 
Chemical concentrations in terrestrial invertebrates were calculated using uptake factors from soil into the 
invertebrate tissue.  The concentration accumulated in invertebrate tissues through direct contact with and 
ingestion of soil and detritus is a function of the chemical specific soil concentration and chemical-specific 
invertebrate bioaccumulation factors (BAF-S). 
 
There are few published BAFs for uptake of COPECs from soil by terrestrial invertebrates.  Measured values 
for lithium (DOE 1997b), molybdenum (Beyer and Stafford 1993), and uranium (DOE 1997b) were used and 
are included in Table 8-50.   
 
8.4.3.4.3   BAFs for Terrestrial Mammals and Birds (BAFta)  
 
Published soil-to-animal BAFs are predominantly available only for terrestrial invertebrates.  Ohio EPA 
(2003) guidance states that ingestion-to-beef uptake factors (Bb) presented by Baes et al. (1984) are to be 
used as BAFs for inorganic COPECs.  BAFs for radiological COPECs are contained in RESRAD-BIOTA 
data tables and are described in DOE (2002).   
 
The units of Bb are (mg retained/kg tissue)/(mg ingested/d).  This value is a measure of the fraction of each 
day's intake of a COPEC by beef cattle that is retained in tissue.  Ohio EPA (2003) guidance assumes that the 
fraction of a COPEC that is retained is the same for mammals and birds, and does not vary with body weight.  
To calculate the BAF for mammal or bird receptors (BAFta), Bb was multiplied by the body weight of the 
receptor to put the uptake factor in terms of total ingestion of the COPEC per day, as shown below:   
 

BAFta  =  Bb × BW (Eq. 42)
 
where: 
 
BAFta = BAF for mammal or bird receptor ([mg retained] / [mg ingested/d]) 
Bb = Ingestion-to-beef transfer factor ([mg retained/kg tissue])/([mg ingested/d]) (Baes et al.  
  1984) 
BW = Body weight of receptor (kg) 
 
Values of Bb and BAFta are given in Table 8-51. 
 
8.4.3.4.4   BAF for Aquatic Animals (BAFaq) 
 
Constituent concentrations in aquatic biota were calculated using factors for predicting COPEC uptake from 
surface water into the tissue of aquatic biota.  The concentration in aquatic biota through uptake from surface 
adsorption (bioconcentration or BCF) and food ingestion is a function of the constituent surface water 
concentration and the constituent/organism specific bioaccumulation factor (BAFaq).   
 
Chemical-specific BCFs and BAFs are discussed in this section, while receptor-specific intake parameters 
are discussed in Section 8.4.3.2 (Table 8-49. Published BAFaq values for aquatic animals are presented in 
Table 8-50.  The BAFaq for radionuclides and uranium was taken from the DOE (2002) Graded Approach.  
The BAF values for lithium and molybdenum were obtained from the DOE’s on-line Risk Assessment 
Information System. 
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8.4.3.4.5   BCFs for Aquatic Plants 
 
Aquatic plants were assumed to be rooted in sediment and have the same BCFs as terrestrial plants (SPv).  
SPvs for inorganic COPECs were taken from Baes et al. (1984) and are provided in Table 8-50.  SPvs for 
radiological COPECs are contained in RESRAD-BIOTA data tables and also are provided in Table 8-50. 
 
8.4.3.4.6   Bioaccumulation Factors for Benthic Invertebrates (BASF) 
 
There are few published BASF values for uptake of COPECs from sediment.  For COPECs with no 
published BASFs, the BAF-S values for terrestrial invertebrates were used.  These values are included in 
Table 8-50. 
 
8.4.3.5   Screening for Radiological COPECs 
 
Screening of COIs in soil, sediment, and surface water was done by using DOE's graded approach (DOE 
2002), which progresses from a general screen to a site-specific and receptor-specific screen.  The graded 
approach for evaluating radiation doses to aquatic and terrestrial biota is consistent with the standard 
ecological risk assessment paradigm in that it moves from a simple, relatively conservative screening 
evaluation to a more detailed and realistic assessment.  Each step in the graded approach addresses the 
principal ERA components, and is a framework for organizing the successively rigorous steps, but with a 
particular emphasis on ionizing radiation.  The graded approach does allow some flexibility in 
implementation of the steps, based on the characteristics of the site data and professional judgment of the risk 
assessors.  The components of this approach for screening COIs at the Former Harshaw Chemical Site are 
described in the following subsections.   
 
8.4.3.5.1   Screening Steps for Radiological COIs 
 
The screening steps are defined in detail for radionuclide exposure by DOE (2002).  The screens grow 
progressively more specific as follows: 
 
• General Screening Step: Divide the maximum detected concentration of each COI in soil, sediment, and 

surface water from the site-wide data set by the corresponding generic BCG.  Sum the fractions 
separately by media in soil, sediment, and surface water.  If the sum of fractions for radionuclides in soil 
or in sediment and surface water together is less than or equal to 1, risks from radionuclide exposure are 
judged to be negligible at all locations at the Former Harshaw Chemical Site.  If the sum of fractions is 
greater than 1, determine which COIs contribute the most to the exposure.  This step can be carried out 
by using DOE's RESRAD-BIOTA software, a program that contains the uptake factors, DCFs, and other 
parameters necessary to do the exposure calculations for media-specific default receptors.  However, for 
this SLERA, the generic BCGs were simply transferred to an Excel spreadsheet for comparison to site 
data.  This step and its results were presented in Section 8.4.2.2.  Further evaluation continues with an 
Analysis phase, beginning with the site-specific screening (Step 1 below). 

 
• Site-Specific Analysis, Step 1: This step uses maximum concentrations in EUs to identify EUs that 

require no further analysis.  To carry out this step, RESRAD-BIOTA (or comparable spreadsheet) 
divides the maximum detected concentration of each COPEC in soil, sediment, and surface water from 
each EU by the corresponding generic BCG from Step A.  It then sums the fractions separately for 
COPECs in soil and in sediment and surface water.  If the sum of fractions for radionuclides in soil or in 
sediment and surface water together is less than or equal to 1, that EU does not need to be analyzed 
further.  Section 8.4.3.1. listed those EUs that do not require further evaluation.  If the sum of fractions is 
greater than 1, then it is determined which COPECs contribute the most to the exposure.  Further 
evaluation continues with site-specific analysis (Step 2 below). 
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• Site-Specific Analysis, Step 2: This step uses average concentrations (95th UCL of the mean) in EUs to 
identify EUs that require no further analysis.  The average concentration of each COPEC in soil, 
sediment, and surface water from each EU is divided by the corresponding generic BCG from Step A, 
and the sums of fractions are obtained separately for COPECs in soil, sediment, and surface water.  If the 
sum of fractions for radionuclides in soil or in sediment and surface water together is less than or equal 
to 1, that group of analytes does not need to be analyzed further.  If the sum of fractions is greater than 1, 
then it is determined which COPECs contribute the most to the exposure.  If needed, further evaluation 
continues with additional site-specific analysis (DOE 2002). 

 
• Scientific Management Decision Point: Decide whether to carry out 1) no further action; or 2) 

development of remedial action objectives in the FS (i.e., compare cleanup goals based on protection of 
human health with biota concentration guidelines protective of ecological receptors), or 3) a 
comprehensive BERA, including collection of biota samples and evaluation of exposure frequencies. 

 
As mentioned in the beginning of this section, the graded approach for screening COPECs does permit 
flexibility in implementing specific steps of the process. The method states, “Any of the steps within the 
graded approach can be used at any time, but the general screening methodology will usually be the simplest, 
most cost-effective, and least time-consuming” (DOE 2002).  Therefore, there is some latitude in applying 
the graded approach.  For example, a preliminary review of the data may indicate that the Former Harshaw 
Chemical Site is unlikely to pass the general screen (Step A), and the evaluation might start with the EU-
specific screen (Step B).  Alternatively, a review of the data might indicate that after completion of the 
general screen (Step A), the process could move directly to the site-specific screen using EU-averages (Step 
C), thereby skipping the site-specific screen that uses EU-specific maximum concentrations. 
 
8.4.3.6   Effects Evaluation for COPECs 
 
Toxicity test endpoints were used as measures of effect to calculate HQs.  Toxicity endpoints were selected 
from published studies of exposure to contaminants under controlled conditions.  Toxicity endpoints for 
plants and terrestrial invertebrates were taken from Efroymson et al. (1997c) and Efroymson, Will, and Suter 
(1997b), respectively.  Toxicity test endpoints used as measures in the site-specific screen are referred to as 
toxicity reference values or TRVs.  TRVs for plants and terrestrial invertebrates are shown in Table 8-52.  
 
The preferred endpoint for mammals and birds is a chronic NOAEL for a measure of population 
maintenance, such as reproduction.  If a study with a chronic NOAEL is unavailable, a related study with a 
different endpoint can be used by employing one of the following adjustment procedures, in order of 
preference (Ohio EPA 2003): 
 
• Divide a subchronic NOAEL for longer-term subchronic exposures by 3; 
• Divide a subchronic NOAEL for sub-acute or short-term subchronic exposures by 10; 
• Divide an acute NOAEL by 100; 
• Divide a chronic Lowest Observed Adverse Effects Level (LOAEL) for a reproductive endpoint or a 

minor physiological change by 3; 
• Divide a chronic LOAEL for an effect that would reduce survivability in the wild or a gross or severe 

physiological change by 10; 
• Divide a subchronic LOAEL for longer-term subchronic exposure by 3 to convert to a chronic LOAEL, 

then divide by 3 or 10 to convert to a chronic NOAEL (as indicated in the fourth and fifth bullets); 
• Divide a subchronic LOAEL for sub-acute or short-term subchronic exposure by 10 to convert to a 

chronic LOAEL, then divide by 3 or 10 to convert to a chronic NOAEL (as indicated in the fourth and 
fifth bullets); 

• Divide an acute LOAEL by 1,000; and 
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• Divide an LD50 by 10,000. 
 
The chronic NOAEL for a mammal, or its calculated equivalent, was then adjusted using allometric scaling 
to account for differences in toxicity related to body weight (Ohio EPA 2003).  Equation 43 was used for this 
adjustment: 
 

TRV  =  chronic NOAEL × (BWt / BWw)1/4 (Eq. 43)
 

where: 
 
TRV  =  Toxicity reference value (mg/kg body wt-d) 
BWt  =  Body weight of the species used in toxicity testing (kg) 
BWw  =  Body weight of the wildlife species (kg) 
1/4 = Exponential factor, allometric scaling factor for mammals 
 
Adjusted toxicity endpoints were used as TRVs for the computation of HQs for mammals.  Body weight 
scaling was not conducted for birds (Ohio EPA 2003).  Instead, an adjustment to the initial TRV is based on 
taxonomic relatedness (Ohio EPA 2003), as follows: 
 
• If the receptor and the test species are in the same genus, the adjustment factor is 1.0; 
• If the receptor and the test species are in the same family but not the same genus, the adjustment factor is 

0.33; 
• If the receptor and the test species are in the same order but not the same family, the adjustment factor is 

0.33 × 0.33 = 0.109; and 
• If the receptor and the test species are in the same class but not the same order, the adjustment factor is 

0.33 × 0.33 × 0.1 = 0.011. 
 
TRVs should not be adjusted unless the receptor and the test species are in the same taxonomic class (Ohio 
EPA 2003).  Final TRVs are summarized in Tables 8-53 and 8-54. 
 
The hierarchy of TRVs for aquatic biota is: 1) Ohio water quality criteria (Ohio EPA 2003), 2) National 
Ambient Water Quality Criteria (found in Suter and Tsao 1996), and Tier II values (found in Suter and Tsao 
1996).  TRVs for aquatic biota are shown in Table 8-52. 
 
The hierarchy of TRVs for benthic invertebrates is the same as the hierarchy for SRVs (Ohio EPA 2003): 1) 
consensus-based TEC values (MacDonald, Ingersoll, and Berger 2000); and 2) USEPA Region 5 Corrective 
Action, Ecological Screening Levels (USEPA 2003c), available at the following web site location:  
http://www.epa.gov/reg5rcra/ca/edql.htm.  TRVs for benthic invertebrates are presented in Table 8-52. 
 
Toxicity endpoints for radiation exposure are 1 rad/d for terrestrial plants, terrestrial invertebrates, aquatic 
biota, and benthic invertebrates, and 0.1 rad/d for mammals and birds (DOE 2002).  These are consensus 
values that are expected not to harm ecological populations.  They were adopted by DOE (1990) and have 
been confirmed by international agencies (IAEA 1992 and NCRP 1991). 
 
8.4.3.7   Site-Specific Risk Characterization 
 
Risks from exposure to COPECs were computed by dividing the ADD for each COPEC in a medium by the 
corresponding TRV.  This yields the HQ, which is the ratio of the daily exposure to the allowable daily dose 
for that COPEC.  The HQs are summed to provide the HI.  If the HI for all receptors is less than or equal to 
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1, the site or EU does not need further evaluation.  If the HI is greater than 1, the screening evaluation moves 
to the next step (Section 8.4.8). 
 
Risks from exposure to radiological COPECs were calculated by dividing the radiation dose for each COPEC 
by the radiation benchmark, and the fractions were summed to determine the fraction of the allowable dose 
that results from the total radiation dose.  If that fraction is less than or equal to 1, the site or EU does not 
need further evaluation for radiation exposure.  If the fraction is greater than 1, the next step of the evaluation 
is decided at the SMDP. 
 
ADDs and radiation doses were calculated with the receptor parameters presented in Section 8.4.3.2, the 
equations presented in Sections 8.4.3.3 and 8.4.3.5, and the BAFs and BCFs presented in Section 8.4.3.4.  
The calculated ADDs and radiation doses are presented in Section 8.4.4.  The exposures were combined with 
TRVs presented in Section 8.4.3.6 to characterize risks to the ecological receptors at the Former Harshaw 
Chemical Site (Section 8.4.5).  The results of this characterization will lead to a SMDP at which the course 
for further action will be decided. 
 
8.4.4  Site-Specific Screening Level Exposure Estimates 
 
The following sections describe non-radionuclide and radionuclide site-specific screening level exposure 
assessments. 
 
8.4.4.1   Non-Radionuclides 
 
The ADDs to terrestrial and riparian animals and birds at the site EUs are presented in Appendix Tables 2D-
1 through 2D-7.  These ADDs were calculated assuming that 100% of the diet comes from the contaminated 
site, and that the constituents are completely bioavailable.   
 
8.4.4.2   Radionuclides 
 
The SLERA for radionuclides ended at step 2 of the site-specific analysis.  Therefore, radiation doses were 
not calculated per se, rather, the evaluation ended because the sums of fractions using average radionuclide 
concentrations in each EU were less than 1 (Table 8-55).   
 
8.4.5  Screening Level Risk Characterization 
 
The following sections discuss the characterization of screening level risk. 
 
8.4.5.1   Non-Radionuclides 
 
The ecological HQs for exposure to all chemical FUSRAP COIs at the site are summarized in Table 8-56.  
Total uranium and molybdenum are found in all terrestrial EUs above their naturally occurring background 
levels.  The SLERA indicates that exposure to uranium and molybdenum results in elevated HQs for plants, 
soil invertebrates, shrews, and robins.   However, these elevated HQ are only indicative of potential risk.   It 
should be noted that the plant and invertebrate soil screening levels for uranium (5 mg/kg) and molybdenum 
(2 mg/kg) are below the naturally occurring surface soil background levels for uranium and molybdenum 
(5.9 mg/kg and 4.07 mg/kg, respectively, see Table 8-1).  Therefore, there is low confidence in those 
screening levels. 
 
Lithium is present above naturally occurring background levels in EUs 1 and 3.  In the EUs where lithium is 
above background, it is showing elevated HQs for plants and soil invertebrates, but not to other receptors.  
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However, as for uranium and molybdenum, the lithium TRVs for plants and soil invertebrates are lower than 
their respective naturally occurring background levels.  Therefore, there is low confidence in these TRVs.   
 
Kerosene is present above naturally occurring background levels in all the terrestrial EUs (EUs 1 through 5).  
In EU 1, kerosene may also be present above industrial background concentrations.  However, as noted in 
Section 8.4.2, no TRVs exist for ecological receptors for kerosene, so it could not be evaluated in this 
SLERA. 
 
In the aquatic exposure unit, EU 6, the only constituents above background were molybdenum, uranium, and 
kerosene (above background in surface water, but not sediment).  Kerosene lacked TRVs for aquatic 
receptors, so it could not be evaluated in this SLERA.  No unacceptable risks to aquatic receptors resulted 
from their exposure to molybdenum in EU 6.  For uranium, the only receptor that had a HQ above 1 was the 
heron, with an HQ of 2.  Please see Section 8.4.7.2 for a refinement of the HQ for heron exposure to uranium 
in EU 6. 
 
The determination of HQs is only one line of evidence in the overall determination of potential ecological 
risk at the site.  When determining whether or not these constituents should be labeled constituents of 
ecological concern (COEC), other lines of evidence must also be considered.  These considerations are 
discussed in Section 8.4.7. 
 
8.4.5.2   Radionuclides 
 
For the terrestrial exposure units (EUs 1-5, and EU 7), the SLERA ended following the site-specific analysis 
step 2, in which the 95th UCL of the mean of the radionuclide concentrations are compared to BCGs (Table 
8-55).  As stated in Section 8.4.4.2, the sum of fractions using average radionuclide concentrations in each 
EU was less than 1.  Exposures to radionuclides in the terrestrial EUs are unlikely to result in doses to 
ecological receptors that exceed acceptable dose limits for terrestrial biota.  Therefore, no further evaluation 
of biota doses due to soil exposures of radionuclides at the Former Harshaw Chemical FUSRAP site is 
necessary. 
 
For the aquatic exposure unit (EU 6), the maximum concentrations of radionuclides measured in sediment 
and surface water are well below BCGs, indicating that aquatic organisms are unlikely to receive harmful 
radiological doses (Table 8-47).  Therefore, no further evaluation of aquatic organism exposures to 
radionuclides in EU 6 is necessary. 
 
8.4.6  Uncertainties 
 
Uncertainties are present in every step of the SLERA process, and evaluation of these uncertainties is part of 
the SLERA (USEPA 1999c).  Uncertainties in each of the four inter-related steps of the USEPA approach to 
the SLERA will be discussed as follows:  
 
• Problem Formulation; 
• Exposure Assessment; 
• Effects Assessment; and 
• Risk Characterization.  
 
8.4.6.1   Problem Formulation 
 
Determination of the environmental concentration of contaminants deposited on the soil and water at 
exposure locations was based on many assumptions, and some degree of uncertainty exists about the 
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predicted spatial distribution of contaminants.  Exposure concentrations could have been over- or 
underestimated, depending on how well the sampling plan predicts contaminant distribution.  Since COPEC 
concentrations were often measured at locations where contamination is expected to be high, the resulting 
RME concentrations are likely to be biased higher than the true site average, possibly resulting in an 
overestimate of risk to populations. 
 
Because conservative exposure parameters (Section 8.4.3.2) were used to calculate HQs, the estimates of risk 
from COPECs are conservative (that is, protective).  Using conservative exposure concentrations decreases 
the likelihood of underestimating the risk posed by each COPEC and increases the likelihood of 
overestimating the risk.  Note that for wildlife receptors not living in soil, sediment, or surface water, HQ is a 
function of COPEC dose (ADD) or radiological dose, which, in turn, depends on a number of exposure 
factors (in addition to contaminant exposure concentration).  Thus, several factors determine how 
conservative an HQ might be (in addition to contaminant exposure concentration). 
 
The distribution and abundance of organisms comprising the ecological receptors at exposure locations have 
not been quantified by field studies.  This lack of quantitative data introduces uncertainties concerning 
whether, and to what extent, the risk characterization based on the selected receptor species underestimates 
or overestimates the risk to organisms that are not used in the risk computations but are found at exposure 
locations.   
 
More sensitive species than the selected ecological receptors may be present at exposure locations.  
However, it does not necessarily follow that these unevaluated species are at significantly greater risk of 
harmful ecological effects than those estimated in the SLERA, because their exposure may be less than the 
conservatively estimated exposure for receptors at the Former Harshaw Chemical Site. 
 
8.4.6.2   Exposure Assessment 
 
The movement of contaminants from the exposure locations through direct and indirect pathways to 
ecological receptors was estimated from soil, surface water, and sediment samples taken at selected 
locations.  This introduces uncertainties about the actual modes and pathways of exposure and the actual 
exposure concentrations of these contaminants to the ecological receptors.  Exposure concentrations can 
differ from the predicted environmental concentrations as a result of physical and chemical processes during 
transport from source to receptor.  These processes were not predicted quantitatively in this SLERA, and this 
contributes to uncertainty.   
 
The modes and pathways used to characterize exposure of ecological receptors are the most important ones 
for the relatively large and active species in terrestrial habitats.  Soil-dwelling terrestrial animals may be 
exposed to contaminants in soil by way of inhalation.  However, it is expected that the concentration of 
VOCs in soil interstices, cavities, and burrows will be very small; therefore, inhalation exposure was not 
evaluated in the SLERA.  The exposure to burrowing organisms at the site from contaminated soil and soil 
pore water may be underestimated if soil gas concentrations are larger than soil concentrations.  
Overestimating exposure by using conservative exposure concentrations is thought to compensate for the 
underestimation of exposure that may result from neglecting exposure modes and pathways of lesser 
importance.  Additional uncertainties are inherent in ingestion rates and dietary fractions of plants and 
animals.  Likewise, the effects of dermal exposure may be underestimated; uncertainty about these effects is 
discussed qualitatively in Section 8.4.5.  Exposure concentrations are likely overestimated because of 
conservative exposure factors.  
 
The assumption that future risks will be comparable to but no higher than current risks introduces 
uncertainty.  Organic COPECs are likely to be degraded by chemical and biological processes, and the 
degradation products may be either less toxic or more toxic than the parent compounds.  Inorganic COPECs 
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may undergo chemical reactions that make them more or less bioavailable.  Radionuclide concentrations will 
decrease slightly by radioactive decay.  In addition, soil movement may cover the contaminated soil with 
cleaner soil, thereby reducing exposure and risk. 
 
8.4.6.3   Effects Assessment 
 
Toxicity thresholds are based on concentrations reported to have no, or little, effect on test organisms or are 
estimated conservatively from published toxicity data.  TRVs for wildlife receptors exposed to soil are 
derived from NOAELs or LOAELs reduced by safety factors of 10 for chronic LOAELs and subchronic 
NOAELs or 100 for subchronic LOAELs (Sample et al. 1997).  These thresholds would underestimate risk 
only to organisms that are considerably more sensitive than the receptor organisms for the specific 
toxicological endpoint.  Ohio EPA considers the conversion factors used to derive the TRVs to be 
sufficiently conservative.  Despite this, the possibility remains that some thresholds may be set at levels at or 
above that which some harm would occur to organisms at the exposure locations because receptors may be 
more sensitive to other toxicological endpoints. 
 
The SLERA provides findings for COPEC-specific risk estimates and assumed additivity when calculating 
HIs.  Assuming additivity for both the human health and ecological risk assessments is consistent with the 
conservative assumptions in a screening level assessment. 
 
TRVs were not available for some COPECs and some receptors, notably for kerosene.  This situation likely 
results in underestimated risks.  While the concentrations of kerosene (TPH-DRO) in each EU are above the 
natural background level, the concentrations of kerosene are only above the industrial background level in 
EU 1.  Therefore, as much of the site is relatively un-impacted by kerosene compared to the surrounding 
industrial properties, the omission of kerosene due to lack of TRVs in this SLERA does not result in a large 
underestimation of the site-specific potential ecological risks. 
 
The TRVs for radiation exposure were proposed as doses that are unlikely to harm populations (IAEA 1992 
and Barnthouse 1995).  Individual plants or animals or tissues of plants and animals may be more sensitive to 
radiation damage than the populations evaluated by IAEA (1992).  For example, rapidly growing tissues such 
as root hairs may be particularly sensitive to external radiation if they are in close contact with contaminated 
media.  Therefore, the SLERA may underestimate risks from radiation by an unknown amount. 
 
Additional uncertainty exists as to the pertinence of individual organism toxicity for characterizing the risk to 
individuals, populations, and communities.  Populations possibly may compensate for a loss of large 
numbers of juveniles or adults with increased survival or birth rates, and communities may possess 
functionally redundant species that are less sensitive to contaminants.  Although the habitat at the exposure 
location likely possesses some buffering mechanisms, a conservative approach to risk assessment is still 
justified based on organismal toxicity thresholds (i.e., NOAELs), which likely results in an overestimate of 
risk for the population. 
 
8.4.6.4   Risk Characterization 
 
The uncertainties described above ultimately produce uncertainty in the quantification of current and future 
risks to plants and animals at the exposure locations.  Three additional areas of uncertainty exist in the risk 
characterization: off-site risk, background risk, and cumulative risk.  Each is briefly described below. 
 
8.4.6.4.1   Risk Outside the Modeled Study Area 
 
It is unlikely that receptors outside the study area would have lower toxicity thresholds for COPECs than the 
thresholds used for receptors within the study area and there is little reason to expect that COPECs migrating 
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outside the study area would be concentrated above predicted concentrations at the exposure locations unless 
a contaminant bioconcentrates in organisms that move extensively on and off the study area.  In general, the 
risk to receptors outside the study area is likely to be overestimated rather than underestimated by the risk 
estimate for receptors within the Former Harshaw Chemical Site (Spromberg et al. 1998). 
 
8.4.6.4.2   Background Risk 
 
Another source of uncertainty is ecological risk relative to background conditions.  Comparison of site 
concentrations to background concentrations for the site helps determine the portion of total risk that comes 
from background or off-site sources.  This is discussed in Sections 8.4.6.1 and 8.4.6.4.  Because the site-
related concentrations of lithium and molybdenum are not significantly different from the background levels 
of lithium and molybdenum within the industrial neighborhood of the site, presence of these two constituents 
on the Former Harshaw Chemical Site may not be entirely related to MED/AEC activity on the site.  
Kerosene is only elevated relative to industrial background values in EU 1, which is also the area of the site 
with the highest uranium concentrations.  The uranium concentrations in every EU are definitely elevated 
relative to both natural and industrial background values.  Concentrations of other radionuclides across the 
site are also elevated relative to both natural and industrial background values.    
 
8.4.6.4.3   Cumulative Risk 
 
Cumulative risk is possible when several living plants and animals are affected simultaneously.  Harmful 
effects in communities (including effects on individual organisms) may cascade throughout the system and 
have indirect effects on the ability of a population to persist in the area even though individual organisms are 
not sensitive to the given COPECs in isolation.  However, each receptor is assumed to be exposed to each 
COPEC at a concentration equal to the EPC, which tends to be an overestimation of the average 
concentration of that constituent throughout the site.  Risks may be overestimated because the risk 
calculations assume exposure 100% of the time at either the site-wide maximum concentration, or a high-end 
estimate of the mean. 
 
8.4.6.5   Summary of Uncertainties 
 
The most important uncertainties in the ecological portion of the SLERA for exposure locations are those 
surrounding the estimates of the contaminant concentrations to which ecological receptors are actually 
exposed (EPCs) and the concentrations that present an acceptable level of risk or harmful effects (toxicity 
thresholds or reference values).  Additional uncertainties arise from multiple sources, for example, the lack 
of site-specific data on contaminant transport and transformation processes, organismal toxicity, animal 
behavior and diet, population dynamics, and the response of plant and animal populations to stressors in their 
environments.  Despite these uncertainties, the modeled exposure concentrations and published exposure and 
effects information allow risks to be characterized for various exposure locations according to 
exposure/effects scenarios. 
 
8.4.7  Refinement of the Screening Level Ecological Risk Assessment 
 
This section provides a refinement of the initial screening level ecological risk characterization.  The 
refinement of the SLERA allows for revision of some of the generic assumptions used in the initial 
assessment, with more of site-specific information.   In addition, the refinement portion of the SLERA allows 
for consideration of other lines of evidence from the site, to support the SMDP for this level of the SLERA.    
The following considerations are made in the refinement of this SLERA: 
 
• Comparison of molybdenum to industrial background concentrations in EUs 1, 2, 3, and 5; 
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• Refinement of the hazard quotient for heron in EU 6 by utilization of a site-specific AUF, rather than the 
generic AUF of 1; 

• Lack of available habitat; 
• Consideration of the available habitat in EU 4, and expansion of background comparison for this EU; 
• Observations from ecological site walkover; and  
• Ecological management goals for the site. 
 
8.4.7.1   Comparison of Molybdenum to Industrial Background Levels  
 
In EUs 1, 2, 3, and 5, ecological HIs are over 100.  The driving risk in these elevated HIs are from exposure 
to molybdenum, for the robin and the shrew.   The highest HIs for these receptors are in EUs 3 and 5, where 
the molybdenum EPC is 17.6 and 16.7 mg/kg, respectively.  Although these concentrations are 
approximately 4 times greater than natural background value (UTL of 4.1 mg/kg), they are only slightly 
greater than the industrial background UTL of 14 mg/kg (Table 8-43), and lower than the maximum detected 
concentration in industrial background of 17.7 mg/kg.  Therefore, these concentrations of molybdenum (as 
represented by the EPCs) are not greater than ambient levels of molybdenum in the industrial neighborhood 
of the site (see Figure 6-34).  However, the use of XRF as a field screening tool to measure concentrations of 
metals in samples taken during the last two phases of investigation indicates a fairly strong relationship 
between XRF-detectable molybdenum and elevated uranium. Any remediation that may be performed on-site 
to reduce the better established human health risks from exposure to uranium will likely also reduce any 
associated molybdenum contamination.  
 
8.4.7.2   Refinement of Hazard Quotient in EU 6 for Heron with Site-Specific Area Use Factor 
 
As stated in Section 8.4.5.1, the HQ for uranium in EU 6 was above 1 for the heron.  However, the length of 
the riparian zone within the site is limited to approximately 1.5 km.  When the overall foraging range of the 
heron is considered (3.1 km) (USEPA 1993d), the AUF for herons on the site would be approximately 0.5.  
Substituting this site-specific value of 0.5 instead of the conservative assumption of 1 for the AUF decreases 
the HQ to 0.8.  This indicates that uranium concentrations in sediment in EU 6 have little potential to pose 
unacceptable risk to populations of herons in the vicinity of the FUSRAP site.    
 
8.4.7.3   Availability of Habitat  
 
Little ecological habitat is currently on the site, and what is available, is of poor quality.   The majority of 
EUs 1, 2, 3, and 5 are covered with pavement, therefore eliminating available ecological habitat.  In these 
areas, the site is not currently being used for ecological purposes, and any future use of these portions of the 
site will also likely not include management for ecological purposes; human health concerns will drive 
remediation.   
 
As noted in Section 8.4.2.1.6., one area within the FUSRAP site that does contain available habitat is in EU 
6.  This aquatic EU is not contaminated with COIs to the extent that the terrestrial EUs of the site are 
(especially EU 1).  As noted in Section 8.4.7.2, the only HQ above 1 in EU 6 is for the heron exposed to 
uranium.  When a site-specific area use factor is considered in the risk characterization, the HQ falls below 1.  
Therefore, this area of the site that does contain suitable habitat does not contain COIs at levels that could 
pose an unacceptable risk.   
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8.4.7.4   Habitat and Presence of COIs Relative to Background Levels in EU 4 
 
The other area of habitat on the site occurs in EU 4.  This EU is the terrestrial EU that is least impacted 
overall by industrial processes from the Former Harshaw Chemical Site.  In addition, this EU also contains 
floodplains.   
 
The total HI for EU 4 is 95.  However, much of this apparent hazard may in fact be due to concentrations of 
COIs that are close to ambient concentrations of these constituents in the industrial neighborhood of the site.  
In EU 4, lithium concentrations (EPC of 26.9 mg/kg) are equivalent to naturally occurring background 
concentrations (background value of 31.7 mg/kg), and so would not pose a potential risk to ecological 
receptors (Figure 6-33).  Molybdenum concentrations are only slightly above naturally occurring background 
concentrations (background value of 4.07 mg/kg) in only 2 of 7 sample locations (individual concentrations 
of 5.63 and 4.14 mg/kg, with an EPC of 4.45 mg/kg) (see Figure 6-34).  Therefore, as molybdenum 
contamination is extremely limited, it would likely not pose a real risk to any populations of ecological 
receptors that may inhabit this area of the site.  Kerosene concentrations are above naturally occurring 
background concentrations (natural background value is 19 mg/kg) in all 7 surface sample locations (EPC 
equal to maximum concentration of 289 mg/kg).  However, all of these kerosene concentrations are below 
industrial background concentrations of kerosene (industrial background value is 2,070 mg/kg), indicating 
that kerosene may not be a FUSRAP-related COC for this EU. 
 
Although approximately half of the 20 surface sampling locations contain uranium concentrations above 
background, the maximum concentration of uranium in EU 4 surface soil is only 49 mg/kg, with an EPC of 
24 mg/kg for the entire EU.   In this EU, uranium posed a potential unacceptable risk to robins, as indicated 
by a HQ of 23.  However, the naturally occurring background level of total uranium was determined to be 
5.94 mg/kg.  This background level of uranium would give a hazard quotient of 6.  This indicates that the 
TRV for robins is probably too conservative.  Furthermore, the industrial background level for uranium is 
approximately 10.6 mg/kg.  The hazard quotient from exposure to this level of uranium would be 10.  
Although the potential for exposure to uranium above background levels exists in EU 4, the site-specific 
concentrations in this EU are not that much greater than background concentrations.  Actual risk for robins 
due to exposure to uranium related to FUSRAP activities in EU 4 is probably low. 
 
8.4.7.5   Observations from Ecological Site Walkover 
 
An ecological site walkover indicated that the site is part of an industrial neighborhood, where overall lack of 
adequate ranges of habitat limit the presence of small mammals, birds, and other fauna on the site.  Only in 
EU 4 and EU 6 were birds observed (mourning doves and heron, respectively).  In the other EUs, no fauna 
were observed, other than a dead meadow vole in EU 2 and a dead white-tailed dear in EU 3 (Appendix 2E).    
 
8.4.7.6   Ecological Management Goals 
 
This site is not currently being managed for ecological purposes.  Potential future plans for the site by the 
Ohio Canal Corridor do not include ecological management of the site.  Therefore, protection of human 
health will be the dominant force driving development of remedial action objectives for the site.   
 
8.4.8  Scientific Management Decision Point 
 
The SMDP uses calculations from the SLERA, as well as other information such as determination of land-
use and consideration of ecological management goals at the site, to draw conclusions and to determine 
whether further steps should be taken to address potential ecological risks on the site.  There are three 
different determinations that can be made at the conclusion of this SLERA:  1) ecological risk at the site is 
negligible, 2) the potential for ecological risk is great enough and sufficient information exists to proceed 
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with a remedial action, or that 3) further information and evaluation are needed to better define potential 
ecological risks at the site. 
 
In the first case, no further consideration of ecological risks is required as the site progresses through the 
CERCLA process.  In the second case, the site may progress to the FS, including development of remedial 
action objectives that specifically protect ecological receptors.     In the third case, a baseline ecological risk 
assessment would be warranted.  This SLERA concludes with the first of the three SMDP outcomes (i.e., 
ecological risk is negligible and no further action is warranted with respect towards ecological receptors).   
 
There are several lines of evidence that support this decision.  First of all, there are no sensitive habitats or 
threatened and endangered species on the site that warrant special consideration or protection.  Secondly, 
available habitat on the site is limited under current use conditions (inactive industrial).  The site is 
extensively paved, and is located within a heavily industrial neighborhood.  Future development of the site 
may not necessarily continue the industrial use of the site, but it would still be done for human benefit (i.e., 
recreational use).  No ecosystem or habitat restoration is planned for the site.  One area of the site (EU 4) 
does have somewhat better habitat, but this is also the least contaminated area of the site.  Although some of 
the ecological HQs are elevated in some EUs (i.e., EUs 3 and 5) for some of the modeled ecological 
receptors (shrew, robins), the COPEC driving the elevated hazard indices is molybdenum, which does not 
appear to be elevated relative to the concentration of molybdenum on other industrial sites in the area.   
 
The site will progress towards the FS, with remedial action objectives designed to protect human health.  
However, any remedial action that occurs for protection of human health will also likely improve habitat and 
environmental health of the site.   
 
8.5   SUMMARY OF BASELINE RISK ASSESSMENT RESULTS 
 
As noted in Section 8.4.8, above, the SLERA concludes that no further action is needed for protection of 
ecological receptors from exposure to FUSRAP-related constituents at the site.   
 
However, the human health baseline risk assessment for both environmental media and buildings conclude 
that exposure to some areas of the site (EUs) under certain land use scenarios could result in cancer risks 
and/or radiological doses above risk or dose limits that are generally deemed acceptable for human health.  
These benchmarks are:   
 
• The upper range of acceptable incremental lifetime cancer risks (1 in 10,000 or 1E-04), as indicated in 

the NCP (USEPA 1990); and 
• The annual dose rate suitable for unrestricted release (25 mrem/year) following decommissioning of a 

United States Nuclear Regulatory Commission licensed site, as specified in Subpart E of 10 CFR 20.   
 
Risks and doses were calculated for both the RME as well as the CTE for both current conditions and 1,000 
years in the future.  The maximum risks and doses over this time period, for both amounts of exposure are 
summarized in Tables 8-57 and 8-58, and discussed further in Section 9.1.4. 
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9.   SUMMARY AND CONCLUSIONS 
 
This Remedial Investigation Report (RIR) presents a detailed analysis of environmental and non-
environmental data for the Former Harshaw Chemical Site.  Conclusions are conveyed through the 
conceptual model for nature and extent as well as groundwater flow and transport of contamination.  The 
conceptual models and exposure models have been used to assess risks to human health and the environment 
at the site.  This section summarizes the findings and conclusions of the Former Harshaw Chemical Site RI. 
 
9.1   SUMMARY 
 
The following sections summarize the conceptual site model (CSM), nature and extent of contamination, 
groundwater flow and transport, and the baseline risk assessment (BRA) as they pertain to Manhattan 
Engineer District/Atomic Energy District (MED/AEC)-related constituents of interest (COIs) in on-site 
media (soil, sediment, surface water, groundwater, and buildings).   
 
9.1.1  Conceptual Site Model 
 
The CSM for the nature and extent of contamination developed in the sampling plan for the main 
characterization effort for the Former Harshaw Chemical Sites was updated after the completion of that effort 
(Section 3.1.3). The revised CSM identified data gaps regarding the distribution of thorium-230 residuals at 
the Former Harshaw Chemical Site, and the potential release of recycled uranium (RU) and radiological 
contaminants contained in it from feed materials received from Hanford.  These data gaps were addressed in 
two additional field sampling efforts (Phase III and Phase IV), the results of which are included in this report 
along with those from the main characterization effort (Phase I and Phase II). The CSM is now further 
updated below with results from Phases III and IV summarized in Sections 9.1.2.2 through 9.1.2.4.  
 
The CSM for risk assessment (Figure 8-6) was developed to identify and visually organize potential exposure 
pathways and receptors, and to identify those pathways which are complete and could lead to exposures to 
COIs at the Former Harshaw Chemical Site.  Receptors may be exposed to constituents by contact with site 
media, or as the result of contaminant migration away from the source into other media.  Direct contact 
pathways represent exposure via direct contact with the source media.  The source media for the Former 
Harshaw Chemical Site include surface and total soil and buildings. 
 
It is probable that initial constituent releases at some locations of the site were restricted to surface soil, with 
various transport mechanisms leading to subsequent contamination of other environmental media, such as 
groundwater, total soil, surface water, and sediments.  Specifically, past releases from Building G-1 air 
stacks may have resulted in contamination of surrounding surface soil.  In addition, deeper soil may have 
been contaminated when contaminated soil and wastes were buried and/or used as fill material on various 
portions of the site.  On-site buildings, especially Building G-1, may also be considered source media, and 
direct contact with building surfaces may continue as an exposure pathway.   
 
9.1.2  Nature and Extent of Contamination 
 
COIs were evaluated for environmental media investigated in the RI.  The nature and extent of the COIs are 
summarized below for each media.  Results of data evaluations in support of definition of nature and extent 
are also presented. 
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9.1.2.1   Airborne Uranium Evaluation 
 
Near-surface soil (0 to 0.5 feet [ft] below ground surface [bgs]) sample results for total uranium from IA03, 
IA04, IA05, and IA06 were evaluated to determine if any evidence of airborne uranium transport from 
Building G-1 could be identified in shallow soil.  Based on the results of the statistical evaluation, there are 
no significant statistical differences between the near-surface and surface soil datasets for the subject IAs or 
background. 
 
Based on the site-specific wind direction of south-southwest, there does not appear to be a significant 
correlation with the distribution of near-surface soil data for total uranium.  Although the historical airborne 
release of total uranium at the site is considered likely, the RI soil data do not indicate a bias toward the near-
surface interval (0 to 0.5 ft bgs) that would indicate significant airborne deposition of contamination to soil. 
 
9.1.2.2   Enriched Uranium Evaluation 
 
The RI soil dataset was evaluated to characterize uranium contamination at the Former Harshaw Chemical 
Site, and to validate the original project assumption that primarily non-enriched (natural) uranium was 
processed at the facility.  The results of the evaluation do not indicate the site-wide presence of low-enriched 
(uranium-235 concentration is less than 20% and greater than 0.7%) uranium in soil at the site. 
 
Ratios of isotopic uranium-234 to uranium-238 and uranium-235 to uranium-238 were measured in site soils 
and groundwater using gamma spectroscopy and alpha spectroscopy. Measured isotopic ratios were 
compared to background measurements, and to known values for natural uranium. 
 
Gamma spectroscopy results for the site-wide dataset indicated that the uranium-235 to uranium-238 isotopic 
ratios were slightly elevated, average ratio of 0.068, in comparison to the expected 0.046:1 ratio by activity 
for natural uranium (Table 6-2).  However, only 9% of sample-specific ratios were determined to be 
significantly different than the expected 0.046:1 ratio based on the associated confidence intervals. The same 
elevation is present in both the on-site and off-site background datasets, this suggests  that the elevation is 
associated with method bias, and is not due to any site-specific radiological contamination 
characteristic. Gamma spectroscopy is insensitive to uranium-234, and thus did not produce an isotopic 
abundance for this isotope. 
 
The ratios of uranium-235 to uranium-238, and uranium-234 to uranium-238 for 24 soil samples analyzed by 
alpha spectroscopy were also evaluated.  The uranium-235 to uranium-238 activity ratios were similar to 
those for the gamma spectroscopy results with ratios apparently elevated over natural uranium.  In contrast, 
the median ratio of uranium-234 to uranium-238 was 1.00, consistent with natural uranium.   
 
Because of the relatively high levels of uncertainty in the isotopic ratios determined by either gamma or 
alpha spectroscopy, a further subset of soil and groundwater samples were analyzed by inductively coupled 
plasma-mass spectrometry (ICP-MS) to determine uranium isotopic ratio measurements with high precision 
and accuracy to produce an unequivocal determination of the isotopic ratios of uranium residuals in site soils 
and groundwater. 
 
In contrast to the results from gamma and alpha spectroscopy, uranium isotope ratios in site soils and 
groundwater measured by ICP-MS indicate the presence of residuals of slightly depleted uranium.  Measured 
uranium-235 to uranium-238 ratios are similar to documented ratios in RU feed from Hanford.  Conversely, 
there is no evidence of the presence of enriched uranium in any of the ICP-MS samples. No site samples 
exceeded uranium-235 to uranium-238 ratios measured in background soils or groundwater, however both 
site soils and groundwater results indicated slightly depleted levels of uranium-234 and uranium-235 relative 
to uranium-238 compared to known values for natural uranium.  Reduced or undetectable levels of uranium-
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236 relative to uranium-238 indicates natural uranium contamination.  Large quantities of feeds of each type 
were handled in G-1 which suggests there may be areas of mixed natural uranium and depleted uranium 
contamination in the vicinity. 
 
While the ICP-MS results show slight depletion as opposed to slight enrichment in the gamma and alpha 
spectroscopy results, because of the uncertainties in the latter two methods and ratios deviating only slightly 
from natural levels, the results obtained with them are consistent with those from ICP-MS.  The gamma and 
alpha spectroscopy results can be considered bounding measurements, while ICP-MS results would be 
considered definitive.  Based mainly on the ICP-MS results in conjunction with historical records of feed 
materials processed at HCC, the project assumption that uranium contamination at the Former Harshaw 
Chemical Site is primarily natural and slightly depleted uranium, with no significant presence of enriched 
uranium, is concluded to be accurate. 
 
9.1.2.3   Thorium-230 Evaluation 
 
Historical information collected prior to the main field investigation did not indicate that thorium-230 
contamination, separate from uranium, would be expected at the Former Harshaw Chemical Site.  During 
Phase I of the RI, thorium-230 residuals separate from uranium contamination, or in higher than expected 
proportions, were discovered on-site.  Further research into historical documentation indicated that thorium-
230 impurities in the uranium concentrates sent to the site might have been released from process waste 
streams generated in the refinery, such as filter solids, that would have been enriched in thorium-230 relative 
to uranium, which would have been largely extracted from the concentrate feeds. 
 
Because a relatively limited number of samples were collected for thorium-230 in Phase I, and because it 
was not detectable at low levels using the on-site gamma spectroscopy method (Broad Energy Germanium 
[BEGe]), a thorium-230 data gap was identified.  In response, an evaluation was initially performed to 
determine to what extent uranium-238 soil sample results in the Phase I data set could be used as a proxy for 
the presence or absence of elevated thorium-230 activity concentrations.  The following several preliminary 
conclusions were drawn from this initial review: 
 
• Almost all of the elevated thorium-230 activity concentrations encountered were associated with 

uranium-238 activity concentrations above background levels.  The one exception was a sample from 
IA07, with thorium-230 identified by the on-site gamma spectroscopy analysis with uranium-238 near 
background.  This sample had adjacent samples highly contaminated with uranium. 

 
• The alpha spectroscopy results for thorium-230 suggest that the thorium-230 detected above 16 

picocuries/gram (pCi/g) is, in general, collocated with uranium-238 greater than 15 pCi/g (total uranium 
screening level of 30 pCi/g).  This suggests that either the contamination is the result of disposing of 
waste stream material in the same place uranium-238 impacts were present, or that material jointly 
contaminated by waste stream material and product (e.g., used equipment, decontamination and 
demolition building debris) were stored or disposed of in specific areas. 

 
• The data from the on-site gamma spectroscopy laboratory suggest that it would have identified highly 

elevated levels of thorium-230 (i.e., greater than 100 pCi/g) if they existed.  An extrapolation based on 
comparing alpha spectroscopy and gamma spectroscopy thorium-230 results suggests there would have 
been approximately 17 samples that would have yielded an alpha spectroscopy result greater than 100 
pCi/g if all of the 921 samples had been analyzed by alpha spectroscopy.  This ratio compares favorably 
with the actual results found after all phases of investigation (this report), where eight of 329 soil and 
sediment results exceed 100 pCi/g for thorium-230. These results indicate that there is not a wide spread 
thorium-230 contamination problem for the Former Harshaw Chemical Site at levels exceeding 100 
pCi/g. 
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To address areas that could have thorium-230 impacts independent of uranium-238 but have not been 
thoroughly sampled, field samples were collected in two additional sampling phases (Phases III and IV) after 
the main characterization effort (Phases I and II).  Phase III sampling was done to investigate areas where 
wastes or contaminated media containing thorium-230 might have been handled, stored, or disposed.  These 
areas included an historical pit/pond north of G-1, beneath concrete pads at 10 locations, around buried sewer 
lines at two locations, and near a suspected underground storage tank (UST). Four sediment samples were 
also collected from the Cuyahoga River bed (IA08), and 10 sediments samples were collected from within 
storm sewer lines at accessible points. Phase IV sampling, while focused on RU residuals, collected 
additional samples that were analyzed for thorium-230. Archived samples and new samples of soil and 
groundwater were analyzed for thorium-230 by alpha spectroscopy, including soil samples from IA03-IA07. 
 
Results for Phases III and IV indicate that thorium-230 is consistently found along with uranium at levels 
similar to what was found in Phases I and II. No additional areas were found containing high thorium-230 
levels and low total uranium levels. Thus, the results confirmed the basic findings of the original Phase I and 
Phase II sampling. The Phase III and IV thorium-230 results have been added to maps of the contamination 
extent, and were included in the computation of exposure point concentrations used in the baseline risk 
assessment. 
 
9.1.2.4   Recycled Uranium Constituents 
 
Documents uncovered after the completion of Phase I and Phase II sampling indicated that RU from Hanford 
processed in the HCC refinery might have contained higher levels of radiological contaminants than 
originally thought.  In order to investigate the possibility that residuals of these contaminants in site media 
might pose a risk that would require remediation, Phase IV sampling and analysis was conducted on new and 
archived samples in potentially affected IAs. Contaminants of interest included technetium-99, europium-
152, europium-154, neptunium-237, plutonium-238, plutonium-239, plutonium-230, and americium-241. In 
addition, the isotopes uranium-233 and uranium-236 were of interest as markers of RU. 
 
Archived or new soil samples collected from all soil IAs (IA03-IA07), groundwater, and sediment and water 
samples from the site sewer system (IA09) were analyzed by various laboratory methods, including ICP-MS 
for determining uranium isotopes. Additional background samples were also collected and analyzed. 
 
The results of sample analysis confirmed the presence of RU, as well as very low levels of several 
radiological contaminants associated with it.  The presence of RU was confirmed primarily from the 
presence of the isotope uranium-236 in several locations (Figure 6-4). Uranium-236 is not found in natural 
uranium.  While the uranium-236 detections were few and low level, they were generally collocated with 
similarly low-level detects of technetium-99, plutonium-239/240, and americium-241.  In general, the ratios 
of uranium-236 to uranium-238 were in line with expected ranges in RU. Taken together, these results 
indicate fairly conclusively that residuals of RU are present in the Former Harshaw Chemical Site soils. 
 
Uranium-236 was found in only one of 21 groundwater samples at barely detectable levels (J-qualified). A 
few sporadic detections of similarly low levels of RU contaminants were found in groundwater, including 
isolated detections of technetium-99, plutonium-239/240, and americium-241 (Figure 6-5). In contrast to soil 
detections, however, these constituents of RU were not collocated in groundwater samples. Thus, while trace 
levels of RU constituents appear to be sporadically present in groundwater, the evidence for RU 
contamination is not as strong as that for soils, where constituents tended to be collocated. 
 
Residuals of RU in soils were found mainly in the vicinity of G-1 and the rail yard located to its north in 
IA03. No RU residuals were confirmed in any other IA. The locations of RU constituents in IA03 and the 
ratios of constituents found are consistent with contamination from RU feed materials in the rail yard, and 
near G-1 prior to processing. Once in processing, radiological contaminants would have been separated from 
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the RU feed and removed with the raffinate stream, likely to the sewer, and ultimately to the river. Soil 
contamination around G-1 appears to have different areas contaminated with RU, with ore concentrate feeds, 
and with both feeds, based on the relative concentrations of thorium-230 accompanying the total uranium 
concentrations found. thorium-230 is associated with ore concentrates, but not RU. 
 
9.1.2.5   Radiological Soil Core Screening 
 
A radiological soil screening correlation was conducted using static gamma measurements to compare the 
response of a sodium iodide (NaI) 2-inch by 2-inch radiation detector and a Field Instrument for the 
Detection of Low Energy Radiation (FIDLER) detector for on-site soil samples.  These measurements were 
correlated with corresponding on-site BEGe laboratory and General Engineering Laboratories, Inc. (GEL) 
analytical data for the samples.  Results of the soil screening correlation were used to evaluate the 
effectiveness of radiological soil screening and its potential use during future remedial activities. 
 
The NaI 2-inch by 2-inch and FIDLER detectors respond similarly to site radionuclides.  The statistically 
significant correlation between the BEGe activities and the FIDLER and NaI 2-inch by 2-inch counts, 
coupled with the consistency of response between the two detectors, evidenced by the moderately strong 
correlation between the instrument counts, suggests that either detector may be adequate to locate elevated 
radioactivity at the Former Harshaw Chemical Site in surface soil.  In all cases, the FIDLER detector had a 
greater response than the NaI 2-inch by 2-inch detector. 
 
The study was conducted on containerized soil in contrast to the actual in-situ measurements required in the 
field.  Variables associated with field implementation include:  
 
• Depth of contamination present; 
• Width of contamination present; 
• Meteorological conditions; 
• Soil moisture content; 
• Varying soil density; 
• Varying background activity in different areas of the site; and 
• Varying ratios of radionuclides in soil. 
 
One or more of the above variables may adversely impact the accuracy and consistency of field radiation 
measurements, and should be considered when attempting to draw conclusions from this type of data 
collection method for future use. 
 
9.1.2.6   Radium-226 Re-Analysis 
 
On-site BEGe gamma spectroscopy laboratory sample holding times were addressed to determine if adequate 
time was allowed for the in-growth of radon-222 decay products (i.e., bismuth-214) to be able to accurately 
measure soil concentrations of the parent isotope radium-226.  A total of 15 samples previously analyzed in 
the on-site gamma spectroscopy laboratory were sent for off-site analyses at GEL.  The bismuth-214 
concentrations were measured in these soil samples using gamma spectroscopy at GEL, and compared to the 
concentrations of radium-226 originally reported by the on-site gamma spectroscopy (also via bismuth-214).  
The average percent difference was determined to be minus fourteen percent (-14%).  In other words, the on-
site gamma spectroscopy laboratory underestimated radium-226 concentrations by approximately 14% when 
compared to radium-226 results reported from an off-site laboratory which utilized longer holding times to 
ensure more complete in-growth of radon-222 decay products. 
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The underestimation is consistent with what would be expected due to the shorter holding times associated 
with the on-site sample analyses.  However, there is a greater difference in results for radium-226 
concentrations reported to be less than approximately 1.5 pCi/g via the on-site BEGe laboratory.  For 
elevated results, the on-site gamma spectroscopy results are actually somewhat higher than the recounted 
results.  Therefore, it is concluded the overall amount of potential underestimation in the radium-226 
concentrations by the on-site gamma spectroscopy laboratory is not significant, and the radium-226 data set 
generated by the on-site gamma spectroscopy is adequate to determine nature and extent and characterize 
risks at the Former Harshaw Chemical Site. 
 
9.1.2.7   Background Sampling 
 
Background soil, sediment, and groundwater samples were collected and analyzed to provide data for the 
derivation of site-specific background values.  Background soil samples were collected during Phase I of the 
RI from both natural and industrial background locations.  Collocated background surface water and 
sediment samples were collected, and groundwater samples were collected from background monitoring 
wells installed during the RI. 
 
A statistical method as described in the BRA (Section 8) was applied to the background sample data to 
develop background screening values.  Site-specific background values are the lower of the 95th percentile 
upper tolerance limit (UTL) or the maximum detected concentration of the background data set.  The 
resulting values serve as the criteria for distinguishing whether site data indicate increased concentrations 
that may be due to MED/AEC-related site operations.  Sample data collected from the Former Harshaw 
Chemical Site are compared to the background screening value for each analyte in the background dataset.  
Environmental sample results greater than the site-specific background screening value were further 
evaluated in the BRA.  The initial screening of soil data in the BRA was performed using the natural 
background values. 
 
Calculated background values for COIs are summarized in the following table: 
 
 

COI Surface Soil Total Soil 
Ac-227 8.71E-02 pCi/g 1.06E-01 pCi/g 
Cs-137 4.29E-01 pCi/g 5.40E-01 pCi/g 
Pa-231 8.72E-02 pCi/g 1.06E-01 pCi/g 
Pb-210+D 1.45E+00 pCi/g 1.41E+00 pCi/g 
Ra-226+D 1.45E+00 pCi/g 1.41E+00 pCi/g 
Ra-228+D 1.87E+00 pCi/g 1.79E+00 pCi/g 
Th-228 1.41E+00 pCi/g 1.41E+00 pCi/g 
Th-230 1.21E+00 pCi/g 1.21E+00 pCi/g 
Th-232 1.41E+00 pCi/g 1.41E+00 pCi/g 
Total Uranium 4.05E+00 pCi/g 4.95E+00 pCi/g 
Total Uranium (chemical) 5.94E+00 mg/kg 7.26E+00 mg/kg 
Lithium 3.17E+01 mg/kg 3.17E+01 mg/kg 
Molybdenum 4.07E+00 mg/kg 4.13E+00 mg/kg 
TPH-DRO 1.90E+01 mg/kg 1.90E+01 mg/kg 
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COI  Sediment 
Ac-227 1.13E-01 pCi/g 
Cs-137 7.91E-02 pCi/g 
Pa-231 1.13E-01 pCi/g 
Pb-210+D 1.55E+00 pCi/g 
Ra-226+D 1.55E+00 pCi/g 
Ra-228+D 1.06E+00 pCi/g 
Th-228 1.06E+00 pCi/g 
Th-230 1.55E+00 pCi/g 
Th-232 1.06E+00 pCi/g 
Total Uranium  7.71E+00 pCi/g 
Lithium 2.87E+01 mg/kg 
Molybdenum 9.45E+00 mg/kg 
TPH-DRO 5.17E+02 mg/kg 

COI  Surface Water 
Total Uranium  1.50E-03 mg/L 
TPH-DRO 2.00E-01 mg/L 

Groundwater 
COI  Total Dissolved 

Ac-227 1.16E-01 pCi/L 1.23E-01 pCi/L 
Cs-137 0.00E+00 pCi/L 0.00E+00 pCi/L 
Pa-231 1.16E-01 pCi/L 1.23E-01 pCi/L 
Pb-210+D 1.50E+00 pCi/L 7.76E-01 pCi/L 
Ra-226+D 1.50E+00 pCi/L 7.76E-01 pCi/L 
Ra-228+D 2.78E+00 pCi/L  1.58E+00 pCi/L 
Th-228 3.57 E+00 pCi/L 3.90E-01 pCi/L 
Th-230 4.20E-01 pCi/L 7.21E-01 pCi/L 
Th-232 5.70E-02 pCi/L 0.00E+00 pCi/L 
Total Uranium  6.84E-03 mg/L  6.70E-03 mg/L 
Lithium 3.42E-02 mg/L 3.36E-02 mg/L 
Molybdenum 1.78E-02 mg/L 1.79E-02 mg/L 
TPH-DRO 2.20E-01 mg/L NA 

 
9.1.2.8   Buildings 
 
The following activities were conducted during the RI to define the nature and extent of COIs on and within 
building surfaces and materials: 
 
• Volumetric building material sampling; 
• Surface beta (area) scans to identify the potential for isolated areas of contamination;  
• Measurements of total alpha and beta surface activity at systematic grid locations, scan follow-up 

locations, duplicate locations, and discretionary locations;  
• Measurements of removable alpha and beta surface activity; and 
• Measurements of external gamma dose rate. 
 
Results from these activities are presented by building IA below.  With the exception of Building G-1, no 
alpha results exceeded 20% of the total or removable surface screening level.  When an alpha result in excess 
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of the screening level is identified in Building G-1, beta activity is always at least an order of magnitude 
higher. 
 
IA01 - Building G-1 
 
Based on volumetric building material sampling and radiation surveys conducted at Building G-1, it was 
found to be contaminated.  Volumetric samples collected from materials such as dust, sediment, roofing 
material, and concrete floors at all but one of the interior and exterior building locations were above the total 
uranium screening level of 13 pCi/g (generally based on the NUREG-1757 dose rate of 25 mrems/year). 
 
Interior and exterior radiation surveys identified widespread areas of fixed surface beta activity in excess of 
the surface screening level (5,000 disintegrations per minute [dpm]/100cm2, from Nuclear Regulatory 
Commission (NRC) Regulatory Guide 1.86) at Building G-1.  Elevated activity was identified over many 
areas of the roof and brick exterior.  However, all removable beta activity measurement results were below 
the removable screening level (1,000 dpm/100cm2, from NRC Regulatory Guide 1.86). 
 
Dose rates ranged from 6 to 12 µrem/hr for the exterior, and 9 to 50 microrems/hour (µrem/hr) for the 
interior. 
 
IA02 - Other Existing Buildings 
 
Boiler House 
 
The Boiler House accessible interior floor, accessible interior walls, exterior walls, windowsills, roof, and 
discretionary locations were surveyed.  Isolated locations of surface beta activity in excess of the screening 
level were identified on the north and east exterior walls and the windowsills.  On the north wall, total beta 
activity fixed measurements exceeding the screening level represent an area less than 20 m2 (7.4% of the 
north exterior brick wall, with a maximum of 17,795 dpm/100 cm2).  Exterior wall grid total beta activity in 
excess of the surface screening level was identified at 0.9% of the east exterior brick wall, with a maximum 
of 13,319 dpm/100 cm2.  Total beta activity in excess of the surface screening level was identified on 16 of 
the 17 Boiler House windowsills.  The survey identified a maximum beta activity of 42,381 dpm/100 cm2.  
All other locations, including the interior of the structure, were below alpha and beta fixed and removable 
surface screening levels.   
 
Dose rates ranged from 5 to 15 µrem/hr. 
 
Foundry 
 
The radiation survey for the Foundry addressed the exterior walls, windowsills, roof, and discretionary 
locations.  In summary, all results were below the surface screening levels, with the exception of isolated 
areas of fixed surface beta activity on windowsills, the east wall, and the concrete caps over the northeast 
wall.  On the Foundry walls, activity in excess of the total beta surface screening level was only identified on 
the east side facing the Warehouse.  Phase I and Phase II field activities identified areas of elevated total beta 
activity on 11% of the east exterior brick wall, with a maximum of 641,742 dpm/100 cm2.  Surveys of the 
Foundry windowsills identified a maximum total beta activity of 800,613 dpm/100 cm2 on the east wall 
windowsills.   
 
Roof measurements identified a maximum total beta activity of 12,826 dpm/100 cm2, while a maximum total 
beta activity of 69,457 dpm/100 cm2 was identified on the wall caps.  Two of the four volumetric roofing 
material samples collected at the Foundry were above the screening level of 13 pCi/g (generally based on the 
NUREG-1757 dose rate of 25 mrem/year). 
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Dose rates ranged from 8 to 12 µrem/hr. 
 
Warehouse 
 
The radiation survey for the Warehouse addressed the exterior walls, windowsills, roof, and labs/offices.  In 
summary, the exterior results are below surface screening levels, with the exception of isolated areas of fixed 
surface beta activity on a windowsill, a roof location, and an exhaust vent.  All other survey locations were 
below surface screening levels. 
 
On the Warehouse roof, all surface measurements were below surface screening levels with the exception of 
one location on the north side of the roof (fixed-point total beta measurement of 5,867 dpm/100 cm2).  Of the 
twelve Warehouse roof sample locations, six exceeded the volumetric screening level of 13 pCi/g. 
 
Phase I and Phase II field activities identified areas of elevated total beta radiation activity on 0.04% of the 
warehouse roof vents, with a maximum of 64,271 dpm/100 cm2. 
 
Dose rates ranged from 5 to 18 µrem/hr. 
 
Garage 
 
The radiation survey for the Garage addressed the exterior walls, windowsills, and roof.  In summary, all 
except one small area on the west exterior wall are below the surface screening level.  Phase I and Phase II 
field activities identified areas of elevated total beta activity on 0.2% of the west exterior brick wall, with a 
maximum of 7,820 dpm/100 cm2. 
 
The Garage is currently used as a Radioactive Material Storage Area (RMSA) for Warehouse roof materials.  
Although the NRC has released the interior of the Garage, an assessment should be performed for the interior 
of the garage when the radioactive materials (RAMs) are removed.  This verification survey could be 
performed during the final status survey of the remaining buildings. 
 
Dose rates ranged from 10 to 15 µrem/hr. 
 
Scale House 
 
The radiation survey for the Scale House addressed the walls, floors, and roof.  Previous survey results 
indicated the building was not impacted, so only a limited confirmation survey was conducted.  No results 
exceeding the surface screening levels were identified on or in the Scale House, confirming previous survey 
results. 
 
9.1.2.9   Soil 
 
Soil characterization efforts to define the nature and extent of COIs in the on-site soil IAs (IA03 to IA07) 
consisted of the following activities: 
 
• Geophysical surveys; 
• Gamma walkover surveys; and 
• Soil sampling. 
 
The nature and extent of Significant constituents of potential concern (COPCs) is discussed by IA below.  
Because total uranium was the driver of the observational approach, the summaries below focus on the extent 
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of total uranium, based on the field observational screening level of 30 pCi/g.  Other Significant COPCs are 
generally collocated with total uranium. 
 
IA03 (Soil in Vicinity of Building G-1) 
 
Soil characterization efforts in IA03 identified three main areas of elevated radiological COIs: 
 
• Area north of Building G-1 and north of the CSX railroad; 
• Area north of Building G-1 and south of the CSX railroad; and 
• Area in the vicinity of and beneath Building G-1. 
 
Based on the results of the BRA, the following seven constituents were identified as Significant COPCs for 
IA03 soil: 
 
• Total uranium; 
• Thorium-230; 
• Thorium-232; 
• Radium-228;  
• Lead-210; 
• Radium-226; and 
• Lithium. 
 
The two areas north of Building G-1 are associated with the transport and disposal of waste materials and 
debris by way of a paved driveway leading from the building to the area north of the CSX railroad.  The first 
area north of the CSX railroad is characterized by elevated gamma walkover survey results, fill material, and 
elevated total uranium results.  The fill material was generally identified at depths from 1 to 3 ft bgs and 
consists of varying amounts of debris including brick and concrete fragments, slag, and tar.  The nature and 
composition of the sample material indicates total uranium in this area is present as a result of fill 
emplacement activities conducted during site development.   
 
The second area, north of Building G-1 but south of the CSX railroad, is also characterized by elevated 
gamma walkover survey results, fill material, and elevated total uranium results.  This area is associated with 
a paved driveway leading out of the Building G-1 fenced perimeter north across the CSX railroad tracks.  
This driveway is present on historical aerial photographs, and is thought to have served as a pathway for the 
transport of plant process materials to or from railroad cars, or to the first area described above for storage or 
disposal. 
 
The area underneath and around Building G-1 is the third main area of elevated radiological COIs in IA03.  
Results from gamma walkover surveys conducted around the building perimeter, and soil sample results 
from soil borings installed through the building floor indicate radiological contamination in both natural 
(gravel and sand) and fill material under and around the building.  Soil and building material sampling 
conducted around and inside the northeast corner of Building G-1 identified significantly elevated total 
uranium in soil and visible yellowcake material within the concrete floor core samples. 
 
Although the BRA identified lithium as posing an unacceptable risk in soil, only one receptor is affected 
(subsistence farmer child) and the associated PRG (21,000 micrograms/kilogram [µg/kg]) is less than the 
calculated background value (31,700 µg/kg).  Also, although the lateral distribution of soil samples with 
lithium results greater than background appears focused on Building G-1, the vertical distribution in these 
samples may not be consistent with an operational source in Building G-1 (see Sheet 27).  Lithium sample 
results around Building G-1 display a discernable trend of increasing concentration with depth, suggesting 
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the elevated concentrations may be associated with the composition of native soil or weathered bedrock.  
This potential is further supported by an apparent close correlation between elevated lithium soil results and 
shallow bedrock surface elevations at the site (see Figure 2-7). 
 
IA04 (Northside Complex Soil) 
 
Two main areas of contamination from radiological COIs identified in IA04 were as follows: 
 
• Localized area located between the Warehouse and Foundry; and 
• General area in the northeast portion of IA04 near the Cuyahoga River west bank. 
 
Based on the results of the BRA, the following six constituents were identified as Significant COPCs for 
IA04 soil: 
 
• Total uranium; 
• Thorium-230;  
• Thorium-232; 
• Lead-210; 
• Radium-226; and 
• Lithium. 
 
The first area is located between the Warehouse and Foundry, where elevated gamma walkover survey 
results and one soil boring indicated elevated levels of radiological COIs in one localized area to a depth of 2 
ft bgs.  The second area is generally located in the northeast corner of IA04, adjacent to the Cuyahoga River 
bank.  This area is composed of fill material (i.e., glass, brick, wood, concrete fragments) with elevated 
levels of total uranium to a depth of 20 ft bgs in one soil boring.  Elevated levels of radiological COIs were 
also identified in surface soil in this area, with the highest levels located between the fence and the CSX 
railroad.   
 
In Phase III, two samples were collected from both of the two trenches excavated near possible underground 
infrastructure identified in IA04 by geophysical investigation during the RI.  No sewer lines, sump, UST, or 
voids were observed but concrete, crystalline material, and steel beams were encountered.  Sample results 
from the soil in this area do not indicate high levels of contamination due to leaking from potential buried 
infrastructure or the placement of contaminated backfill. 
 
Similar to IA03 discussed previously, although the BRA identified lithium as posing an unacceptable risk in 
soil, only one receptor is affected (subsistence farmer child) and the associated preliminary remediation goal 
(PRG) (21,000 µg/kg) is less than the calculated background value (31,700 µg/kg).  Only two lithium sample 
results greater than background are present in IA04 (located east of the Boiler House).  The vertical 
distribution in these samples is consistent with the apparent trend noted within IA03 (increasing 
concentration with depth), suggesting the elevated concentrations may be associated with the composition of 
native soil or weathered bedrock.  The locations of the two elevated samples are contained within the 580 ft 
amsl contour shown on Figure 2-7 and appear consistent with the apparent close correlation between elevated 
lithium soil results and shallow bedrock surface elevations at the site in the vicinity of Building G-1. 
 
IA05 (Southside Complex Soil) 
 
Three main areas of radiological COI contamination were identified in IA05: 
 
• Localized area in southern portion of IA05; 
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• Localized area in the center of IA05; and 
• Area in the northeast portion of IA05 near the Cuyahoga River west bank. 
 
Based on the results of the BRA, the following eight constituents were identified as Significant COPCs for 
IA05 soil: 
 
• Total uranium; 
• Thorium-232; 
• Thorium-230; 
• Thorium-228; 
• Radium-228;  
• Lead-210; 
• Radium-226; and 
• Lithium. 
 
All three areas are characterized by elevated gamma walkover survey results and elevated levels of 
radiological COIs in soil samples.  The first area is located in the southern portion of the IA where soil 
sampling results to a depth of 16.8 ft bgs indicate radiological COI (total uranium) contamination, mainly 
associated with fill material.  The second area is located in the center of the IA.  Data from one soil boring 
are indicative of elevated radiological COIs.  The third area is located in the northeast portion of the IA along 
the Cuyahoga River bank.  Based on historical data, this area was investigated during the RI in an attempt to 
identify the presence of residual yellowcake material associated with a previous remedial activity.  Although 
sample results indicated elevated levels of total uranium, no yellowcake material was encountered in this 
area.  Sample collection from directly within the former remedial excavation was impeded due to debris in 
the excavation backfill soil. 
 
Although the BRA identified lithium as posing an unacceptable risk in soil, only one receptor is affected 
(subsistence farmer child) and the associated PRG (21,000 µg/kg) is less than the calculated background 
value (31,700 µg/kg).  Only three lithium sample results greater than background are present in IA05.  While 
the vertical distribution in these samples is inconsistent and does not suggest any apparent trend regarding 
sample depth, shallow bedrock is not present within the main portion of IA05 (see Figure 2-7).  The 
inconsistent relationship between lithium concentrations and sample depths may be due to the presence of 
significant amounts of fill in IA05. 
 
IA06 (Eastside Soil) 
 
Potential contamination from radiological COIs in IA06 appears to be limited to a localized area in the south-
central portion of the IA.  During initial sampling, only one soil sample exceeded the total uranium screening 
level.  In Phase III, a gridded soil sampling approach was applied to IA06 to address thorium data gaps, and 
to determine the suitability of potential close-out of the area.  The gridded sampling approach was designed 
for this portion of the site to provide data for determination of the suitability of the area for close-out. 
 
All three samples with exceedances of the RI total uranium screening level of 30 pCi/g were vertically 
bounded by samples below with total uranium below the screening level.  The general location of these 
samples in the south-central portion of the IA is near the localized zone described in the RI Report as 
potentially impacted by past fill placement activities.  Soil boring logs for these locations indicated mostly 
clay/silt with some gravelly sand or rock and brick/concrete debris.  
 

Former Harshaw Chemical Site Page 9-12 
Remedial Investigation Report 
Revision 1  
December 2009 



 

The highest levels of thorium-230 were found to be collocated with total uranium above the screening level.  
Radium-228, thorium-228, and thorium-232, were also detected in IA06 soil samples, but were not identified 
as Significant COPCs. No apparent trends in spatial distribution exist for any IA06 COIs. 
 
A black layer with a slight hydrocarbon odor was observed in approximately five of the soil borings 
completed in IA06, generally from 8-10 ft bgs.  The material, observed in the central portion of the IA and in 
one boring in the northeast corner, is similar to that observed in the IA08 river sediment samples, and may be 
indicative of a historical oil spill in the area or in the Cuyahoga River. 
 
Based on the results of the BRA, the following four compounds were identified as Significant COPCs for 
IA06 soil: 
 
• Total uranium; 
• Thorium-230;  
• Lead-210; and  
• Radium-226. 
 
There were no MED-related chemical Significant COPCs identified for IA06 soil. 
 
IA07 (Westside Soil) 
 
Soil characterization efforts identified one main area of radiological COI contamination in IA07.  This area is 
located in the southern portion of the IA adjacent to the Milan Trucking Company property, where evidence 
of yellowcake material was found in association with building debris and previously identified radiological 
COI surface soil contamination was confirmed.  Gamma walkover survey and soil sampling results indicate 
contamination is not present as a widespread continuous layer in this area but apparently was scattered 
during fill emplacement/disposal activities, potentially throughout the fill material in this entire area.   
 
The close proximity of these sample locations to the predominately paved Milan Trucking Company 
property further suggests that defining the extent of these yellowcake covered fill materials may not be 
possible under current site conditions as soil boring installations through pavement would only provide very 
small detail of a much larger area.  These site factors and the nature of the buried fill material introduce 
uncertainty regarding the extent of contaminated soil and/or fill material throughout a relatively large portion 
of IA07. 
 
Based on the results of the BRA, the following seven constituents were identified as Significant COPCs for 
IA07 soil: 
 
• Total uranium; 
• Thorium-232; 
• Thorium-230; 
• Thorium-228; 
• Radium-228; 
• Lead-210; and 
• Radium-226. 
 
There were no MED-related chemical Significant COPCs identified for IA07 soil. 
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Historical Pit/Pond Soil 
 
In Phase III, ten soil borings were completed in IA03 and IA04 within the footprints of a historical pit and 
evaporation/retention pond identified in historical information.  No elevated results were measured within the 
footprint of the historical pond in IA04, suggesting no impact from the retention pond that may have been 
located in this area in the past.   
 
In the area of the historical pit just north of Building G-1, several samples exceeded the RI total uranium 
screening level of 30 pCi/g.  These samples were collected from black fill material containing fragments of 
brick, rock, or slag.  Samples with elevated total uranium results were bound vertically with samples below 
that were not elevated.  Uranium sample results indicate soil in the area up to a depth of 6 ft bgs may be 
contaminated due to the past presence of a waste pit in the area.  Although the presence of black material at 
deeper depths than was observed in other RI soil borings completed near this area indicates there may have 
been a pit or hole in this area, total uranium values from the soil borings completed during third phase of the 
RI are consistent with total uranium measured in this material from other RI soil borings in the area. 
 
Elevated levels of thorium-230 and radium-226 (relative to other samples) were measured at the boring with 
the maximum level of total uranium.  The samples collected in this area are bound laterally by Building G-1 
and by other RI soil borings. 
 
Targeted Concrete Slabs 
 
In Phase III, ten soil samples were collected from the soil beneath targeted concrete slabs in IA03, IA04, and 
IA05.  Results for these samples are discussed by constituents below.  In summary, only two samples 
exceeded the RI screening level of 30 pCi/g of total uranium (one sample was collected from IA04 and one 
from IA05).  The maximum value of 176.11 pCi/g was measured at IA05-SB0060 (from 0-2 ft below the 
concrete).  The material sampled consisted of black slag and fill material with some silt.  This type of fill 
material was also encountered at some of the other locations under concrete slabs.  No elevated results were 
measured for thorium-230, radium-226, or radium-228.  
 
9.1.2.10   Sediment and Surface Water 
 
The following sections summarize the nature and extent of COIs in sediment and surface water in IA08 and 
IA09. 
 
IA08 (Sediment and Surface Water in the Cuyahoga River and Big Creek) 
 
Twelve collocated sediment and surface water samples were collected for analysis of radiological and 
chemical COIs from locations in the Cuyahoga River and Big Creek adjacent to the Former Harshaw 
Chemical Site.  Although no Significant COPCs were identified in the RI BRA for sediment or surface water 
based on the results of the sampling, one sediment sample contained elevated total uranium (relative to the 
other IA08 sediment samples).  This sample location is in close proximity to the area of radiologically-
contaminated subsurface fill material in IA04 along the Cuyahoga River west bank. 
 
IA09 (Sewers and Drains) 
 
On-site sanitary and storm water sewers, drains, and outfalls were characterized through the following 
activities: 
 
• Sediment and surface water sampling from manholes; 
• Sediment sampling from material deposited below the sewer outfalls; 
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• Sampling of the backfilled material surrounding the sewer pipes; 
• Geophysical surveys to identify unknown or uncertain sewer locations; 
• Storm sewer junction southeast of Building G-1; and 
• North-south main sanitary sewer line traversing IA03/IA04. 
 
Radiological COIs identified within the sewer system near Building G-1 may have been transported and 
deposited by surface water runoff, the building floor drain system, or groundwater infiltration.  Similarly, the 
elevated levels of radiological COIs identified in the main sanitary sewer line running through IA03 is likely 
associated with infiltration of groundwater in the vicinity of Building G-1.  This conclusion is supported by 
documented evidence the sanitary sewer line is also impacted by non-MED/AEC related chemical 
constituents in groundwater in IA03.  In addition, records indicate that acidic liquid raffinate from the 
refinery in G-1, potentially containing uranium and thorium-230 residuals likely had been discharged to the 
on-site sewer system during production operations. Sampling of soils surrounding the storm sewer junction 
southeast of G-1 (location STM-TR1) contained total uranium and thorium-230 above screening levels. 
Unexpectedly, this location also produced an anomalously high detection of cesium-137. While cesium-137 
is a non-MED/AEC radionuclide, it was included in the BRA in the estimation of total risks under EU-8. 
 
In Phase III, two samples were collected from the soil and backfill material surrounding the storm sewer 
junction southeast of Building G-1 (location STM-TR1).  One of the two samples contained total uranium 
above the RI screening level of 30 pCi/g and thorium-230 and radium-226 above the most conservative 
background values.  The sample was collected from the saturated silt/clay material beneath the concrete pipe 
cradle (at 6 ft bgs).  The elevated results (total uranium at 72.71 pCi/g and thorium-230 at 15.80 pCi/g) 
suggest potential impact from the sewer line (i.e., through leaking) to the underlying soil, or from the 
placement of contaminated fill material during sewer line installation.  G-M screening in the field detected 
radioactivity in this material above background.  The sample collected from the sand backfill above the pipe 
contained total uranium below the screening level, indicating this portion of the backfill was not 
contaminated when it was placed over the pipe. 
 
A portion of the sanitary sewer line that traverses IA03 and IA04 was exposed through trenching in IA03.   
Four samples were collected from the material surrounding the sanitary sewer line.  Sample results from the 
soil surrounding the sanitary sewer line do not indicate high levels of contamination due to leaking from the 
pipe, or the placement of contaminated backfill. 
 
The occurrence of elevated total uranium in sewer line sediment introduces uncertainty regarding the extent 
of potentially contaminated media throughout the sewers and drains system at the site.  Because of the 
limited nature of the IA09 sampling due to underground utility clearances and limited site under-drain 
knowledge, it is unclear to what extent material (sediment and surface water) is able to move through the 
underground network of sewer lines.  Blockages may be present within these lines, impeding transport of 
total uranium impacted-media.  Access to sediment and surface water within these lines is only available at 
manhole and/or catch basin locations, and limits further investigative sampling.  Any additional efforts to 
characterize the nature and extent of contamination in the sewer lines may be conducted in support of an FS 
or potential future remedial actions, where potential impacts to site infrastructure may be better addressed. 
 
No MED-related Significant COPCs were identified in IA09. 
 
9.1.2.11   Groundwater (IA10) 
 
Groundwater characterization was performed through monitoring well, temporary piezometer, and temporary 
well point installation; groundwater level measurements; slug testing; and groundwater sampling. 
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The groundwater flow pattern across the majority of the site is in an eastward direction.  Potentiometry 
suggests that groundwater flows radially away from the bedrock high west of Buildings G-1 and the Boiler 
House in all directions, with limited flow towards the western or up-gradient portion of the site.  
Groundwater west of the divide flows generally west along a noticeably less steep gradient than east of the 
divide.  A distinct relationship appears to exist between surface water level/streamflow in the Cuyahoga 
River and Big Creek and groundwater levels/flow across the site.  Normal baseflow conditions, as derived 
from potentiometry, show the portion of IA04 adjacent to the Cuyahoga River conforms to the general west 
to east flow of groundwater across the site.  However, during high river flow events (flood stages), the near-
river flow direction is reversed due to bank storage effects.  Essentially river water infiltrates into the coarse-
grained fill and natural materials along the river bank, which appear to have significantly higher permeability 
than other surrounding native material (i.e., floodplain deposits below anthropogenic fill).  
 
Results of the slug testing produced hydraulic conductivity values for the screened interval material ranging 
from 0.13 feet/day (ft/day) (well DM-4) to a maximum of 151.9 ft/day (well DM-30R).  Most of the wells 
with the highest hydraulic conductivities are located in close proximity to the banks of the Cuyahoga River 
and/or Big Creek, where coarse-grained fill material and channel deposits dominate the saturated thickness.  
Both boring log and hydraulic conductivity data indicate the fill and natural material adjacent to the river and 
creek appears to be more permeable than native site soil to the west. 
 
The following constituents were identified as Significant COPCs for IA10 groundwater: 
 
• Total uranium (chemical);  
• Lithium; and 
• Thorium-230. 
 
Above-screening level chemical total uranium results in IA10 groundwater (Phase I and II) are concentrated 
both inside of and around Building G-1.  Source material processed in this building allowed for the 
transmission of the total uranium source into soil beneath and around Building G-1.  The subsurface bedrock 
ridge in this area allows for transport of these constituents to down-gradient areas of the site.  Levels of total 
uranium in groundwater generally decrease with increased distance from Building G-1.  Site wells that have 
exceeded the total uranium background level of 6.8 micrograms/liter (µg/L) (total or unfiltered fraction) 
during the RI sampling phases are BKA-48, RMW-38, DM15, DM27R, IA03-TW0002, IA03-TW0005, 
IA03-TW0006, IA04-TP0001, and IA10-MW0003. 
 
9.1.3  Groundwater Flow and Transport 
 
A numerical groundwater flow, particle tracking, and solute transport model of IA03, IA04, IA05, and a 
portion of IA07 was compiled by the U.S. Army Corps of Engineers-Buffalo District (USACE-Buffalo) to 
estimate near-term and future risks to groundwater from site contaminants. 
 
Model calibration was performed using the Parameter Estimating Software Tool (PEST) module of 
groundwater modeling system (GMS) and manual methods where needed to create a best representation of 
the site hydrogeology and meet calibration targets.  The calibrated, steady-state condition was used as the 
basis for the transient-state particle-tracking and contaminant transport models that were used to predict flow 
pathways and contaminant fate.  The pathway analysis indicates that the sewer-line groundwater extraction 
system is a sink for up-gradient and on-site groundwater west of G-1, whereas the Cuyahoga River is the 
primary groundwater sink in the balance of the model.  The sewer-line sink influences the western site area 
and the western half of the G-1 area; the Cuyahoga River and Big Creek receive groundwater from the 
balance of the site.  The particle tracking also shows that groundwater travel times vary throughout the site, 
and generally require about 5 years to flow advectively from the G-1 area to the surface waters. 
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The contaminant transport analyses indicate that the plume near G-1 is migrating towards the Cuyahoga 
River within the performance period; the plume may not impact the river with above-background uranium 
concentrations for approximately 900 years.  The assumed continued operation of the sewer-line extraction 
system for nickel mitigation and site-specific soil partitioning of uranium together slow uranium migration 
from the G-1 area.  The model also includes uranium inputs from soil-contaminant leaching to the already 
high concentrations in groundwater near G-1, which allows the plumes to persist beyond the 1,000-year 
performance period, and consequently indicates the need for source-term control to prevent probable riverine 
contamination. 
 
9.1.4  Baseline Risk Assessment 
 
The BRA was conducted to provide an analysis of the risks to human health and the environment associated 
with past MED/AEC activities at the site.  The BRA consists of three components: 
 
• Human health risk assessment (HHRA): An evaluation of the risks to human health from radioactive and 

chemical constituents remaining in environmental media at the site; 
• Building HHRA: An evaluation of the human health risks associated with exposures to radiological 

contamination remaining with the buildings at the site; and 
• Screening level ecological risk assessment (SLERA): An evaluation of the risks to ecological receptors 

from contamination in environmental media.   
 
The sections below give a brief summary of how the results of the BRA compare to different benchmarks 
that indicate whether or not the risks and doses are acceptable (i.e., whether or not further action is warranted 
within each of the EUs, for different land-use scenarios).  These benchmarks are: 
 
• The upper range of acceptable incremental lifetime cancer risks (1 in 10,000 or 1E-04), as indicated in 

the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) (USEPA 1990);  
• The threshold hazard quotient of one for a chemical which causes non-cancer toxicity; and 
• The annual dose rate suitable for unrestricted release (25 mrem/year) following decommissioning of a 

United States Nuclear Regulatory Commission licensed site, as specified in Subpart E of 10 CFR 20.   
 
Risks and doses were calculated for both the reasonable maximum exposure (RME) as well as the central 
tendency exposure (CTE) for both current conditions and 1,000 years in the future.  The maximum risks and 
doses over this time period, for both amounts of exposure are summarized here.  Tables 8-57 and 8-58 
present this information in tabular form.  
 
Every risk assessment must make assumptions in order to be completed, and these assumptions always 
introduce uncertainties.  There are uncertainties associated with every step of the risk assessment process.  
Uncertainties associated with the nature of MED/AEC-related contamination could affect the RI BRA by 
indicating that somewhat higher or lower risks may be evident in different EUs.  However, the assumptions 
used in the BRA are generally very conservative in nature, and tend to overestimate the actual risk posed by 
environmental contaminants.  Therefore, the overall conclusions of the RI BRA are not likely to change 
significantly during future characterization efforts.  The RI BRA assumed that the uranium isotopic ratios 
present at the Former Harshaw Chemical Site were comparable to those found in natural uranium.  That is, 
the site did not process a significant amount of (slightly) enriched uranium, and that depleted uranium that 
was processed was only slightly depleted in uranium-234 and uranium-235 relative to uranium-238.  This 
assumption has been confirmed by the isotopic uranium data collected during the RI field investigations.  
While historical records indicate that a relatively tiny amount of slightly enriched uranium was processed at 
the HCC, the amount processed is not sufficient to significantly alter the isotopic uranium ratios assumed in 
the BRA.  Records do show, however, and sampling confirms, that a substantial amount of slightly depleted 
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uranium was processed at the HCC. Because the degree of depletion was so slight and effect of assuming 
natural ratios is conservative with respect to risk, the PRGs for total uranium developed during the RI BRA 
are still appropriate. 
 
9.1.4.1   HHRA for Environmental Media 
 
Specific objectives of the HHRA were as follows: 
 
• Estimate potential human health risks associated with exposures to constituents of concern (COCs) at the 

site if no remedial action occurs, which can be used in potential future remedial activities or a feasibility 
study (FS) to evaluate risk reduction for the various remedial action alternatives. 

• Identify locations that pose no unacceptable risks to human health, and thus require no further action. 
• Develop a list of the COCs at the site that contribute significantly to unacceptable risks to human health. 
• Develop risk-based concentrations for the COCs to provide a basis of PRGs for use in the evaluation of 

remedial action in a FS.  This will focus future remedy selection on COCs that are the significant 
contributors to human health risks. 

 
For the purpose of estimating risks, the site was divided into separate EUs.  The EUs represent areas over 
which a receptor is likely to average his or her exposure.  The results for these environmental media EUs are 
discussed below.   
 
The terms “surface soil” and “total soil” refer to the data used to calculate the exposure point concentrations 
(EPCs) in soil in this assessment.  Surface soil refers to contaminant data collected in the top 2 ft of soil, and 
total soil refers to contaminant data collected through the entire length of the soil profile, generally down to a 
depth of 13 ft bgs (4 m).  
 
The HHRA evaluated the risk to human receptor populations that were reasonably anticipated to be exposed 
to site-related constituents.  Both current and potential future land use scenarios were evaluated.  The 
following receptors were evaluated as part of the HHRA: 
 
• Maintenance worker (current); 
• Trespasser/recreational user (current/future) adult and adolescent; 
• Industrial worker (future); 
• Construction worker (future); 
• Resident (future) adult and child; and 
• Subsistence farmer (future) adult and child. 
 
The exposure pathways evaluated varied for each of the receptors consistent with the likely means of 
exposure and included one or more of the following: 
 
• Inhalation; 
• Incidental ingestion of soil, sediment, and surface water; 
• External gamma exposure; 
• Ingestion of game fish (trespasser/recreational user, resident, subsistence farmer); 
• Ingestion of groundwater (subsistence farmer); 
• Ingestion of home-grown produce (resident and subsistence farmer); and 
• Ingestion of home-grown milk and meat (subsistence farmer). 
 
The following is a summary of significant radiological and formerly utilized sites remedial action program 
(FUSRAP)-related chemical risks estimated in the BRA. 
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EU 1 - Surface and Total Soil Beneath Building G-1 and Surrounding Surface and Total Soil (IA03) 
 
For the RME, radiological cancer risks are at or above 1E-04 for the maintenance and industrial workers, 
resident, and farmer in EU 1 (Table 8-57).  Risks for the industrial worker only exceed 1E-04 at the end of 
the evaluation period (i.e., at 1,000 years).  The risk maximizes at year 1,000 for all receptors due to the 
ingrowth of radium-226 from thorium-230.  Uranium also contributes significantly to risk in this EU.   
 
For the RME, annual dose rates are above 25 mrem/year for the maintenance worker and resident, but only at 
the end of the evaluation period (year 1,000) (Table 8-57).  The subsistence farmer is estimated to receive 
doses above 25 mrem/year during the later part of the evaluation period (from 185 years through 1,000 
years).  For all other users, the annual dose rates are below 25 mrem/year.   
 
In the 0 - 13 ft soil interval, the hazard indices for both lithium and kerosene were at 1 (the acceptable limit) 
for the most intensive exposure scenario evaluated, that of the child subsistence farmer.  These 2 FUSRAP 
COIs are therefore identified as significant COPCs for this scenario only.  Elevated concentrations of these 
constituents appear to be co-located with elevated uranium concentrations in this EU. 
 
The CTE was only quantified for the subsistence farmer.  The CTE cancer risks exceed 1E-04 for the 
subsistence farmer throughout the evaluation period (Table 8-57).  The CTE annual dose rate does not 
exceed 25 mrem/year at time 0, but it does exceed 25 mrem/year at later times in the evaluation period (i.e., 
at years 185 and 1,000), due to uranium concentrations peaking in groundwater (at year 185) and ingrowth of 
radium-226 from thorium-230 at year 1,000 (Table 8-57).   
 
EU 2 – Northside Complex Surface and Total Soil (IA04) 
 
For the RME, radiological cancer risks are above 1E-04 only for the maintenance worker, and the resident 
and farmer (Table 8-57).  Risks for all other receptors are below 1E-04 in this EU.  Risks for the maintenance 
worker only exceed 1E-04 at the beginning of the evaluation period (i.e., at year 0).  Uranium and thorium-
230 are the main risk drivers in this EU. 
 
For the RME, the only receptor with annual dose rates above 25 mrem/year is the subsistence farmer (Table 
8-57).  For all other receptors, the annual dose rates are below 25 mrem/year.    
 
No FUSRAP chemical COI had a hazard index above the acceptable risk threshold in this EU. 
 
The CTE was only quantified for the subsistence farmer.  The CTE cancer risks exceed 1E-04 for the 
subsistence farmer at all times evaluated within 1,000 years (Table 8-57).  The CTE annual dose rate does 
not exceed 25 mrem/year at time 0, but it does exceed 25 mrem/year at intermediate times in the evaluation 
period (i.e., at years 185 and 335), due to uranium and neptunium-237 concentrations peaking in 
groundwater (at years 185 and 335, respectively), according to residual radioactivity computer code 
(RESRAD) groundwater modeling results.   
 
EU 3 – Southside Complex Surface and Total Soil (IA05) 
 
For the RME, radiological cancer risks are at or above 1E-04 only for the maintenance and industrial 
workers, resident, and farmer in EU 3 (Table 8-57).   Total risks remain fairly constant throughout the 1,000 
year evaluation period, due to contributions from radium-226, thorium-232 (and daughters), thorium-230, 
and total uranium. 
 
For the RME, annual dose rates are above 25 mrem/year only for the subsistence farmer receptor, and only 
for the later years in the evaluation period (185, 335, and 1,000) (Table 8-57). 
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In the 0 - 13 foot soil interval, the hazard index for lithium is at 1 (the acceptable limit) for the most intensive 
exposure scenario evaluated, that of the child subsistence farmer.  Elevated concentrations of lithium appear 
to be co-located with elevated uranium concentrations in EU 3. 
 
The CTE was quantified only for the subsistence farmer.  The CTE cancer risks exceed 1E-04 for the 
subsistence farmer at all times evaluated within 1,000 years (Table 8-57).  The CTE annual dose rate does 
not exceed 25 mrem/year at time 0, but it does exceed 25 mrem/year at later times in the evaluation period 
(i.e., at years 185, 335, and 1,000), due to uranium concentrations peaking in groundwater (at year 185) and 
radium-226 ingrowth from thorium-230 (at year 1,000) (Table 8-57).   
 
EU 4 – Eastside Surface and Total Soil (IA06) 
 
In EU 4, there is very little radioactivity above background concentrations, and kerosene was the only 
FUSRAP chemical COI identified as being slightly elevated relative to the natural background concentration 
in this EU.  For the RME, radiological cancer risks are below 1E-04 for all scenarios except for the resident 
and subsistence farmer in EU 4 (Table 8-57).  For these two receptors, the risk maximizes at year 185, when 
uranium concentration peaks in groundwater (according to the RESRAD calculations), and the receptors are 
exposed to uranium mainly via irrigation of produce (resident) or direct ingestion of drinking water 
(subsistence farmer). 
 
No FUSRAP chemical COI had a hazard index above the acceptable risk threshold in this EU. 
 
For the RME, for all scenarios, the annual dose rate is below 25 mrem/year at all times evaluated within 
1,000 years (Table 8-57).      
 
The CTE was only quantified for the subsistence farmer.  The CTE cancer risk equals 1E-04 only at 185 
years in EU 4 (Table 8-57).  This risk estimate assumes that the farmer is using site groundwater for a source 
of drinking water.  However, as the Cuyahoga River is a local sink for site groundwater (see Section 7), it is 
unlikely that groundwater beneath EU 4 is contaminated with uranium.  If the drinking water pathway is not 
considered in the EU 4 risk assessment, then the total risk for the farmer in EU 4 would fall below the cancer 
risk range. The CTE annual dose rate does not exceed 25 mrem/year at any time in EU 4 (Table 8-57).   
 
EU 5 – Westside Surface and Total Soil (IA07) 
 
For the RME, radiological cancer risks are at or above 1E-04 only for the maintenance and industrial 
workers, resident, and farmer in EU 5 (Table 8-57).   Total risks remain fairly constant throughout the 1,000 
year evaluation period, due to contributions from thorium-232 (and daughters), as well as radium-226, 
thorium-230, and total uranium. 
 
For the RME, annual dose rates are above 25 mrem/year only for the subsistence farmer receptor, and only 
for the later years in the evaluation period (185, 335, and 1,000) (Table 8-57). 
 
No FUSRAP chemical COI had a hazard index above the acceptable risk threshold in this EU. 
 
The CTE was quantified only for the subsistence farmer.  The CTE cancer risks exceed 1E-04 for the 
subsistence farmer throughout the evaluation period.  The CTE annual dose rate only exceeds 25 mrem/year 
at the time of 185 years, when uranium concentration peaks in the groundwater (Table 8-57).   
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EU 6 – Sediment and Surface Water in the Cuyahoga River and Big Creek Stretches Adjacent to Site 
(IA08) 
 
The only human receptors that were evaluated in this EU (sediment and surface water in Big Creek and 
Cuyahoga River) were the trespasser/recreational users, construction worker, resident, and the subsistence 
farmer.  The exposure to surface water and sediments is not as extensive as it is to soil for these receptors.  
For the RME and CTE, radiological cancer risks are below 1E-04 for all receptors (Table 8-57).  The RME 
and CTE doses for all receptors evaluated are below 25 mrem/year in this EU.   No FUSRAP chemical COI 
had a hazard index above the acceptable risk threshold in this EU. 
 
EU 7 – Groundwater within the Unconsolidated Aquifer, North of Big Creek/West of the Cuyahoga River 
(IA10) 
 
The only human receptors assumed to have direct exposure to site-wide groundwater (EU 7) were the 
construction worker and subsistence farmer.  Incidental exposure to the construction worker resulted in RME 
risks and doses below 1E-04 and 25 mrem/year, respectively (Table 8-57).  However, RME risks to the 
subsistence farmer, who was assumed to use the groundwater as a source of drinking water, were above 1E-
04.  Both lithium and uranium had hazard indices above 1 when groundwater was evaluated as a source of 
drinking water to a hypothetical farming receptor.  RME doses to the subsistence farmer were above 25 
mrem/year, mainly due to the presence of uranium in the groundwater.    
 
EU 8 – Sewers and Drains 
 
The future construction worker is the only receptor that is assumed to have exposure to media in and around 
sewers and drains (EU 8).  The maximum incremental lifetime cancer risk (ILCR) for the construction 
worker in EU 8 is 4E-5 (year 0), within the U.S. Environmental Protection Agency (USEPA)’s acceptable 
cancer risk range (Table 8-57).  In EU 8, the main COPC contributing to risk is Cs-137.  Exposure to the 
underground utilities results in an annual dose rate of 57 mrem/year at the beginning of the evaluation period.  
This is the only EU in which the annual dose rate exceeds the benchmark of 25 mrem/year at the beginning 
of the evaluation period.  This is mainly due to the presence of cesium-137 in the soil beneath the utilities 
coming out of Building G-1.   
 
9.1.4.2   HHRA for Building Media 
 
A separate assessment of the human health risks associated with exposures to the radioactive contamination 
on the applicable existing building surfaces was performed to allow direct use of the measured data generally 
reported in units of disintegrations per minute per 100 cm2 (dpm/100 cm2).  The radiological contaminants in 
the buildings are expected to be the same as in environmental media, that is, principally isotopes of uranium 
and thorium and their resultant decay products.  Most of the data collected for the buildings consist of non-
radionuclide-specific measurements collected using scanning instruments, and generally consist of:   
 
• Total beta activity; 
• Removable beta activity; 
• Total alpha activity; 
• Removable alpha activity; and 
• External gamma dose rate. 
 
Alpha activity is often difficult to measure because thin layers of dust and moisture can act as an effective 
shield, thus precluding measurement.  Beta radiation is more penetrating and can typically be measured 
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through dust and moisture and even thin layers of paint.  The beta radiation measurements are thus 
considered much more reliable than the alpha radiation measurements, and were used in this assessment. 
 
The results of these volumetric samples were used to develop relative activity ratios.  These ratios were used 
in conjunction with the surface scan measurements to estimate the concentration of the individual 
radionuclides associated with the individual scan measurements.  Since the beta radiation measurements are 
considered to be more representative of the contamination remaining in the buildings than the alpha radiation 
measurements, the assessment was limited to use of the beta radiation scanning results.  In addition, since the 
primary contaminant in the buildings (uranium) has associated beta radiation through its short-lived decay 
products, this is a reasonable approach for performing this risk assessment using these available data.  From 
the volumetric data, it was determined that nearly 96% of the beta particles were associated with uranium-
238 and its two short-lived decay products. 
 
The three receptors considered in this assessment were an industrial worker, a construction worker, and a 
maintenance worker.  These same three types of receptors were also included in the HHRA for 
environmental media, but this assessment assumed that the exposures of these workers are limited to the 
contamination in the buildings, including the roofs and other external surfaces.  It is also assumed that use of 
these buildings is limited to industrial activities, so that it is not necessary to address residential or 
recreational exposures.  This assessment is limited to current conditions and does not consider future risks as 
was done for the HHRA using the RESRAD computer code.  While the receptors addressed for the buildings 
are considered to be different individuals than those addressed in the HHRA, the results for these two 
assessments could be apportioned based on the relative time spent at each of these two areas and then added 
in order to consider the cumulative worker risk and radiation dose for exposure to both environmental media 
and building contamination. 
 
The analysis addressed intakes from inhalation, ingestion, and external gamma irradiation.  The results of 
these calculations were presented in terms of incremental cancer risk and annual radiation dose in the same 
manner as for the HHRA.  The inhalation and ingestion intake equations were modified to allow use of the 
measured surface concentrations (in dpm/100 cm2) and the beta activity ratios for the individual 
radionuclides.  The external gamma irradiation pathway was calculated using measured values obtained by 
hand-held instruments.  The two uranium isotopes (uranium-238 and uranium-234) were the major 
radioactive contaminants for the inhalation and ingestion pathways.  The major radionuclide giving rise to 
the external gamma radiation dose can not be directly determined, as measured dose rates were used for this 
pathway.   
 
The cancer risks and radiation doses are largest for exposures in Building G-1.  This is as expected, since this 
was the main processing building for uranium concentrates sent to the HCC.  The main exposure pathway in 
this building is inhalation of contaminated airborne particulates.  The highest maximum cancer risk to any 
worker is calculated to be 5.4E-03 in this building using RME assumptions, and the annual dose to this 
worker is calculated to be 7,500 mrem/year.  These risk and dose estimates for all workers decrease by about 
a factor of ten if CTE assumptions are used.  The cancer risks and radiation doses in the other buildings 
addressed in this assessment (Boiler House, Foundry, Warehouse, Garage, and Scale House) are significantly 
lower. 
 
Some of the building EUs are comprised of exterior surfaces.  Only the construction worker and exterior 
maintenance worker are assumed to have exposure to these exterior EUs.  Other building EUs are comprised 
of interior building surfaces, to which the industrial worker, construction worker, and interior maintenance 
worker are assumed to have exposure.  Results of the building HHRA are summarized below and in Table 8-
58. 
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EU B1 - Building G-1 Exterior 
 
The building EU B1 represents exterior surfaces on the Building G-1 walls, roofs, and windowsills.  In this 
EU, RME ILCR and annual dose rates exceed 1E-04 and 25 mrem/year, respectively, for both workers.  
However, the CTE ILCR does not exceed 1E-04 for either worker.  The CTE annual dose rate exceeds 25 
mrem/year only for the construction worker. 
 
EU B2 - Portions of Building G-1 Interior 
 
This building EU comprises the inside of the east structure of Building G-1.  The RME ILCR and annual 
dose rate exceeds 1E-04 and 25 mrem/year, respectively, for all three workers in this interior building EU.  
Although the CTE annual dose rate also exceeds 25 mrem/year for all three workers, the CTE ILCR exceeds 
1E-04 only for the industrial and interior maintenance workers.   
 
EU B3 - Portions of Building G-1 Interior 
 
The interior surfaces of the Building G-1 2nd floor and south structure are included in this building EU.  The 
RME, ILCR and annual dose rate exceeds 1E-04 and 25 mrem/year, respectively, for all three workers in this 
interior building EU.  Although the CTE annual dose rate also exceeds 25 mrem/year for all three workers, 
the CTE ILCR exceeds 1E-04 only for the industrial worker.   
 
EU B4 - Portions of Building G-1 Interior 
 
This building EU includes the north structure interior walls and mezzanine floor for this interior building EU.  
The RME ILCR and annual dose rate exceeds 1E-04 and 25 mrem/year, respectively, for all three workers.  
Although the CTE annual dose rate also exceeds 25 mrem/year for all three workers, the CTE ILCR exceeds 
1E-04 only for the industrial and interior maintenance workers. 
 
EU B5 - Boiler House Exterior 
 
This EU comprises the exterior surfaces of the Boiler House walls, window sills, and roof.  Neither the RME 
nor CTE ILCRs exceed 1E-04 for either of the outside workers for exposure to this exterior EU.  However, 
the RME and CTE annual dose rate does exceed 25 mrem/year for the construction worker.   
 
EU B6 - Boiler House Interior 
 
This EU includes the accessible surfaces inside of the Boiler House.  In this EU, the RME, but not CTE 
ILCR, is above 1E-04 for the industrial worker.  The RME, but not CTE annual dose rates are above 25 
mrem/year for the industrial and construction workers.   
 
EU B7 - Foundry 
 
This building EU includes exterior surfaces on the Foundry walls, window sills, roof, wall caps, and gutters.  
The RME resulted in ILCR above 1E-04 for the construction worker.  The CTE results in ILCR below 1E-04 
for all workers.  The RME resulted in an annual dose rate above 25 mrem/year for both outside workers, the 
construction worker and exterior maintenance worker.  The CTE annual dose rate remains above 25 
mrem/year for the construction worker only.   
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EU B8 - Warehouse Exterior 
 
The exterior surfaces of the Warehouse, including walls, ramps, window sills, roof and roof vent comprise 
this building EU.  The only risk or dose which exceeds a threshold is the RME annual dose rate for the 
construction worker.  All other RME and CTE risks and doses for all other workers are below 1E-04 and 25 
mrem/year, respectively.   
 
EU B9 - Warehouse Interior 
 
This building EU includes the inside of the Warehouse.  Although the RME ILCR for the industrial worker is 
above 1E-04, the CTE risks are below the risk threshold.  Both the RME and CTE annual dose rates are 
below 25 mrem/year for all three interior workers in this EU.   
 
EU B10 - Garage 
 
The outside surfaces of the Garage comprise this building EU, including Garage walls, window sills, and 
roof.  The only risk or dose which exceeds a threshold is the RME annual dose rate for the construction 
worker.  All other RME and CTE risks and doses for all other workers are below 1E-04 and 25 mrem/year, 
respectively.   
 
EU B11 - Scale House Exterior 
 
The exterior walls and roof comprise this building EU.  The only risk or dose which exceeds a threshold is 
the RME annual dose rate for the construction worker.  All other RME and CTE risks and doses for all other 
workers are below 1E-04 and 25 mrem/year, respectively.   
 
EU B12 - Scale House Interior 
 
This building EU includes the inside of the Scale House.  In this EU, the RME, but not CTE, ILCR is above 
1E-04 for the industrial worker.  The RME, but not CTE annual dose rates are above 25 mrem/year for both 
the industrial and construction workers. 
 
9.1.4.3   Screening Level Ecological Risk Assessment 
 
The purpose of the SLERA was to determine the potential for adverse ecological risks resulting from 
exposure to chemicals and radionuclides released to the environment during past MED/AEC-related 
activities at the Former Harshaw Chemical Site.   
 
The SLERA provides information to scientists and managers for the first scientific management decision 
point (SMDP) that allows for a determination of one of the following outcomes:   
 
• Ecological risk at the site is negligible;  
• The potential for ecological risk is great enough and sufficient information exists to proceed with a 

remedial action; or  
• Further information and evaluation are needed to better define potential ecological risks at the site. 
 
The SLERA was performed for the site following guidance from the USEPA, Ohio EPA, and the U.S. 
Department of Energy (DOE).  It utilized a tiered screening approach to identify exposure units or receptors 
that can be eliminated from further analysis due to negligible risk, and was accomplished by performing the 
following steps:   
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• Screening Level Problem Formulation; 
• Site-specific Screening Level Ecological Risk Assessment Methods; 
• Site-specific Screening Level Exposure Estimates; 
• Screening Level Risk Characterization; 
• Uncertainties; 
• Refinement of the SLERA; and 
• Scientific Management Decision Point. 
 
The SLERA evaluated potential risks to ecological receptors using site analyte concentrations in soil, 
sediment, and surface water.  It evaluated the same EUs and media evaluated for the HHRA.   
 
Risks due to radionuclide exposures were evaluated using the DOE’s graded approach for evaluating 
radiation doses to biota.  This approach is analogous to the USEPA and Ohio EPA tiered approach for 
ecological risk assessments, and begins by screening site-related concentrations of radionuclides against 
biota concentration guidelines that were developed to ensure that radiological dose limits protective of 
ecological receptors are not exceeded.  The concentrations of radionuclides in each medium within each EU 
did not exceed these protective concentrations.  Hence, the SLERA for radionuclides ended at step 2 of the 
site-specific analysis.  The radiation doses were not calculated per se, rather, the evaluation ended because 
the sum of fractions using average radionuclide concentrations in each EU was less than 1.   
 
For the site-specific screening level risk characterization, risks due to chemical exposure were evaluated for 
hypothetical receptors that could be exposed to contaminated media at the site.  The terrestrial receptors 
include plants, terrestrial invertebrates (earthworms), rabbits, voles, shrews, robins, foxes, and hawks.  The 
aquatic receptors include benthic invertebrates and aquatic biota.   
 
The ecological hazard index within each of the exposure units varied from 4 to 95.  However, the 
background concentrations contributed significantly to these elevated hazard indices, indicating that the 
toxicity reference values and/or exposure assumptions used in developing the hazard indices were overly 
conservative.  Therefore, a refinement of the initial screening level risk characterization was accomplished.  
This refinement considered contribution from background, site-specific area use factors (specifically for the 
heron in the riparian zone), availability of habitat, and ecological management goals for the site.  After the 
refinement was performed, more scientifically based conclusions could be drawn for the SLERA. 
 
The results of the SLERA indicate that no further action is warranted with respect to ecological receptors.  
There are no sensitive habitats or threatened and endangered species on the site that warrant special 
consideration or protection.  Available habitat at the site is limited under current use conditions, and much of 
it is paved.  Future development of the site may not necessarily continue to be industrial, but it would still be 
done for human benefit.  In addition, no ecosystem or habitat restoration is planned for the site.  One area of 
the site (EU 4) does have somewhat better habitat, but this is also the least contaminated portion of the site.  
All of these considerations support the conclusion that no further action is needed to protect ecological 
receptors at the site.  
 
9.2   CONCLUSIONS 
 
The following sections provide conclusions regarding the RI BRA. 
 
9.2.1  Constituents of Concern 
 
For non-carcinogens (i.e., chemicals), preliminary COCs have been identified as those COPCs that exceed an 
acceptable non-cancer risk criterion health index (HI) of 1 (as defined in the NCP) for a given receptor and 
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pathway.  For carcinogens, (i.e., radionuclides at the Former Harshaw Chemical Site), preliminary COCs 
have been identified as those COPCs that exceed an acceptable cancer risk criterion of 1 x 10-6 in an EU that 
exceeds a total incremental cancer risk of 1 x 10-4. 
 
The results of the risk characterization for radiological constituents for an environmental media site indicate 
there is risk to human receptors for the COPCs as identified in Table 8-26 for the RME scenario.  Uranium 
was identified as a preliminary COC in all soil EU's, with the possible exception of EU 4, which may warrant 
further evaluation for site closeout, as cancer risks were just at the acceptable risk limit under farming 
scenario using CTE assumptions for that EU.  Both lithium and kerosene were identified as preliminary 
COCs, but only for the child farmer scenario, and only in EU 1 (both lithium and kerosene) and EU 3 
(lithium only).  Uranium was identified as a preliminary COC for its chemical toxicity in groundwater, if 
used as a drinking water source.  Lithium and thorium-230 also pose an unacceptable hazard in groundwater.  
No COCs were identified in surface water or sediment.   
 
Preliminary radiological COCs for the buildings have been identified through analysis of volumetric samples 
of building materials, the corresponding beta activity ratios, and also consideration of preliminary COCs for 
the HHRA for the environmental media. 
 
Preliminary COCs are specific to EUs, media and receptors, and include the following: 
 

Media COCs 
Surface and total 
soil 

Radium-226 
Thorium-232 
Thorium-230 
Total uranium (uranium-234, 
uranium-235, and uranium-238) 
Lithium* 
Kerosene*  
 

Groundwater Thorium-230 
Total uranium 
Lithium 
 

Building materials Uranium-234  
Uranium-235 
Uranium-238  
Thorium-230  
Radium-226  
Lead-210  
Thorium-232  
Radium-228  
Thorium-228  
 

*Lithium and kerosene only posed an unacceptable risk for the 
child farmer scenario, and only in areas of the site with 
elevated uranium concentrations. 

 
These constituents represent the significant radiological contribution to human health risk at the site, and will 
need to be addressed. 
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9.2.2  Preliminary Remediation Goals 
 
PRGs are media-specific constituent concentrations that are associated with acceptable levels of chemical or 
radionuclide intake.  The site-specific PRGs developed for the Former Harshaw Chemical Site are 
summarized below. 
 
9.2.2.1   Soil and Groundwater PRGs 
 
Soil and Groundwater Chemical PRGs 
 
Site-specific remediation goals have been calculated for lithium, kerosene, uranium (chemical toxicity) in 
both groundwater and soil (Tables 8-29 and 8-30).  As noted above, uranium was only identified as a 
chemical COC for groundwater.  This is because in soil, the EU-wide EPCs for uranium are below 
concentrations that would pose an unacceptable risk to receptors exposed to soil.  However, small areas of 
elevated concentrations of uranium do exist in the soil.  Therefore, uranium PRGs for soil based on its 
chemical toxicity were also developed for the range of receptors evaluated.   
 
PRGs were calculated for six receptors including adult and child resident, adult and child farmer, an 
industrial worker, a maintenance worker, a construction worker and trespasser/recreational visitors (adult and 
adolescent), for both soil and groundwater.  For the chemical PRGs, the target risk level for non-cancer 
PRGs was defined as a target HI of 1 for each individual chemical.  
 
Soil PRGs for uranium range from 190 milligrams/kilogram (mg/kg) to 15,000 mg/kg, depending on the 
land-use scenario and receptor.  PRGs for uranium in groundwater range from 92 μg/L to 320 mg/L, 
depending on groundwater-use scenario and receptor. 
 
Soil Radionuclide PRGs 
 
Site-specific PRGs are developed and applied in the context of EU and EPC or dose.  Site-specific PRGs 
have been developed for all radiological COCs based on the most likely ARAR identified for the site given 
in Subpart E of 10 Code of Federal Regulations (CFR) 20, which limits the annual dose to an average 
member of the critical group to 25 mrem/year.  These dose-based PRGs are presented in Table 8-28.  In 
addition, PRGs were developed based on meeting an ILCR of 1 in 10,000 (1E-04).  The risk-based PRGs are 
presented in Table 8-29.   
 
For comparison between PRGs based on chemical and radiological properties of uranium, PRGs are 
presented in both mass (mg/kg) and activity (pCi/g) units in Tables 8-27 through 8-29.  From this 
comparison, that protection aimed at the radiological properties of uranium will result in lower PRGs than for 
the chemical toxicity properties of uranium in both soil and groundwater (Tables 8-27 through 8-30).   
 
9.2.2.2   Building PRGs 
 
The PRGs for buildings are scenario-specific surface radiological concentrations that are associated with 
acceptable levels of exposure.  Site-specific PRGs have been developed for the three building survey 
measurements (i.e., fixed activity, removable activity, and direct gamma exposure), and assume contribution 
from all COCs.  The dose rate limit used in the PRG development is based on the most appropriate 
applicable or relevant and appropriate requirement (ARAR) identified for the site, Subpart E of 10 CFR 20, 
which limits annual dose rate to an average member of the critical group to 25 mrem/year.  
 
PRGs for the building contamination are provided in Table 8-42 and were calculated for RME and CTE 
scenarios for fixed and removable contamination, and for external gamma dose rate for each receptor.  The 
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are based on a single parameter giving an annual dose rate of 25 mrem/year, and are intended to be used in a 
sum-of-the-fractions calculation. 
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Photograph 1.   Cuyahoga River Gravel Bar/Base Flow Conditions (IA05) 
 
 

 

Photograph 2.   Post-Clearing: IA03 Building G-1 
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Photograph 3.   Post-Clearing: IA03 North of Railroad Tracks 
 
 

 

Photograph 4.   NIFW Pre-Clearing: IA06 
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Photograph 5.   NIFW Post-Clearing: IA06 
 
 

 

Photograph 6.   NIFW Post-Clearing: IA06 
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Photograph 7.   NIFW Pre-Clearing: IA07 East Boundary 
 
 

 

Photograph 8.   NIFW Clearing with Bobcat: IA07 
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Photograph 9.   NIFW Post-Clearing and Existing Piezometers: IA07 
 
 

 

Photograph 10.   NIFW Post-Clearing: IA07 South Closed Landfill 
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Photograph 11.   NIFW Civil Survey/Reference Control Points: IA06 
 
 

 

Photograph 12.   NIFW Field GPS Survey: IA04 
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Photograph 13.   Soil Core Radiological Screening 
 
 

 

Photograph 14.   Downhole Gamma Logging 
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Photograph 15.   Geoprobe Soil Sampling: Cleveland Metroparks 
 
 

 

Photograph 16.   Background Monitoring Well Installation: BKG-MW0004 
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Photograph 17.   Background Monitoring Well Flush-Mount Completion: BKG-MW0005 
 
 

 

Photograph 18.   Building G-1 Floor Coring Setup 
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Photograph 19.   Building G-1 Roof: North 
 
 

 

Photograph 20.   Building G-1 Interior: 2nd Floor Northeast 
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Photograph 21.   Foundry Roof: North 
 
 

 

Photograph 22.   Foundry Roof: South 
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Photograph 23.   Building Material Sample: Wall/Brick 
 
 

 

Photograph 24.   Building Material Sample: Window Sill 
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Photograph 25.   Building G-1 Asbestos Sample Location: Floor Tile 
 
 

 

Photograph 26.   Building Material Sample: Roof 
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Photograph 27.   Building Material Sample: Post-Sampling Roof Repair 
 
 

 

Photograph 28.   Building Radiation Survey Grid Setup: Garage South Exterior Wall 
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Photograph 29.   Hand Auger Soil Sampling Setup 
 
 

 

Photograph 30.   Geoprobe Soil Sampling: IA03 North 
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Photograph 31.   Geoprobe Soil Sampling: IA07 North (C&D Trucking Property) 
 
 

 

Photograph 32.   Hollow-Stem Auger Setup: IA05 
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Photograph 33.   Hollow-Stem Auger Setup: IA07 (Milan Trucking Property) 
 
 

 

Photograph 34.   NIFW EM-31 Survey: IA04 
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Photograph 35.   NIFW EM-31 Survey: IA07 South 
 
 

 

Photograph 36.   GPR Survey: IA03 
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Photograph 37.   Sheet Piling/Geophysical Survey Anomaly: IA06 
 
 

 

Photograph 38.   Field Staging/Office Area 
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Photograph 39.   Field Staging Area: BEGe Laboratory/Storage SeaLand 
 
 

 

Photograph 40.   NIFW Gamma Walkover Survey Instrumentation 
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Photograph 41.   NIFW Gamma Walkover Survey: IA03 
 
 

 

Photograph 42.   NIFW Gamma Walkover Survey: IA04 
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Photograph 43.   NIFW Gamma Walkover Survey Grid Reference Baseline: IA06 
 
 

 

Photograph 44.   Trenching Excavator: IA04 East 
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Photograph 45.   Trenching: IA04 East 
 
 

 

Photograph 46.   Trenching: IA04 East 
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Photograph 47.   Geoprobe Soil Sampling: IA06 
 
 

 

Photograph 48.   Big Creek South Bank Fill Material: IA07 (NEORSD Property) 
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Photograph 49.   Concrete Coring: IA05 
 
 

 

Photograph 50.   Surface Water/Sediment Sampling: IA08 Big Creek 
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Photograph 51.   Sanitary Sewer Sampling with Bailer: IA09 
 
 

 

Photograph 52.   Sanitary Sewer Sampling with Ponar: IA09 

Former Harshaw Chemical Site P-26  
Remedial Investigation Report 
Revision 1  
December 2009 



 

 

Photograph 53.   Sanitary Sewer Sampling with Pump: IA09  
 
 

 

Photograph 54.   Geoprobe Soil Sampling: IA09 Backfill Soil 
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Photograph 55.   Sanitary Sewer Sampling: Confined Space Entry Setup 
 
 

 

Photograph 56.   Storm Sewer Sediment Sampling: IA09 
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Photograph 57.   Sanitary Sewer Trenching: Air Knife Utility Clearance 
 
 

 

Photograph 58.   Sanitary Sewer Trenching: Air Knife Utility Clearance 
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Photograph 59.   Sanitary Sewer Trench: Timber Shoring in Former Excavation 
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Photograph 60.   Sanitary Sewer Trench: Concrete Encasement and Sample Locations 
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Photograph 61.   Completed Storm Sewer Trench 
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Photograph 62.   Storm Sewer Trench: Concrete Encasement and Sample Locations 
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Photograph 63.   Methane Air Sampling (IA04-TP0002) 
 
 

 

Photograph 64.   Monitoring Well Stickup Surface Completion (IA10-MW0003) 
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Photograph 65.   Low-Flow Groundwater Sampling (Well DM26) 
 
 

 

Photograph 66.   Monitoring Well Development (Well DM28R) 
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Photograph 67.   View of IA04 Cuyahoga River Bank from IA06 
 
 

 

Photograph 68.   Glass Jars in Soil with Elevated Radiological Activity: IA07 
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