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EXECUTIVE SUMMARY 

The Tonawanda site is composed of the Linde Center, Ashland 1, 

Ashland 2, and Seaway Industrial Park properties in the 

industrialized Tonawanda area. This report has been prepared to 

document the 1988-92 remedial investigation (RI) activities 

performed to support the selection.of remedial action alternatives 

,."'for the site. Remedial action is being planned as part of the 

u.s. Department of Energy (DOE} Formerly Utilized Sites Remedial 

Action Program (FUSRAP) . 

From 1942 to 1946, portions of the Linde property and buildings 

in the Town of Tonawanda, New York, were used for processing 

uranium ores. The processing activities, conducted under contract 

with Manhattan Engineer D~strict (MED), resulted in radioactive 

contamination of portions of the property, the underlying aquifer, 

and processing buildings. Subsequent relocation and disposal of 

the processing filter cake residues resulted in radioactive 

contamination of three nearby properties: Ashland 1, Seaway, and 

Ashland 2. 

The purpose of the RI is to define the nature and extent of 

MED-related contamination, evaluate the fate and transport of that 

contamination, and identify site characteristics (e.g., ecology, 

hydrology, geology) for use during the development and evaluation 

of potential remedial action alternatives. 

Chemical or nonradioactive contamination at the Tonawanda site 

is DOE's responsibility if it is commingled with MED-related 

radioactive contamination or if it is related to the MED operations 

at the Tonawanda site. 

Historical surveys and RI results indicate that the Linde 

property has four sources of MED-related radioactive contamination: 

(1) radioactive contamination in surface and subsurface soils, 

(2) residual radioactivity in the uranium processing buildings 

(Buildings 14, 30, .31, and 38), (3) processing effluents that 

precipitated after being injected into fractured bedrock strata and 

the contact-zone aquifer, and (4) radioactive contamination in 

sediments found in building sumps and the storm and sanitary sewer 

systems. The primary contaminants in the soils and sediments are 
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uranium-238, thorium-230, and radium-226; metals (aluminum, barium, 
calcium, copper, iron, lead, magnesium, manganese, phosphorus, and 

vanadium) associated with the uranium processing filter cake 
residues; and organics [primarily polynuclear aromatic hydrocarbons 
(PAHs), toluene, and chlorinated aliphatics] contributed by 

vehicular traffic, waste oils, and normal plant operations 
(Section 4.2.1}. No wastes defined as hazardous by the Resource 
conservation and Recovery Act (RCRA) were located. The primary 

radioactive contamination in the buildings is alpha and beta-gamma 

fixed and removable radioactivity above DOE guidelines. Uranium, 
calcium, chloride, iron, molybdenum, sodium, and sulfate are 
primary constituents of interest in the subsurface effluents 

{Section 4.3.1). 
Based on historical surveys and RI results, Ashland 1, Seaway, 

and Ashland 2 have two sources of radioactive contamination: in 
surface and subsurface soils and in drainage ditch sediments. The 

primary contaminants in the soils are uranium, radium-226, 
thorium-230, and metals associated with the filter cake residues: 

the primary contaminants in sediments are thorium-230 and 
processing-associated metals. 

MED-related radioactive contamination at Ashland 1 is located 
across most of the property and typically extends to the depth of 
natural soils. PAH contamination occurring across the property in 

the shallow-soils resulted from the disposal or release of 
petroleum derivatives from refinery operations (Section 4.2.2). 

MED-related radioactive contamination exists in four areas at 
Seaway (Section 4.2.3): Areas A and D contain surface and 
subsurface contamination, and Areas B and c are buried beneath 

landfill materials. MED-related contamination in Area A extends 

north, via a drainage ditch, onto the Niagara Mohawk property. 
Contamination in Area D is contiguous with contamination on 
Ashland 1 and an adjacent drainage ditch. No RCRA-characteristic 
wastes were located. 

MED-related contamination at Ashland 2 is generally confined to 
the area bordered by two branches of Rattlesnake Creek and an 

access road; small amounts of contamination occur along the 

floodplains of the drainage ditches (Section 4.2.4). The 
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radioactive contamination is mixed in varying concentrations with 

inorganic and organic constituents from refinery wastes. 

Radioactive contamination was not detected in the soils on the 

southern portion of Ashland 2. No RCRA-characteristic wastes were 

located. 

The primary pathway for transport of contamination in surface 

soil is via runoff to the surface water and sediment systems. 

Drainage ditches collecting runoff from Ashland 1 and Seaway 

Areas A, D, and c (before it was buried) indicate that radioactive 

contaminants had migrated with runoff and were deposited in the 

sediments. Presently, areas of contamination in surface soil are 

covered with vegetation, which mitigates the potential for 

contaminant migration. Although surface water appears to transport 

radionuclides and metals from surface soil at Ashland 1 and Seaway 

Area A, the uranium concentrations downstream of Ashland 2 are the 

same as background concentrations. 

Groundwater at the Tonawanda site has been observed in three 

distinct hydrogeologic systems: (1} a perched system that allows 

subsurface movement of percolated water to surface water systems, 

(2) a shallow, semiconfined system at the Ashland/Seaway properties 

composed of silty sand lenses in a thick clay layer, and {3) a 

contact-zone aquifer at the contact between the basal 

unconsolidated materials and weathered bedrock. 

Rare plants that may occur on or near Twomile and Rattlesnake 

creeks include the stiff-leaved goldenrod (Solidago rigida) and 

calamint (Calamintha arkansana). The blue-spotted salamander 

(Arnbystoma laterale), a species of special concern, is reportedly 

found in a small wetland n8ar the Twomile creek watershed. 

Wetlands may occur at Linde and Ashland 2 (see Section 7.0). 

DOE will investigate these potential wetlands and determine whether 

to designate them as wetlands. 

This RI has successfully completed the objectives set forth in 

the characterization plan (BNI 1989a} and the work plan

implementation plan (BNI 1993a). The data limitations identified 

during the RI (i.e., wetland delineation and vicinity property 

investigation) were not included in the original scope of the RI 

but will be addressed separately. Future work planned for the 
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Tonawanda site includes: (1) locating dredgings from Twomile 
Creek, (2) delineating the Tonawanda site wetlands, and 
(3) investigating vicinity properties. 

Additional work to complete the RI/feasibility study
environmental impact statement process includes preparation of a 

baseline risk assessment and a feasibility study. These documents 
will provide information necessary for selection of an appropriate 

remedial action for the Tonawanda site. 
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1.0 INTRODUCTION 

From 1942 to 1946, portions of the Linde Center property and 

buildings in the Town of Tonawanda, New York, were used for 

separation of uranium ores. These processing activities, conducted 

under contract with the Manhattan Engineer District (MED), resulted 

in radioactive contamination of portions of the property and 

buildings. Subsequent disposal and relocation of processing wastes 

from the Linde property resulted in radioactive contamination of 

three nearby properties in the Town of Tonawanda: Ashland 1, 

Ashland 2, and the Seaway Industrial Park. Together these four 

properties are referred to as the Tonawanda site. 

The u.s. Department of Energy (DOE) is conducting a cleanup of 

the Tonawanda site under the Formerly Utilized Sites Remedial 

Action Program (FUSRAP), which was established to identify and 

clean up or otherwise control sites where residual radioactive 

contamination remains from the early years of the nation's atomic 

energy program or from commercial operations causing conditions 

that Congress has authorized DOE to remedy. 

DOE is conducting the remedial investigation/feasibility 

study-environmental impact statement (RI/FS-EIS) process for the 

Tonawanda site in accordance with procedures developed in 

compliance with the Comprehensive Environmental Response, 

Compensation, and Liability Act (CERCLA) and National Environmental 

Policy Act (NEPA) values. The RI/FS-EIS process will, after agency 

and public review, conclude with the issuance of a record of 

decision that will identify the remedies selected for the 

contamination present at the Tonawanda site. 

The RI report, the baseline risk assessment, and the FS-EIS are 

the principal documents prepared by DOE to summarize the findings 

of the RI/FS-EIS process. The RI report summarizes the findings of 

1988-92 RI activities conducted at the Tonawanda site to determine 

the nature, extent, and potential for migration of the radioactive 

and associated chemical contamination resulting from MED 

operations. A baseline risk assessment presents the findings of an 

assessment to determine the human health and ecological risks posed 

by the presence of radioactive and associated chemical 
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contamination at and near the properties that comprise the 
Tonawanda site. The FS-EIS report identifies, develops, and 

evaluates remedial action alternatives for the site based on the 

nature and extent of contamination documented in the RI report. 
The FS-EIS report also evaluates the potential environmental 

consequences of the various remedial action alternatives 
identified. 

1.1 PURPOSE 

In 1974 the United States Congress authorized the Atomic Energy 

Commission (AEC), a predecessor of DOE, to institute FUSRAP. The 
goals of FUSRAP are to control radioactive and associated chemical 
contamination at its sites, maintain the sites in compliance with 
applicable criteria for the protection of human health and the 
environment, and certify the sites for use without radiological 

restrictions following site decontamination. 
The Atomic Energy Act of 1954 (42 USC 2001 et seq., Public 

Law 703, 83rd congress, 68 Stat. 919; as amended) gave DOE the 
authority to remediate the Tonawanda site. In February 1980, the 
Linde property was designated for remedial action under FUSRAP; the 
Ashland 1 and seaway properties were designated in June 1984, and 

the Ashland 2 property was designated in october 1984 
(Frangos 1980, Coffman 1984, Voigt 1984). Under FUSRAP, DOE 
assumes responsibility for: 

• Managing radioactive contamination that is related to MED 
processing and management of radioactive materials at the 
Linde plant, including contamination that has spread to 

Ashland 1, Ashland 2, seaway, and other properties 

• Managing any chemical contamination at the Tonawanda site 
that is mixed with radioactive contamination or that 

resulted from activities conducted for MED 

DOE assumes no responsibility for identifying or remediating 

chemical contamination that is not related to MED activities. 
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The RI/FS-EIS process was initiated by DOE to meet the 

procedural and documentation requirements of NEPA and CERCLA for 

obtaining sufficient information on the nature and extent of 

contamination at the Tonawanda site to support the evaluation of 

remedial action alternatives. DOE Order 5400.4 requires that any 

response to releases or potential imminent releases will be 

conducted in accordance with CERCLA, the National Oil and Hazardous 

Substances Pollution Contingency Plan, and Executive Order 12580. 

In addition, where CERCLA remedial actions trigger NEPA procedures, 

the procedural and documentation requirements of CERCLA and NEPA 

will be integrated, whenever practical. 

On April 11, 1988, DOE published a notice of intent (NOI) in 

the Federal Register for remediation of the Tonawanda site. The 

NOI presented background information on the proposed scope and 

content of the proposed site remediation and solicited comments and 

suggestions from members of the public, agencies, and other 

interested groups. The NOI cited a broad range of generic 

remediation alternatives, including no action, treatment and 

disposal onsite or offsite, and containment or institutional 

controls. The NOI also listed environmental issues tentatively 

identified for analysis in the FS-EIS. 

The first step in the RI/FS-EIS process was investigating the 

site to gain information about site characteristics and the nature 

and extent of contamination. This investigation required a phased 

approach that included performing a characterization (between 1988 

and 1989), identifying areas requiring additional investigations, 

performing the additional investigations (between 1990 and 1992), 

and compiling the findings in an RI report. The 1988-89 

characterization activities (first-phase activities) were conducted 

by Bechtel National, Inc. (BNI) in accordance with the 

Characterization Plan for the Linde Air Products, Ashland 1, and 

Ashland 2 Sites (BNI 1989a). The 1990-92 selective investigations 

(second-phase investigations) were conducted in accordance with the 

Work Plan-Implementation Plan for the Remedial Investigation/ 

Feasibility Study-Environmental Impact Statement for the Tonawanda 

Site (BNI 1993a) and the Field Sampling Plan for the Remedial 
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Investigation/Feasibility Study-Environmental Impact Statement for 

the Tonawanda Site (BNI 1993b}. 

Following the characterization activities conducted in 1988 and 

1989 at Linde, Ashland 1, and Ashland 2, DOE decided to include 

Seaway in the RIJFS-EIS process with the other Tonawanda properties 

to minimize the effort involved with meeting the procedural and 

documentation requirements of NEPA and CERCLA. The four properties 

are considered as a group because they are located in the same 

vicinity, they were contaminated by a common source, the 

investigation activities at the properties are similar in nature, 

and the potential threat to public health and welfare and the 

environment is similar because of the low-level radioactive 

materials on each of the properties. The statutory basis for 

treating the four properties as one site is found in CERCLA, 

Section 104 ( d} ( 4) . 

Historical information on the properties and previous surveys 

is presented in Section 1.0. Investigation methods used during the 

RI are presented in Section 2.0; Section 3.0 describes the physical 

characteristics of the Tonawanda area and the results of 

geotechnical investigations. Results of the RI activities 

conducted to determine the nature and extent of contamination are 

reported in Section 4.0. Section 5.0 describes the potential fate 

and transport of contaminants, and Section 6.0 summarizes the 

baseline risk assessment developed for the site. Section 7.0 

summarizes the results and conclusions derived from the RI 

activities. Figures and tables are located at the end of each 

section to provide easy reference and minimize interruptions to the 

flow of the text. 

Appendix A presents radiological data for the RI. Appendix B 

contains geologic drill logs for geotechnical boreholes installed 

during the RI, and Appendix c is a report of the geotechnical 

investigation of the Seaway area. Appendix D summarizes the 

analytical methods used, including quality assurancejquality 

control (QA/QC) data and conclusions. Appendix E presents chemical 

data for the RI. Appendix F presents hydrographs for the Tonawanda 
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properties. Appendix G contains data on borehole locations and 

depths of boreholes, undisturbed soil, and radioactive 

contamination. 

1.2 ENVIRONMENTAL COMPLIANCE PROCESS 

Remedial and removal actions conducted by DOE at the Tonawanda 

site are being coordinated with the Environmental Protection Agency 

(EPA) Region II under CERCLA, as amended by the Superfund 

Amendments and Reauthorization Act. It is DOE policy to integrate 

the requirements of CERCLA with the values of NEPA for remedial 

actions at sites for which it has responsibility. The RI/FS 

conducted under CERCLA is the primary process for environmental 

compliance associated with DOE remedial actions. Under the 

CERCLA/NEPA integration policy, the CERCLA process is supplemented, 

as appropriate, to incorporate NEPA values. Specific objectives of 

the RI/FS-EIS process are to: 

• Characterize radioactive and mixed waste contamination at 

the site 

• Characterize chemical contaminants for which DOE is 

responsible 

• Assess potential risks to human health and the environment 

that could result from exposure to site contaminants 

• Mitigate any immediate hazards associated with site 

conditions 

• Assess potential remedial action alternatives and select and 

implement a permanent remedy 

• Minimize potential health hazards to personnel conducting 

characterization and remedial action activities 

Defining the appropriate level of environmental analysis under 

NEPA is a function of the complexity of a proposed action, the 

likelihood for significant environmental impacts, and the potential 

for considerable public interest. Because of the significance of 

issues raised during the seeping meeting, DOE has determined that 

an EIS is the appropriate level of NEPA review necessary to 
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adequately inform decision-makers and the public of reasonable 

alternatives for minimizing any adverse impacts of the proposed 

action at the Tonawanda site. Thus, DOE is preparing an RI/FS-EIS 

for the Tonawanda site. DOE will conduct an RI/FS to support the 

decision-making process for evaluating remedial action alternatives 

and will add to this process those elements required to satisfy the 

EIS process under NEPA (Figure 1-1). DOE's CERCLA/NEPA integration 

policy is not intended to represent a statement on the legal 

applicability of NEPA to remedial actions under CERCLA. 

It is DOE policy to prepare an EIS implementation plan (IP) to 

record the results of the NEPA seeping process and to present the 

approach for preparing an EIS. For the Tonawanda site, the NEPA 

seeping process was completed by conducting two public meetings 

(April and June 1988), collecting public input at the meetings and 

in written comments submitted subsequently, and analyzing the 

comments. The NEPA IP, when completed, will be appended to the 

RI/FS-EIS work plan (WP) for the Tonawanda site. This integrated 

NEPA/CERCLA WP-IP (BNI 1992c) will also describe the approach that 

will be used to evaluate potential remedial action alternatives and 

include a description of the organization, project controls, and 

task schedule that will be employed to address both CERCLA 

requirements and NEPA values. 

1.3 BACKGROUND FOR THE TONAWANDA REMEDIAL INVESTIGATION ACTIVITIES 

From 1942 to 1946, Linde Center (formerly Linde Air Products 

Corporation, a subsidiary of Union Carbide Industrial Gases) was 

contracted by MED to separate uranium from pitchblende uranium ore 

and domestic ore concentrates. Wastes generated during this 

separation process were disposed of at Ashland 1; residues from 

processing the pitchblende ore were transported to what is now the 

Niagara Falls Storage Site, a FUSRAP site in Lewiston, New York. 

During later activities at Ashland 1, a portion of the contaminated 

material was transported to Seaway and Ashland 2. Figure 1-2 shows 

the regional setting of the area, and Figure 1-3 shows the 

locations of the properties. 
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The Linde, Ashland 1, Ashland 2, and Seaway properties are 

located in the Town of Tonawanda, Erie County, New York. Tonawanda 

is immediately north of Buffalo, New York, and is bounded on the 

west by the Niagara River, which flows northwest by the site toward 

Lake Ontario at an average of 11.3 km/h (7 mph). Lake Erie is less 

than 16 km {10 mi) to the southwest, and Lake Ontario is 34 km 

(21 mi) to the north. The following sections provide a description 

of each property, a historical overview of surveys, and a summary 

of previous investigations. 

1.3.1 Summary of Technical Memoranda 

Data for the Tonawanda site RI were collected in two phases. 

The first phase of data collection activities was limited to 

developing a general understanding of the site. As a basic 

understanding of the site was achieved, subsequent selective 

investigations focused on gathering sufficient additional 

information to support evaluation of remedial action alternatives. 

The technical memoranda listed below document earlier 

investigations. The background information they contain was used 

to determine the scope of the RI activities discussed in this 

report. 

• Formerly Utilized MED/AEC Sites Remedial Action Program, 

Radiological Survey of the Former Linde Uranium Refinery, 

Tonawanda, New York {ORNL 1978a). 

• Radiological Survey of the Ashland Oil Company (Former Haist 

Property), Tonawanda, New York (ORNL 1978b). 

• Radiological Survey of the Seaway Industrial Park, 

Tonawanda, New York (ORNL 1978c). 

• Preliminary Engineering and Environmental Evaluation of the 

Remedial Action Alternatives for the Linde Air Products 

Site, Tonawanda, New York (FBDU 1981a). 
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• Preliminary Geologi~al and Hydrogeological Characterization 

Report for the Southern Portion of the Ashland 2 Site 

(BNI 1987}. 

• Hydrogeologic Investigation, Seaway Industrial Park Sanitary 

Landfill, Tonawanda, New York (Wehran 1979). 

1. 3. 2 Linde 

Description 

Linde is located at East Park Drive and Woodward Avenue, 

approximately 2.5 km (1.5 mi) from the Niagara River. Figure 1-4 

is an aerial view of the property. Several buildings on the 55-ha 

(135-acre) property (Figure 1-5) are currently used as offices, 

research laboratories, fabrication facilities, and storage areas; 

access to the property is controlled. Approximately 

1,700 employees work at the onsite facilities (Union Carbide 

Industrial Gases). The property is bounded on the north and south 

by other industries and small businesses, on the east by 

Consolidated Rail Corporation (Conrail) railroad tracks and an open 

area, and on the west by a park (part of the former Sheridan Park 

Golf Course) that is now owned by Linde and is open to the public. 

A number of residential properties are ·located within several 

hundred feet of Linde. 

Utilities 

The Linde property is served by city water, electricity, 

natural gas, and sewage systems. It is underlain by a series of 

utility tunnels that interconnect some of the main buildings and 

house distribution lines for compressed air, electricity, oxygen, 

nitrogen, natural gas, and telephone services; the tunnels are also 

used to collect condensation. Extensive networks of storm sewers, 

sanitary sewers, potable water lines, and n2~ural gas lines also 

underlie the property. An isolated area in the southern portion of 

the property contains underground hydrogen lines. Figures 1-6 
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and 1-7 show the locations of major storm and sanitary sewers, 

respectively. 
stormwater drains to the west and south and discharges at seven 

main outlets (see Figure 1-6). Runoff from the extreme southern 

portion of the property drains to a 1-m (3-ft) storm drain line in 
the center of Woodward Avenue, 3.3 m (11 ft) below grade. Most of 
the stormwater drains to the west and discharges into a twin-cell, 

2.3- by 3-m (7- by 9-ft) conduit running along the western side of 

the property; the discharge flows into Twomile Creek downstream of 

Sheridan Lake. 
The sanitary sewer system at Linde consists of two major 

branches. The northern sanitary sewer branch serves 
Buildings 30, 31, 38, 90, and other buildings to the north; the 

southern branch serves Buildings 2, 8, 14, 100, and others to the 
south. Both branches drain to the west and empty into a 1.1-m 

(3.5-ft) sanitary sewer main. 

History 

Five Linde buildings were involved in MED activities between 

1942 and 1946: Building 14 (built by Union Carbide in the 
mid-1930s) and Buildings 30, 31, 37, and 38 (built by MEDon land 
owned by Union Carbide). Ownership of Buildings 30, 31, 37, and 38 

was transferred to Linde when the MED contract was terminated. 

Table 1-1 describes activities and operations that took place in 

these buildings and their current uses. 
Linde was selected because of the company's experience in the 

ceramics business, which involved processing uranium to produce the 

salts used to color ceramic glazes. Under the MED contract, 

uranium from seven different sources was processed at Linde: four 

African ores (three low-grade pitchblendes and a torbernite) and 

three domestic ores (carnotite from Colorado). 
The domestic ore tailings sent to Linde resulted from 

commercial processing, conducted primarily in the western 

United states, to remove vanadium. The vanadium removal process 

resulted in disruption of the uranium decay chain and the removal 

of radium. For this reason, the domestic uranium supplied to Linde 
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had low concentrations of radium compared with the natural uranium 
and thorium-230 concentrations. The following are typical 

constituents of the domestic ores processed at Linde 

(Aerospace 1981): 

Compound 

Triuranium octoxide (U308 ) 

Yttrium oxide (Y205 ) 

Molybdenum trioxide (Mo03 ) 

Lead monoxide (PbO} 
Phosphorous pentoxide (P20 5 ) 

Silicon dioxide (Si02 } 

Calcium oxide (CaO) 
Magnesium oxide (MgO) 
Iron (III) oxide (Fe20 3 ) 

Aluminum oxide (A1203 ) 

The African ores shipped to Linde 
contained uranium in equilibrium with 
in its decay chain (e.g., thorium-230 

Percentage 
by Weight 

15.8 

2.5 

0.02 

0.01 
2.5 

13.0 

17.0 
0.3 

12.0 

5.0 

as unprocessed mining ores 
all of the daughter products 
and radium-226). The other 

constituents of the ores were similar to those of the domestic 
ores. Following laboratory and pilot plant studies (conducted from 

1942 to 1943), uranium processing began at Linde in 1943. From 
July 1943 to July 1946, the period in which Linde processed uranium 
forMED, a total of 25,700 metric tonnes (28,300 tons) of ore was 
processed (ORNL 1978a). 

A three-phase process was used to separate uranium from the 

uranium ores and tailings. Phase 1 (conducted in Building 30) 
consisted of separating triuranium octoxide (U30 8 ) from the 

feedstock materials by a series of process steps consisting of acid 
digestion, precipitation, and filtration. The filtrate (liquid 

remaining from the processing operations) from this step was 
discarded as liquid waste into the injection wells, storm sewers, 

or sanitary sewers, and the filter cake was discarded as solid 

waste and was ultimately taken to Ashland 1. The triuranium 
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octoxide from Phase 1 was processed into uranium dioxide (U02 ) in 

Phase 2 (Building 30). In Phase 3 (Buildings 31 and 38), the 

uranium dioxide was converted to uranium tetrafluoride (UF4). 

Residues from Phases 2 and 3 were reprocessed (Aerospace 1981). 

Because the first phase of uranium processing operations was 

the source of the waste, that phase is examined in detail to 

provide a description of the types of waste that were produced. 

Figure 1-8 is a flow diagram of Phase 1, which consisted of the 

following steps: 

1. Sulfuric acid was added to the ore slurry until the pH of the 

mixture reached 0.7 to 0.8. All components of the ores 

(radioactive and chemical) became partially dissolved during 

this acid extraction process. 

2. Pyrolucite or braunite was added to the ore slurry solution to 

oxidize any reduced uranium present. 

3. The solution was digested at 90"C (194"F) for 3 hours. 

4. After the digestion process was completed, the solution was 

cooled with a weak wash solution at 60"C (140"F). At this 

point, the uranium was in solution as uranyl sulfate. 

5. After the solution cooled, soda ash was added until the 

solution reached a pH of 9.2. 

6. At this point, sodium bicarbonate was added to the solution. 

This step precipitated most of the impurities and left the 

uranium in solution as sodium uranyl tricarbonate. 

7. The solution was filtered with Moore filters. The resulting 

residues were considered solid waste and were taken to a 

temporary tailings pile north of Buildings 30, 38, 39, and 58. 
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8. The procedure used for the next task depended on the type of 

ore being processed. If the ore was dome~ ic, ferrous and 

ferric sulfates were ada~d to remove the \ .nadium and 

phosphorous. If the ore was African, barium chloride was 

added to remove the radium. 

9. For the domestic ores, the resultant iron cake residues were 

filtered off in plate and frame presses and taken to a 

temporary tailings pile north of Buildings 30, 38, 39, and 58. 

10. The liquors were treated with caustic soda, causing 

precipitation of the uranium as sodium diuranate. The 

filtrate was discharged as a waste effluent into the sanitary 

sewers, storm sewers, or onsite disposal wells. 

11. The sodium diuranate cake from Step 10 was treated with 

sulfuric acid and ammonium sulfate to produce an ammonium 

uranyl sulfate complex. 

12. The ammonium uranyl sulfate complex was removed in a filter 

press and fed to a calciner to drive off the ammonia, sulfur 

dioxide, sulfur trioxide, and water, leaving uranium oxide to 

be processed in Phase 2. 

The principal solid waste resulting from Phase 1 was a solid, 

gelatinous filter cake consisting of impurities remaining after 

filtration of the uranium carbonate solutions. Phase I also 

produced insoluble precipitates of the dissolved constituents, 

which were combined with the tailings. The precipitated species 

included large quantities of silicon dioxide, iron hydroxide,· 

calcium hydroxide, calcium carbonate, aluminum hydroxide, lead 

sulfate, lead vanadate, barium sulfate, barium carbonate, magnesium 

hydroxide, magnesium carbonate, and iron complexes of vanadium and 

phosphorus (Aerospace 1981). 

Between 1943 and 1946, approximately 7,250 metric tonnes 

(8,000 tons) of filter cake from the Phase I processing of domestic 

ores were taken from the temporary tailings pile at Linde and 
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transported to the former Haist property (Ashland 1) in Tonawanda 
(ORNL 1978b). These residues contained approximately 0.54 percent 

uranium oxide [39,100 kg (86,100 lb) of natural uranium], which 

corresponds to 26.5 Ci of natural uranium (ORNL 1978b). Because 
the residues from the African ore were relatively high in radium 

content compared with the processed domestic ore residues, the 
African ore supplier required that the African ore residues be 

stored separately so that the radium could be extracted. Between 

1943 and 1946, approximately 18,600 metric tonnes (20,500 tons) of 

residues were shipped to the former Lake Ontario Ordnance Works in 

Lewiston, New Yor~, where they could be isolated and stored in a 
secure area (Aerospace 1981). The production progress reports also 

showed that approximately 140 metric tonnes (154 tons) of African 

ore residues were shipped to Middlesex, New Jersey 
{Aerospace 1981). 

The radioactive liquid effluent resulting from filtration of 

the sodium diuranate cake (Step 10) was initially discharged to the 
sanitary sewer system; by December 1943, approximately 55 x 106 L 

(14.5 x 106 gal) had been discharged. By April 1944, a total of 

approximately 100 :x 106 L (26.4 x 106 gal) had been discharged into 

the sanitary sewer system (Aerospace 1981). Concentrations of 

uranium oxide in the effluents averaged 0.15 g/L in 1943 and 

0.03 gfL during the first three months of 1944 (Aerospace 1981). 
Therefore, approximately 9,600 kg (21,000 lb) of uranium oxide 

(i.e., 6.5 Ci of natural uranium) was released into the sanitary 
sewer system (Aerospace 1981). 

Because process changes increased the pH of the effluent (less 

than 11.5), discharge to the sanitary sewer was halted in 

April 1944, and onsite, deep-well injection of liquid effluent was 

implemented. Between June 1944 and July 1946, Linde disposed of 

liquid waste in seven wells: one group of three wells east of 

Building 14 and another group of four near Buildings 30 and 38 

(Figure 1-5). The disposal wells ranged from 28 to 46 m (90 to 

150 ft) deep; some were drilled 9 to 12 m (30 to 40 ft) into 

bedrock (Aerospace 1981). These wells have been backfilled with 

trash (e.g., metal debris) by Linde and are not available for 
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sampling. The injection wells do not appear to be filled with 

grout. 
When the injection wells became blocked and backed-up, the 

effluent was discharged into a drainage ditch along the northern 
property boundary that discharged into a storm sewer conduit; the 

conduit emptied into Twomile Creek downstream of the dam that 

creates the Linde pond. Approximately 208 x 106 L (55 x 106 gal) 

of effluent was discharged into the seven disposal wells, and 

212 x 106 L (56 x 106 gal) of effluent was discharged into Twomile 

Creek via the storm sewer between June 1944 and July 1946 
(Aerospace 1981) . Historical records indicate that radium-226 and 

uranium-238 were the principal radioactive materials in the liquid 

effluent. 
From April 1944 to July 1946, the average concentration of 

uranium oxide in the liquid effluent was 0.026 g/L 
(Aerospace 1981). This concentration would imply that 5,600 kg 

(12,300 lb) of uranium oxide (i.e., 3.8 Ci of natural uranium) was 
released into the storm sewer leading to Twomile Creek, and 

5,400 kg (11,900 lb) of uranium oxide (i.e., 3.7 ci of natural 

uranium) were injected into the onsite wells. 
The amount of radium disposed of with the liquid effluent can 

be estimated based on the knowledge that the effluent was 

discharged when the radium-226 concentration in the waste reached a 
maximum of 2. 6 x 10-8 g/L (2. 2 x 10-10 lbjgal) {Aerospace 1981) ; 

however, the radium-226 concentration usually did not reach this 

level. Conservatively high estimates based on the total amount of 

liquid effluent discharged from both the domestic ores {low in 

radium) and the African ores (high in radium) indicated that the 

amount of radium-226 released into the sanitary sewer was 

approximately 2.6 Ci, the amount released into the storm drain was 

approximately 5.5 ci, and the amount injected into the wells was 

approximately 5.5 Ci. Because the mass of 1 Ci of radium-226 is 

equal to 1 g, the mass of radium released could have been 10 to 

15 g over a period of several years. Tests performed by the 

University of Rochester in 1945 indicate that the total amount of 

radium-226 disposed of with the liquid effluent could be as low as 

approximately 0.6 Ci (Aerospace 1981). 
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Renovation of the entire facility over the years has prompted 
the consolidation of contaminated materials. In 1977, before the 

construction of Building 90 began, soil contaminated during MED 
operations was removed from the construction area and placed in two 
windrows along the northern and eastern fences of the property and 

in the tailings pile on the northern portion of the property (see 

Figure 1-5). Between 1979 and 1982, the windrows and pile of 
contaminated material were consolidated into one uncovered pile 

west of Building 90. The pile of consolidated materials was 

covered in 1992. 

Previous Surveys 

Three radiological surveys have been performed at Linde to 
determine whether radioactive contaminants were present in excess 
of existing guidelines. The first was conducted by Oak Ridge 

National Laboratory (ORNL) during October and November 1976 
(ORNL 1978a). The survey included the following measurements: 

residual alpha and beta-gamma contamination levels in Buildings 30, 
31, 37, 38, and 14: external gamma radiation levels at 1m (3 ft) 
above the surface in these buildings and outdoors throughout the 

Linde property; radon and radon daughter concentrations in the air 
in these buildings; uranium-238, radium-226, actinium-227, and 

thorium-232 concentrations in the soil samples taken both onsite 

and offsite; uranium-235, uranium-234, radium-226, and thorium-230 
in surface water on and near the property; and airborne 

concentrations of uranium-238, radium-226, and thorium-232 in 
Building 30. 

The second survey was conducted by Ford, Bacon, & Davis Utah, 

Inc. (FBDU) in December 1981 (FBDU 1981a). The survey included the 

following measurements: residual alpha and beta-gamma 
contamination levels in Buildings 30, 31, 37, 38, and 14; external 

gamma radiation levels at 1 m (3 ft) above the surface in these 

buildings and outdoors throughout the L~nde property; radon and 

radon daughter concentrations in the air in these buildings; 

uranium-238, radium-226, and thorium-232 concentrations in onsite 

soil, surface water, and groundwater samples. 
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The third survey, conducted in 1981 by Oak Ridge Associated 

Universities (ORAD), consisted of the following measurements: 

uranium-238, uranium-235, radium-226, potassium-40, cesium-137, 

thorium-230, and thorium-232 concentrations in onsite and offsite 

soil, sediments, surface water (including a private well and city 

water), groundwater and onsite disposal/test wells, and sanitary 

and storm sewers (ORAU 1981) . This section summarizes the combined 

findings of all surveys. 

surface water. Background surface water samples were collected 

by ORAU at the five locations shown in Figure 1-9, at location W7 

in Figure 1-10, and from the Tonawanda municipal water supply 

(ORAU 1981). Additional offsite water samples were collected by 

ORNL and ORAU from Twomile Creek; ORNL collected one background 

sample (W8) upstream of the Linde outfall. ORAU also sampled a 

private well at 538 Twomile Creek Road (W13). The offsite sampling 

locations are shown in Figures 1-9 and 1-10. onsite water samples 

were collected by ORNL, FBDU, and ORAU from the storm and sanitary 

sewer systems, surface water, boreholes, a conveyor pit in 

Building 30, and two test wells developed near two of the original 

disposal wells (see Figures 1-5 and 1-11}. 

The radium concentration found in the conveyor pit (Table 1-2) 

may be the result of ore material from the conveyor that moved the 

ore from one location to another inside Building 30. 

Sediment. ORAU and ORNL collected sediment samples around 

Tonawanda to determine background levels for this area (see 

Figure 1-9) . Offsite sediment samples were collected from Twomile 

Creek at points upstream, downstream, and at the Linde discharge 

point (see Figure 1-10). ORAU collected onsite sediment samples 

from five storm sewers and two sanitary sewers that were part of 

the original sewer system that existed in the vicinity of the 

disposal wells (see Figures 1-5 and 1-12). Radionuclide 

concentrations in all sediment samples collected offsite were near 

background levels, except for uranium-238 at sampling locations M3 

and M5 and thorium-232 at M5 (Table 1-3). 

Although the sewers have undergone periodic cleanings since 

1946 (ORAU 1981), samples from the storm and sanitary sewers showed 

above-background levels for all radionuclides. 
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soil. The soil sampling program conducted by ORNL at the Linde 

property involved collecting 5 offsite samples (Figure 1-10) and 

drilling 35 boreholes around Buildings 14, 30, 31, 37, and 38 in 

the northwestern corner of the parking area and along a section of 

the Conrail line used to ship the ore. ORNL also drilled seven 

boreholes inside Building 30. To verify the ORNL results, FBDU 

drilled 20 boreholes in the same outside areas as ORNL and also 

drilled boreholes in Buildings 30 and 31. ORAU collected soil 

samples during the development of two new wells near two of the 

injection wells. 
Onsite soil samples collected in the ORNL, FBDU, and ORAU 

surveys (Figure 1-13) were analyzed for radium-226, uranium-235, 

uranium-238, and thorium-232. On the basis of these surveys (which 

did not take into account the possible presence of thorium-230), 

the following principal areas of contamination were identified: 

• The northwestern corner of the main parking area 

• The northeastern corner of the plant and the Linde spur of 
the Conrail line 

• The soil beneath Building 30, within 6.1 m (20 ft) of 

Building 30 on the western and southern sides, and within 

12 m (40 ft) of the eastern side of the building 

The northwestern corner of the parking area was contaminated 

with radium-226 and uranium-238 to an average depth of 0.9 m 

(3ft); the highest concentrations were 13 and 4,500 pCi/g, 

respectively (ORNL 1978a). The northeastern corner of the property 

was contaminated with radium-226 and uranium-238 at maximum 

concentrations of 6.9 and 139 pCifg, respectively; the average 

depth of contamination was estimated to be 0.3 m (1ft). The 
principal contaminants in the soil beneath and around Building 30 

were radium-226 and uranium-238. The maximum concentrations (based 

on the ORNL survey) were 813 and 1,370 pCifg, respectively, and the 

average depth of contamination was given as 0.3 m (1 ft): however, 
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the FBDU survey (FBDU 1981a} indicated contamination as deep as 

2.4 m (8ft). 

Buildings. The 1976 survey found the interior surfaces of 

Buildings 14, 30, 31, 37, and 38 to be radioactively contaminated 

(ORNL 1978a). In 1980 the property owner decontaminated 

Buildings 14 and 37 by removing the contaminated cement flooring 

and cement wall surfaces until levels below twice the background 

level were reached. Contaminated material was temporary placed in 

the tailings pile until consolidated into the pile west of 

Building 90 (BNI 1992a). During the 1981 survey, Buildings 30, 31, 

and 38 were sp~t-surveyed to verify the results of the 1976 survey, 

and Buildings 14 and 37 were resurveyed (FBDU 1981a). FBDU also 

surveyed Building 90, which was constructed between 1977 and 1981. 

After the survey in 1981, Building 37 was demolished. Debris 

showing radioactivity exceeding twice the background level was 

placed on the tailings pile until moved to the pile west of 

Building 90; uncontaminated debris was disposed of conventionally 

(i.e., taken to the Town of Tonawanda landfill) (BNI 1992a). 

Building 14: Building 14 was used as a pilot plant during the 

early part of the uranium operations. Because it 

had been decontaminated by the site owner after 

the ORNL survey, FBDU made a complete 

radiological survey of the building in 1981. The 

maximum external gamma radiation reading from 

this survey was 20 ~R/h, including background. 

The maximum observed direct (fixed) alpha 

contamination level was 120 dpm/100 cm2 at one 

location; all other readings were less than the 

DOE guideline of 100 dpm/100 cm2 • Transferable 

alpha contamination was less than 20 dpm/100 cm2 

throughout the building, and beta-gamma 

contamination at all locations was less than 
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0.2 mradfh. Radon daughter concentrations were 

measured at less than 0.015 WL. The building was 

considered by FBDU to be free of contamination. 
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Building 30: The FBDU survey found that most of the floor 

area, rafters, walls, and ceilings of Building 30 

exceeded DOE guidelines for both fixed and 

transferable contamination. Fixed radioactivity 

on exhaust fans was also above guidelines. 

Building 30 may originally have had a dirt floor 

that became radioactively contaminated during 

uranium processing. Later, a concrete floor was 

poured over the dirt floor, leaving subsurface 

radioactive contamination in the soil beneath the 

concrete. 

Building 31: The FBDU survey found that surface contamination 

in Building 31 was below DOE criteria at all 

measurement locations; ORNL reported removable 

alpha levels of 300 dpm/100 cm2 in the roof 

vents. Because these roof vents were normally 

inaccessible and the readings do not exceed 

guidelines, they were not considered to be a 

problem (ORNL 1978a). 

FBDU personnel measured radon daughter 

concentrations above 0.03 WL at two different 

locations in Building 31 and during two different 

time periods. This finding was not explained or 

confirmed by other surveys. 

Building 37: This very small building was decontaminated in 

1980 following the 1976 ORNL survey, and no 

radioactive material exceeding DOE criteria was 

detected by the FBDU survey. There is no 

documentation of the procedures used for 

decontamination. 
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Building 38: Alpha contamination exceeding DOE guidelines was 
found by the FBDU survey at several locations on 

the rafters and ceiling. Beta-gamma readings 
exceeded 0.2 mradfh at most points on the floor 
where measurements were possible; equipment 

stored in some areas restricted the surveys. 
Building 38 is considered to be radioactively 

contaminated. 

Building 90: Before Building 90 was constructed, residual low
level contaminated soil was removed from the 
construction area and placed in two windrows 

along the northern and eastern fences and in one 
small pile in the northern part of the property. 
The FBDU survey found no radiation readings above 
natural background in Building 90, and radon flux 
through the floor of the building was less than 

0.1 pCi/m2/s (ORNL 1978a). 

In summary, the building surveys determined that the radiological 
conditions of the buildings were as follows: 

• Building 14: 

• Building 30: 

• Building 31: 

• Building 37: 

• Building 38: 

• Building 90: 
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free of contamination 

elevated levels of alpha, beta, and gamma 
activity on the walls and ceiling and beneath 
the concrete floor 

free of contamination 
free of contamination 

elevated levels of alpha, beta, and gamma 
activity on the floor, walls, and ceiling 
free of contamination 
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1.3.3 Ashland 1 

Description 

The Ashland 1 property is in an industrialized area in 

Tonawanda, approximately 4.8 km (3 mi) northwest of Buffalo. 

Formerly known as the Haist property, Ashland 1 is a 4.4-ha 

(10.8-acre) tract owned since 1960 by Ashland Oil Company as pa~t 

of an oil refinery. The property, located southwest of Seaway, is 

only a small part of the Ashland facility. Land along the northern 

and western boundaries of Ashland 1 is also owned by Ashland Oil 

Company (Figure 1-14). Penn Central Transportation Company owns a 

strip of land along the eastern boundary. A fuel gas distribution 

center that is occupied for only a few hours each month is the only 

building on the property. The property is divided into three 

sections by berms. Land near Ashland 1 is used for individual, 

commercial, public, and residential purposes. 

Utilities 

Two petroleum product storage tanks formerly located in a 

bermed area on the Ashland 1 property were dismantled and removed 

in 1989, along with the associated piping. Water is supplied to 

the storage tank area by a 25-cm (10-in.) main that traverses the 

western side of the property beginning at the former refinery. A 

20-cm (8-in.) branch connects to a fire hydrant in the southeastern 

corner of the storage tank area just outside the berm. The bermed 

storage tank area is drained through a 25-cm (10-in.) pipe that 

empties into a drain box and then into a drainage ditch. 

An electrical substation located in the southwestern corner of 

the property is connected to a power line that runs along the 

western boundary. There are no overhead electrical lines on the 

property. 

An Iroquois Gas Company receiving and metering station is 

located in the southeastern corner of the property. The fuel gas 

distribution station has had no other uses. A 0.3-m (1-ft) gas 
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line runs along the eastern edge of the property in an 18-m (54-ft) 

easement. 
Figure 1-15 shows the utilities and pipelines at Ashland 1, 

Ashland 2, and Seaway. 

History 

On June 25, 1943, the Haist property was leased by MED for the 

federal government. On August 21, 1944, MED purchased the property 

from C. H. Wood, K. F. Russel, E. Haist, R. Haist, and H. Haist. A 

perpetual easement for access to the property (1.8 to 2.6 ha (4 to 

6 acres)] was also purchased. Between 1944 and 1946, the Haist 

property served as a disposal site for approximately 7,250 metric 

tonnes (8,000 tons) of ore refinery residues generated by Linde. 

The residues, containing approximately 0.54 percent uranium oxide, 

were spread over roughly two-thirds of the property to estimated 

depths of 0.3 to 1.5 m (1 to 5 ft). In 1949 the property was 

assigned to the jurisdiction of the General Services 

Administration. 

Following a radiological survey in 1958 by the Environmental 

Measurements Laboratory, AEC released the former Haist property for 

use without removal of the residues (ORNL 1978b), and in 1960 

ownership of the property was transferred to Ashland Oil Company. 

In 1974 Ashland Oil constructed bermed areas on the Ashland 1 

property to hold two petroleum product storage tanks. Most of the 

soil removed during construction of the bermed area and the 

drainage ditch was deposited on the Seaway and Ashland 2 

properties. The storage tanks were removed by Ashland Oil in 1989, 

but the berms were left. 

Previous surveys 

Three radiological surveys were performed at Ashland 1 to 

determine whether radioactive contaminants were present in excess 

of existing guidelines. The first survey was conducted by ORNL 

during October and November 1978 (ORNL 1978b). The survey measured 
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the following: radium-226, thorium-232, uranium-234, uranium-238, 

uranium-235, and thorium-230 in surface water; radium-226 and 

uranium-238 in sediment; external gamma radiation in surface soils; 

radium-226, thorium-232, uranium-238, actinium-227, and 

potassium-40 in subsurface soils; and radon daughters in the 
Ashland 1 building. 

The second survey was a walkover gamma scan (BNI 1988a). The 

third survey was conducted in two phases (Engineering-

Science 1989). Phase I included sampling and analysis for organic 

compounds on the Hazardous Substances List (HSL) [volatiles, 
semivolatiles, and pesticides/polychlorinated biphenyls (PCBs)], 

total organic halides (TOX), as well as gross alpha and gross beta 
radiation, radium-226, thorium-232, and uranium-238 in groundwater, 

surface water, and sediment. Phase II included investigation of 

the hydrogeological characteristics of the Ashland area. 
surface water. ORNL and Engineering-Science collected surface 

water samples from Ashland 1, Ashland 2, and Seaway drainage paths 

to the Niagara River (Figure 1-16). Analytical results indicated 

that radionuclide concentrations in surface water are above 

background for the Tonawanda area (Table 1-4); the downgradient 
concentrations of radium-226, thorium-232, uranium-238, gross 

alpha, and gross beta were three times greater than the upgradient 
concentrations (Engineering-Science 1989). 

Four HSL organic compounds were detected in the surface water 

samples collected by Engineering-Science. Results for methylene 

chloride, acetone, and 1,1,1-trichloroethane were rejected because 

of laboratory contamination. One of two sample results indicating 

the presence of bis(2-ethylhexyl)phthalate was also rejected 
because of laboratory contamination. The other 

bis(2-ethylhexyl)phthalate result (for location ES-1) was an 

estimated value of 4.7 #g/L (Engineering-Science 1989). 

sediment. ORNL and Engineering-Science collected sediment 

samples from Ashland 1, Ashland 2, and Seaway drainage paths 

(Figure 1-16). Sampling results indicate that radium-226, 

thorium-232, and uranium-238 are present in sediment above 

background levels (Table 1-5). The highest concentrations of 

radium-226 in surface samples (26.4 and 16.1 pCi/g) were found near 
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the material that was transported by the Ashland oil Company to 

Seaway in 1974 (ORNL 1978b). In samples taken from the drainage 

paths between the former Haist property and the Niagara River, the 

highest concentration was found in Rattlesnake Creek, which 

receives drainage from Ashland 2 and Seaway. The highest 

uranium-238 concentration was from a sample collected near the 

residues disposed of along the eastern boundary of Seaway. 

Six HSL organic compounds were detected in sediment samples 

(Engineering-Science 1989). Results are shown in Table 1-6. 

Soil. A 1978 survey employed walkover gamma scans in 

conjunction with borehole drilling and soil sampling (ORNL 1978b) . 

A limited walkover survey with limited surface soil sampling was 

conducted in 1986 (BNI 1988a). 

During the 1978 survey, three methods were used to assess 

radiological conditions of the soil. The first method was a 

walkover survey to identify locations of surface gamma-emitting 

radionuclides. The second involved drilling boreholes and gamma

logging with a gamma scintillation detector to indicate the depth 

of gamma-emitting radionuclides. The third method consisted of 

obtaining borehole soil samples at 0.3-m (1-ft) intervals to 

provide information about the identities and concentrations of any 

radionuclides present; elevated levels of radioactivity were found 

over almost the entire property from the surface to a depth of 

2.1 m (7ft) (ORNL 1978b). The 1986 walkover survey (BNI 1988a) 

indicated surface contamination in the same general areas shown by 

the 1978 survey (Figure 1-14). 

Station. The only parameter measured inside the fuel gas 

distribution station was the concentration of radon daughters; 

measurements obtained in 1976 indicated a concentration of 

0.002 WL. Based on historical use of the property, there is no 

reason to suspect that the station is radioactively contaminated 

(ORNL 1978b). 
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1.3.4 Ashland 2 

Description 

The Ashland 2 property is a roughly rectangular, 47-ha 

(115-acre) parcel of land located at 4545 River Road in Tonawanda; 

it is bounded by commercial property owned by Niagara Mohawk Power 

Corporation, Benson Development Company, and G. K. Hambleton (see 

Figure 1-14). For the purposes of sampling during the RI, 

Ashland 2 was divided into two areas: the area west of Rattlesnake 

Creek was designated Ashland 2, and the area east of Rattlesnake 

Creek was designated Ashland 2 South. The property is primarily 

vacant and overgrown with grass and weeds; no commercial operations 

are currently conducted on the property. 

Utilities 

No utilities are known to be located on Ashland 2; utilities in 

the general area include water, electricity and gas (see 

Figure 1-15). A petroleum product storage tank is located in a 

fenced area in the southwestern corner of the property. Niagara 

Mohawk Power Corporation high-voltage transmission-lines run 

parallel to the property on the southwest. There are no overhead 

electrical lines on Ashland 2. 

History 

From 1957 to 1982, a portion of the Ashland 2 property was used 

by Ashland Oil as a landfill for disposal of general plant refuse 

(wood, tires, trash) and industrial and chemical by-products. The 

industrial wastes were estimated to be composed of 4.5 metric 

tonnes (5 tons) per year of phosphoric acid polymerization 

catalyst, 65.5 metric tonnes (72 tons) per year of lime slurry 

sludge, and 45.5 metric tonnes (50 tons) per year of spent clay. 

The phosphoric acid polymerization catalyst was used in the 

petroleum refining process to absorb impurities (dirt and coke 

materials). The spent lime material was generated during the 
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treatment of process wastewater from the petroleum plant. The lime 

material (approximately 90 percent solids) was piled at the 

landfill site and allowed to drain and dry. The clay material was 

used for color control of jet fuel. The clay was scrubbed 

(steamed) to drive off the absorbed hydrocarbons before it was 

placed in the landfill. The industrial landfill was closed by 

Ashland Oil in 1982 and covered with 0.6 m (2 ft) of clay 

(Engineering-Science 1986). 

From 1974 to 1982, Ashland Oil transported an unknown quantity 

of soil mixed with radioactive residues from Ashland 1 to an area 

east of the Ashland 2 industrial landfill. 

Previous surveys 

Four surveys were performed at Ashland 2 to evaluate the 

radioactive contaminants and hydrogeological characteristics of the 

property. In 1976 surface water samples were taken at the point 

where the Ashland 1 drainage pathway passes through Ashland 2 

(ORNL 1978b). Two soil samples were collected by ORNL in 1980. In 

1986 a walkover survey of Ashland 2 was performed (BNI 1988a). 

Also in 1986, Phase I of an investigation of the inactive 

industrial landfill on Ashland 2 was conducted by Engineering

Science under contract to the New York state Department of 

Environmental Conservation (NYSDEC). Chemical and radiological 

analyses were performed on surface water and soil samples from the 

drainage ditch (Rattlesnake Creek) that conveys surface water 

runoff from Ashland 1, the Seaway landfill, and Ashland 2 

(Engineering-Science 1989). During Phase II of the landfill 

investigation, in 1988, hydrogeological characteristics of the 

Ashland area and chemicals and radionuclides in surface water, 

sediment, and groundwater were investigated 

(Engineering-Science 1989). 

Surface water and sediment. Radiological results for surface 

water from Ashland 2 were reported in the discussion of previous 

surveys at Ashland 1 (see Table 1-4 for results). Radiological 

results for sediment samples taken at drainage pathways from 

Ashland 1, Ashland 2, and Seaway are presented in Table 1-5. In 
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general, elevated concentrations of radionuclides in these pathways 

are believed to have originated at either Ashland 1 or Seaway. In 

1979 surface water quality in the Ashland 2 area was studied to 

determine the effects of local industrial operations (Wehran 1979). 

The study suggested that leachate from Seaway was entering the 

surface drainage channels on Ashland 2 from seeps along the toe of 

the Seaway property and by infiltration into the drainage pipe 

beneath seaway. Figure 1-17 shows surface water sampling 

locations. Two sampling points (SS3 and SS4) were in drainage 

channels upstream of Ashland 2. Analytical results (Table 1-7) 

from SS3 and SS4 s~owed that surface water at these locations 

contained the same constituents as the water table in the Seaway 

landfill. Water quality at SS6 was poor. Analytical results 

showed that measured water quality parameters at SS4 were higher 

than at the location upstream (SS8), indicating contamination by 

leachate from Seaway; however, the quality of water in the combined 

drainage channel near Twomile Creek (SS11) was found to be 

generally good. Water quality data for samples taken near Twomile 

Creek and samples taken from the channels near the landfill 

indicate that the drainage channel is capable of assimilating 

pollutants from upstream sources. Concentrations of most 

parameters in surface water decrease from the upstream sampling 

points to the downstream point near Twomile Creek. 

A second study of surface water quality in the vicinity of 

Ashland 2 was conducted in 1986 to determine whether the chemical 

landfill at Ashland 2 was affecting water quality (Engineering

Science 1986). Results presented in Table 1-8 suggest that 

benzene, toluene, and phenol are leaching from the area between 

sampling locations 3 and 4 (the area of Ashland 2). Location 4 

exhibited an increase in PCB concentrations. Concentrations of 

metals did not appear to vary significantly among the four sampling 

locations, with two exceptions: iron increased steadily from 

location 1 to location 4, and manganese increased between 

locations 3 and 4. 

Poor water quality in these drainage channels has killed fish 

in the Twomile Creek area. In 1974 leachate with a high ammonia 

concentration from Seaway Landfill was responsible for killing fish 
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in the Twomile Creek area (Erie and Niagara counties Regional 

Planning Board 1978). 
In 1988 two surface water samples were analyzed for volatile 

organic compounds (VOCs) and base/neutral and acid extractable 
(BNAE) compounds (Engineering-Science 1989). Methylene chloride, 
acetone, 1,1,1-trichloroethane, and bis(2-ethylhexyl)phthalate were 
detected, but the analytical results were rejected because of 

laboratory contamination. 
Soil. The following excerpt from the report on the walkover 

survey performed in 1986 describes survey findings (BNI 1988a): 

The original area designated Ashland 2 •.. measures 
1,600 ft x 800 ft. The entire area was not accessible to 
scanning due to heavy brush and swamp. One portion is 
designated by Ashland Oil as "Fill Area" on their property 
maps. Although other areas have obviously had some dumping, 
only the designated "Fill Area" showed evidence of 
contamination. 

Fill Area is noted as 600 ft x 500 ft on the Ashland Oil maps. 
A clay cap has been placed on the western portion of the fill. 
The eastern portion has not been capped and exhibits gamma 
readings up to 140 ~R/h. This contaminated area extends down 
the slopes of the "Fill Area 11 into running waterjswamp at two 
locations. 

1. to the northwest with readings to 90 J£R/h 
2. to the east of unknown extent into swamp with 

readings to 55 ~R/h 

Estimated area of known contamination is at least 2 acres. Two 
soil samples were taken by ORNL in January of 1980. These 
indicated radium-226 concentration of 30 and 70 pCi/g and 
uranium-238 concentration of 160 and 1,100 pCi/g. 

The approximate area of elevated surface radioactivity, shown in 
Figure 1-14, may extend onto an adjacent property. An area is 
considered to have elevated radioactivity if the gamma radiation 

level is twice the background level of 11,000 cpm (approximately 

10 J.tR/h). 
A portion of Ashland 2 was operated as a landfill for disposal 

of phosphoric acid polymerization catalyst, lime slurry, and spent 

clay (Engineering-Science 1986). During 1987 a preliminary 
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geological and hydrogeological investigation of Ashland 2 South was 

conducted; limited chemical sampling was also performed (BNI 1987). 

No hazardous substances were identified in the soil, groundwater, 

or air samples taken from boreholes. Organic compounds that are 

probably related to the oil refining process but are not on the EPA 

HSL were identified in one of the air samples collected from the 

headspace of a borehole. These compounds were propane, butane, 

pentane, and isopentane. The volatile organics identified in this 

sample were benzene, toluene, ethylbenzene, and xylene (BTEX). 

Numerous volatile organics tentatively identified as alkanes and 

cycloalkanes were also detected. 

Composite samples collected from an unvegetated area at 

Ashland 2 South were found to contain high PAH concentrations 

(BNI 1987). BNAE compounds detected in these samples included 

2-methylnaphthalene, phenanthrene, fluoranthene, pyrene, 

benzo(a)anthracene, bis(2-ethylhexyl)phthalate, chrysene, and 

benzo(a)pyrene. With the exception of bis(2-ethylhexyl)phthalate, 

these compounds fall within the PAH classification; their detection 

indicates waste oils (by-products of an oil refining process) . The 

physical characteristics of the material and the organic 

constituents suggest that the raised, unvegetated area was used for 

disposal of oil refinery residues. 

Groundwater. In 1988 and 1989, groundwater samples were 

collected from four monitoring wells {Figure 1-16) and analyzed for 

HSL organic compounds, gross alpha radiation, and gross beta 

radiation (Engineering-Science 1989). 

Seven HSL organic compounds were detected in the groundwater 

samples (Table 1-9). One compound, bis(2-ethylhexyl)phthalate, was 

present in well GW-4 at a concentration that was more than three 

times the concentration found in GW-17 and GW-19. 

Bis(2-ethylhexyl)phthalate detected in GW-3 was rejected during 

data validation because it was detected in a laboratory blank 

analyzed with GW-3. Bis(2-ethylhexyl)phthalate is a common 

plasticizer, and its presence may also have been introduced during 

sampling and analysis (Engineering-Science 1989). 

503-0061 (12/28/92) 1-29 



The concentrations of gross beta in wells GW-3, GW-4, and GW-17 

were in excess of three times the concentration in GW-19 

(Engineering-Science 1989). 

1.3.5 Seaway 

Description 

Seaway Industrial Park is a 38-ha (93-acre) sanitary landfill 

owned by the Seaway Industrial Park Development Company and 

operated by Browning-Ferris Industries (BFI). The sanitary 

landfill is currently operational and receives solid waste. 
Radioactive materials have been disposed of on approximately 5.3 ha 

(13 acres) of the landfill (DOE 1980). Two small buildings that 

serve as check-in and weigh-in stations for trucks entering the 

property are located on the northwestern corner of the property. 

utilities 

The two small buildings on the property are served by 

commercial utilities such as water, sewage, electricity, and phone 

service (see Figure 1-15); utilities are not known to extend to 

other locations on the property. 

A 1-m- (3-ft-) diameter, reinforced concrete pipe (RCP) 

transects the property and passes beneath the landfill. The RCP 

carries stormwater from ditches at Ashland 1 to ditches at 

Ashland 2. The condition of the RCP is not known; if leachate from 

the landfill is infiltrating the RCP, the RCP may also carry 
leachate from the landfill to Ashland 2. 

History 

In 1974 approximately 4,588 m3 (6,000 yd3 ) of residue, composed 

of low-grade uranium ore tailings, was excavated by Ashland Oil 

from Ashland 1 and was disposed of on three areas (Areas A, B, 

and c, as shown in Figure 1-14) of the landfill (Wehran 1979). 

Since 1974 portions of the residues (in Areas B and C and part of 
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Area A) have been buried under refuse and fill material. NYSDEC 

has requested that BFI refrain from depositing any additional 

refuse on Area A. 

A fourth area of radioactive contamination, Area D (see 

Figure 1-14), is on the southeastern border of the Seaway property 

and is contiguous with the contamination on Ashland 1. These 

residues were probably inadvertently spread across the Ashland 1 

property line during the soil-moving operations at Ashland 1, the 

installation of a 1.2-m (4-ft) bentonite wall around Seaway, and 

the shaping of a drainage ditch in the area (BNI 1988a). 

Table 1-10 lists the commercial users of the landfill, the 

types and approximate quantities of waste received by the landfill 

from each user, and the periods during which the wastes were 

disposed of. 

Previous surveys 

Seaway has been characterized several times (ORNL 1978c, 

FBDU 1981b, BNI 1988a). These surveys provided information on the 

extent of radioactive contamination in soil, groundwater, surface 

water, and sediments. Soil and groundwater investigations are 

detailed below. Characterization results for surface water and 

sediments are provided in Sections 1.3.3 and 1.3.4. 

Soil. Four distinct areas of radioactive contamination (A, B, 

c, and D) were found during the three surveys. Active operation of 

the landfill has altered the physical conditions of the property, 

and the locat:ions of the contamination vary from survey to survey. 

During the 1976 survey (ORNL 1978c), the depth and extent of 

contamination in ·Areas A, B, and C were investigated by collecting 

samples from 60 locations, typically to a depth of about 0.6 m 

(2 ft). In s.ome cases, samples were collected to a depth of 2 m 

(6.5 ft). At that time, contamination was found to be in the upper 

0.6 m (2 ft) of the soil. Maximum radium-226 and uranium-238 

concentrations in Area A were reported to be 50.8 and 63 pCifg, 

respectively. Maximum radium-226 and uranium-238 concentrations in 

Area B were reported as 92.6 and 102 pCi/g, respectively 

(ORNL 1978c). Survey results showed radioactivity in the general 
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areas of the residue deposition and a small area in the drainage 

ditch leading north from Area A. 

Seaway was next surveyed in 1981 (FBDU 1981b); results 

generally confirmed the 1976 results and indicated that 

contamination was located within the top 0.3 to 1 m (1 to 3 ft) of 

the landfill soil. Between these two surveys, the radioactive 

material in Area A was apparently stable. However, radioactive 

material in Area C had washed down the slopes to the south, 

approaching the access road at the back of the landfill 

(BNI 1988a). 

In 1988 a walkover gamma scan of the seaway pr~perty was 

performed to gain current information on the distribution of 

radioactive materials in the landfill (BNI 1988a); radioactive 

material in Area A appeared to have been disturbed by placement and 

shaping of landfill material. Radioactive contamination had moved 

down the northern slopes of Area A as much as 23 m (75 ft) toward 

the Niagara Mohawk property (Figure 1-14). Areas Band C could. not 

be found by surface scanning. Based on comparisons of topographic 

maps of the landfill made in 1976 and 1986, it is estimated that 

Areas B and c had been covered with up to 12 m (40 ft) of fill 

material and refuse, and that approximately 40 percent of Area A 

had been covered wi~h a similar, but thinner, layer of material 

[0 to 3m (0 to 10ft)]. During the survey, radioactive 

contamination was also found to extend over the Seaway/Ashland 1 

boundary. This small area of contamination is referred to as Area 

D (Figure 1-14). 

The landfill is known to have received a variety of industrial 

wastes (Table 1-10), including fly ash; waste oils; spent solvents; 

sludges; oil sludges; DuPont's "Corian," "Vexar," and "Tedlar" 

wastes; and miscellaneous industrial wastes (Wehran 1979). 

Groundwater. In 1979 a hydrogeological investigation of the 

Seaway landfill was conducted (Wehran 1979). The investigation 

included drilling 3 groundwater monitoring wells (W1 through W3) 

and 5 exploratory boreholes (Bl through B5) and excavating 22 test 

pits (TPl through TP22). 
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The monitoring wells were cored into bedrock and screened in 

the camillus Shale. Samples were collected from the monitoring 

wells on three occasions {Table 1-11). The following discussion is 

excerpted from the Wehran report: 

With the exception of slightly elevated levels for total 
halogenated organics and COD (chemical oxygen demand], water 
quality for the March 23, 1979 sampling is very similar to that 
typically found in local wells that are screened in the 
Camillus Shale. Groundwater in the Camillus Shale is hard, of 
very poor quality, and characterized by high calcium, 
magnesium, sulfate, chloride, and conductivity. 

Data for the April 11, 1979 sampling is very ambiguous, 
particularly in terms of the total halogenated organics, 
mercury, and PCB analyses. Although PCBs were not detected in 
the March analyses, they were detected in April. Data was 
particularly disturbing for well W2, which also demonstrated a 
significant increase in total Halogenated organic 
concentrations. Mercury, which was below levels of 
detectability for the March sampling, demonstrated values in 
the low parts per billion range in the April sampling. Because 
of this ambiguity, the wells, following extensive bailing, were 
resampled on May 11, 1979 and analyzed for total halogenated 
organics and PCBs. PCB concentrations were significantly lower 
for the May sampling when compared to the April sampling. The 
same was true for the total halogenated organics concentration 
in wells W2 and W3. The fact that a dilution effect was 
observed between May and April sampling tends to indicate that 
concentrations observed in April were not typical, and that the 
sample may have been contaminated. 

It might be argued that the presence of these constituents 
in the groundwater are indicative of leachate contamination 
from the landfill. If leachate has in fact contaminated the 
aquifer, groundwater quality should mimic leachate quality. 
comparison of the data for these bedrock wells with water 
quality data obtained for testpits screened within the landfill 
does not demonstrate this. 

Borings B1 and B2 were sampled once to investigate the Recent 

alluvial deposits underlying the landfill. The alluvial deposits 

occur within two stream channels that transect the property in an 

east-west direction. The southern and larger of the two channels 

proceeds in an easterly direction across adjacent properties, 

ultimately joining Twomile Creek. Boring B-2 was screened in this 

southerly channel at the point where the channel emerges from 

beneath the landfill. The northern stream channel also proceeds in 

an easterly direction and eventually joins the southern drainage 

channel. Boring B-1 was screened in the northern channel. Data 
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concerning water quality for samples collected from the boreholes 

are presented in Table 1-12. 

:ater quality in the deposits resembled the water quality in 

samples collected from the saturated zone of the landfill. 

Parameters demonstrating this relationship included COD, chlorides, 

conductivity, TOX, and manganese (Wehran 1979). Evidence that the 

landfill leachate was migrating into the Recent alluvial deposits 

confirmed Wehran's hydrogeologic conclusions concerning groundwater 

discharge. The investigation showed that the discharge from the 

landfill tended to concentrate at points of topographic lows (e.g., 

the two drainage channels) and, therefore, any contamination of the 

alluvial deposits should manifest itself as surface water 

contamination. The groundwater in the deposits was assumed to 

discharge into the associated stream channels because the extremely 

low permeability of the clayey till and glacial lake clay 

formations underlying the alluvial deposits essentially precluded 

the further downward migration of leachate. 

Test pits TP1, TP5, TP10, TP13, TP14, TP18, and TP21 were 

sampled once to investigate the quality of the water contained 

within the waste materials disposed of at Seaway. Analytical data 

for water samples collected from the seven test pits are summarized 

in Table 1-13. 

Because groundwater in the landfill was in contact with the 

landfill materials, Wehran considered the water samples to 

represent the leachate contained within the landfill. The samples 

were used to provide information on the types of wastes in the 

landfill and the potential hazard related to groundwater and 

surface water contamination. 

The samples indicated elevated concentrations of the following 

metals: arsenic (TP5 only), cadmium (TP1, TP10, TP18), iron (TP13, 

TP14, TP21), and manganese (TP1, TP5, TP13, TP14, TP21). The types 

of waste products contributing to the elevated concentrations of 

metals in the landfill include fly ash, waste oils, electroplating 

wastes, incinerator ash, foundry sands and related waste sands, 

pretreatment sludges, and filter sludges (Wehran 1979). 
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The landfill has historically accepted foundry sand wastes from 

local industries, which, until recently, employed phenols as 

binders (Wehran 1979). Phenol concentrations were generally low, 

probably as a result of the biological oxidation of these compounds 

within the landfill. The biodegradability of phenols would also 

contribute to these low concentrations. 

In view of past and present deposition of both municipal and 

commercial solid waste at the landfill, elevated concentrations of 

ammonia, COD, sulfate, chloride, conductivity, and total organic 

carbon (TOC) were expected. Various industrial wastes deposited at 

the property also contribute to these elevated contaminant 

concentrations (Wehran 1979). 

TOC concentrations detected ranged from 0.2 to 1.6 ppb. The 

low concentrations may indicate that significant quantities of 

halogenated organics are not being disposed of in the landfill 

(Wehran 1979). 

The presence of PCBs in the landfill groundwater may be 

indicative of the disposal at this property of waste oils, oil 

sludges, and heat transfer oils contaminated with PCBs. Seaway 

management indicated that waste oils have been used in the past for 

road dust control (Wehran 1979). Wehran noted that both test pits 

showing PCBs were located on the perimeter of the property and that 

possible contamination from adjacent properties cannot be 

discounted. 

1.3.6 Previous Hydrogeological Investigations 

In 1979 Wehran Engineering and Recra Research, Inc., jointly 

conducted a hydrogeological investigation of the Seaway landfill 

(Wehran 1979). The investigation included drilling 3 groundwater 

monitoring wells and 5 exploratory boreholes and excavating 22 test 

pits. 

The groundwater monitoring wells permitted sampling of the 

groundwater and investigation of the bedrock characteristics. The 

boreholes were drilled to a minimum depth of 6 m (20 ft) below the 

base of the landfill to permit characterization of the alluvial 
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deposits underlying the landfill. The test pits were excavated 

primarily to allow mapping of the groundwater table. 

Groundwater was encountered on the property in three forms: 

(1) as a groundwater table within the landfill and the Recent 

alluvial deposits, (2) as largely immobilized interstitial water 

within the composite aquiclude represented by the upper, clayey 

glacial till, and the glaciolacustrine clay unit, and (3) the 

confined aquifer of the camillus Shale, which to some degree is in 

hydraulic continuity with the basal glaciolacustrine unit and the 

lower, sandy glacial till (Wehran 1979). 

Landfill water table and alluvial deposits. Groundwater under 

confined conditions was found within virtually all portions of the 

landfill and the permeable Recent alluvial deposits (Wehran 1979). 

The base of this upper water-bearing zone corresponds to the top of 

the impervious clayey till or glaciolacustrine clay. The top of 

the zone of saturation is a variable surface subject to seasonal 

fluctuations in response to differential rates of recharge 

(Wehran 1979). The elevations of the water table within the 

landfill as measured by Wehran are presented in Table 1-14. 

The groundwater table within the landfill was found to be 

radially discharging around the landfill perimeter and the existing 

interior drainage channel, ultimately reaching the numerous 

surrounding drainage channels (Wehran 1979). 

Leachate was found to be migrating ·vertically into the 

localized Recent alluvial deposits, with the majority of the 

discharge entering the drainage channels. The alluvial deposits 

were generally fine-grained, but graded to coarser, more permeable 

sands toward their base (Wehran 1979). 

Upper clayey glacial till and glaciolacustrine clay aquiclude. 

The aquiclude serves to hydrologically separate groundwater in the 

landfill and Recent alluvial deposits from the deeper groundwater 

within ·the Camillus Shale (Wehran 1979). 

The combined thickness of the two aquiclude strata varies 

between 14 and 23m (45 and 75ft), with the average being roughly 

18m (60ft). The permeability of both units was determined to be 

approximately 1.6 x 10-8 cmfs; the seepage velocity through the 

aquiclude is approximately 1.2 cmjyr (0.5 in.fyr) (Wehran 1979). 
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The hydrologic properties of this natural aquiclude can be 

compared with EPA's proposed criteria for liners of hazardous waste 

landfills (Federal Register, December 18, 1978). The regulations 

require a landfill liner to consist of 1.5 m (5 ft) of in situ clay 

with a maximum permeability of 1 x 10-7 cmfs. The in situ 

aquiclude beneath the Seaway and Ashland properties is almost an 
order of magnitude less permeable than this standard and is more 

than ten times as thick. 
Camillus Shale. Natural groundwater quality in the Camillus 

Shale was found to be very poor based on parameters indicative of 
groundwater quality (e.g., total dissolved solids, specific 

conductance, chlorides) (Wehran 1979, LaSala 1968). 

Groundwater within the Camillus Shale exists in numerous joints 

and bedding planes that transect the bedrock. The secondary 
permeability of the Camillus Shale is enhanced as a result of the 

dissolution of gypsum beds, which are highly soluble. The water
bearing nature of the shale is described as follows (LaSala 1968): 

Large-yield wells, such as those at Tonawanda and North 
Tonawanda, obtain water from thin intervals of gypsum-bearing 
rock. The gypsum in the Camillus Shale obviously is related to 
the occurrence of large quantities of water. Gypsum is a 
highly soluble mineral and is dissolved by circulating 
groundwater faster than the enclosing rocks. Very likely the 
openings in the Camillus Shale that yield copious amounts of 
water were formed by the solution of gypsum by groundwater. 
The water-bearing zones are mainly horizontal because most of 
the gypsum occurs in horizontal beds and thin zones of 
gypsiferous shale and dolomite. Only those gypsum zones 
actually exposed to circulating groundwater can be widened by 
solution. 

The Camillus Shale is the most productive bedrock aquifer in 

the region; transmissivity is reported to vary from 7,000 to 

80,000 gpd/ft (LaSala 1968). 

Groundwater flow in the Camillus Shale aquifer appeared to be 

in a southerly direction (i.e., in opposition to the northern flow 

gradient expected under the natural hydrogeologic conditions). The 

presence of the southerly gradient may indicate the influence of a 

major pumping station to the south (Wehran 1979). A number of 

high-capacity industrial wells are located in the area south of the 
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landfill. These wells, owned by the Linde Division of Allied 
Chemical, the Goodyear Tire and Rubber Company, and E.I. DuPont de 

Nemours and Company were reported to !.ave yields from 340 to 

11,350 L/min (90 to 3,000 gpm} (LaSala 1968). 

1.3.7 summary of Property conditions 

Linde 

Based on surveys of the property conducted before the RI, the 

following conclusions can be drawn: 

• The potential radioactive contaminants are total uranium, 

radium-226, and thorium-230. 

• There is currently no evidence that radioactive materials 
are migrating via the surface water pathway. 

• The surface areas of elevated radioactivity are covered with 
gravel, asphalt, or vegetation. The pile of radioactively 
contaminated soil west of Building 90 is covered with 
Hypalon. 

• Approximately 3.6 ha (9 acres) on the northern half of the 
property is radioactively contaminated. 

• Buildings 14, 30, and 38 show elevated alpha, beta, and 
gamma activity. 

• Radioactive contamination in surface and subsurface soils 
extends an unknown distance from the northeastern corner of 
the property. 

Ashland 1 

Based on surveys of the property, the following conclusions can 

be drawn: 
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• The potential contaminants are total uranium, radium-226, 

thorium-230, and industrial and chemical by-products from 

oil refinery operations at Ashland Oil Company. 

• There is evidence of limited migration of radioactive 

materials via the surface water/sediment pathway. 

• The surface areas of elevated radioactivity are covered with 

either gravel, asphalt, or vegetation. 

• The majority of the property is radioactively contaminated. 

Ashland 2 

Based on surveys of the property, the following conclusions can 

be drawn: 

• Radioactive contamination exists only on a small portion 

[0.8 ha (2 acres)] of the property (see Figure 1-14). 

• The potential contaminants are total uranium, radium-226, 

thorium-230, and industrial and chemical by~products from 

oil refinery operations at Ashland Oil Company. 

• There is evidence of limited migration of radioactive 

materials via the surface water/sediment pathway. 

• The surface areas of elevated radioactivity are covered with 

vegetation. 

seaway 

Based on surveys of the property, the following conclusions can 

be drawn: 

• Radioactive contamination exists in four areas of the 

property (see Figure 1-14). 
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• The potential contaminants are total uranium, radium-226, 

and thorium-230. 

• There is evidence of limited migration of radioactive 

contaminants via the surface water/sediment pathway. 

• Most of the radioactive areas (40 percent of Area A and all 

of Areas B and C) are covered with landfill materials. 
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Figure 1-4 
Aerial View of Linde 
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Table 1-1 

Activities and Operations in Linde Buildings 

Constructed in 1930s by Union Carbide 

Building 14 Used for laboratory and pilot plant studies for 
uranium separation in early part of MED 
operations. Currently used for offices, 
research laboratories, and fabrication 
facilities. 

Constructed bv MED on Union Carbide property; ownership transferred 
to Linde at a later date 

Building 30 

Building 31 

Building 37 

Building 38 

Used as primary process building for uranium 
processing (Step 1: ores to U30 8 ; Step 2: U30 8 
to U02 ) during MED operations and some 
processing of metallic nickel with nitric acid 
to produce nickel salt. Currently used as a 
shipping and receiving warehouse. 

Used in uranium separation process (Step 3: 
fluorination of U02 to UF4 ) during MED 
operations. Currently used for maintenance and 
offices. 

Used in uranium separation process during MED 
operations. Demolished in 1981. 

Used in uranium separation process (Step 3: 
fluorination of U02 to UF4 ) during MED 
operations. Currently not in use; access is 
restricted. 

Constructed after uranium processing operations ceased 

Building 90 

503_0061 (12/28/92) 

Built in an area where tailings accumulated 
during MED operations. Tailings were removed 
from the site when operations ceased in 1946. 
Before construction, soil contaminated with 
low-level radioactivity was removed from the 
construction area and stored in a pile west of 
the building. Currently used as a warehouse 
and for general shipping and receiving. 
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Table 1-2 

Radionuclide Concentrations in Surface Water at Linde and Vicinity 

Pa e 1 of 2 

Concentration {ECiLLl 
Sample No.{Location• Sampled by Ra-226 Th-232 U-234 u-238 U-235 Th-230 

Backgroundb ORAU/ORNL 0.08 <0.1 0.54 0.48 <4.0 <0.0045 

Off site 

Wl/Ellicott Creek ORAU 0.34 <0.1 NA0 <580 <4.0 0.30 
W2/Creek 1 ORAU 0.26 <0.3 NA <870 <6.0 <0.60 

W3/City waterd ORAU 0.41 <0.3 NA <570 10 <0.60 

W4/Tonawanda Creek ORAU 0.30 <0.3 NA <1,000 10 0.70 

W5/Creek 2 ORAU 0.10 <0.3 NA <2,140 20 <0.06 

W6/Creek 3 ORAU 0.08 <0.3 NA <1,300 10 <0.60 

W7/Twomile Creek (upstream) ORAU 0.37 0.1 NA <590 <5.0 <0.70 

W8/Twomile Creek (upstream) ORNL 0.48 NA 0.54 0.48 NA <0.0045 

1-' W9/Twomile Creek - Linde 
I discharge creek ORNL 3.3 NA 1.6 1.5 NA <0.13 

(1) 
~ W10/Twomile Creek - Linde 

discharge creek ORAU 0.31 0.9 NA <510 <4.0 35.6 

W11/Twomile Creek ORNL 0.27 NA 1.1 1.2 NA <0.090 

(downstream) 
W12/Twomile Creek ORAU 0.33 0.1 NA <860 <4.0 <0.5 

(downstream) 
Wl3/Private well at 

538 Twomile Creek Road ORAU 0.91 <16 NA <490 <4.0 NA 

W25/Twomile Creek 
(downstream) ORAU 0.56 0.1 NA <1,500 20 0.1 

W26/Twomile Creek 
(downstream) ORAU <0.07 0.1 NA <510 <4.0 5.0 

W27/Twomile Creek 
(downstream) ORAU 0.17 0.1 NA <530 <4.0 0.3 

W28/Twomile Creek 
(downstream) ORAU 0.83 0.4 NA <550 10 1.1 
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Table 1-2 

(continued) 

Pa e 2 of 2 

Concentration {QCiLLl 
Sample No. /Location• Sampled by Ra-226 Th-232 U-234 U-238 U-235 Th-230 

Onsite 

W14/Sanitary sewer 1 ORAU 0.16 0.2 NA <550 10 0.60 
W15/Sanitary sewer 2 ORAU <0.07 <0.2 NA <650 <4.0 1.0 
W16/Sanitary sewer 3 ORAU 0.10 0.2 NA <520 <4.0 2.0 
W17/Storm sewer ORAU 3.2 0.3 NA <1,600 3.0 0.10 
W18/Storm sewer - north of 

Building 31 FBDU 2.6 NA NA 120 NA NA 
W19/Surface water - outside 

Building 38 ORNL 1.2 NA 1.2 0.14 NA 0.045 
W20/Surface water by east 

windrow FBDU 16 NA NA 3,000 NA NA 
W21/Conveyor pit - Building 30 ORNL 60 NA 57 660 NA 43 
W2 2 /Boreholes• FBDU 0.60 NA NA 70 NA NA 
W23/Test well 1 ORAU 0.31 <0.1 NA <590 10 0.60 
W24/Test well 2 ORAU 0.16 <0.1 NA <640 <5.0 0.20 

Sources: FBDU 198la, ORNL 1978a, and ORAU 1981. 

•offsite sampling locations are shown in Figures 1-9 and 1-10; onsite locations are shown in Figure 1-11. 

bBackground values are taken as the lowest values from the baseline samples (W1 through W8). 

0 NA - not applicable. 

dcollected from the Tonawanda city water supply located 2 km (3.4 mi) upstream from the confluence of the Niagara 
River and Twomile Creek. 

•For this location, each value in the table is the average result based on three borehole samples. 



,_. 
I 

m 
m 

Table 1-3 

Radionuclide Concentrations in Sediment at Linde and Vicinity 

Sample No.fLocation• 

Backgroun<Ib 

Off site 

M1/Ellicott Creek 
M2/Creek 1 
M3/Twomile creek 

(upstream) 
M4/Twomile creek - Linde 

discharge creek 
M5/Twomile creek 

(downstream) 

Onsite 

M6/Storm sewer 1 
M7/Storm sewer 2 
M8/Storm sewer 3 
M9/Storm sewer 4 
M10/Storm sewer 5 
M11/Sanitary sewer 1 
M12/Sanitary sewer 2 

Source: ORAU 1981. 

sampled by 

ORAU 

ORAU 
ORAU 

ORAU 

ORAU 

ORAU 

ORAU 
ORAU 
ORAU 
ORAU 
ORAU 
ORAU 
ORAU 

Ra-226 

0.55 

0.55 
0.70 

0.69 

0.52 

0.59 

1.35 
6.93 
1.59 
0.89 
0.64 
1.94 
0.38 

•sampling locations are shown in Figures 1-9 and 1-12. 

Concentration CpCi/gl 
Th-232 U-234 U-238 

0.01 

0.70 
0.80 

0.01 

0.02 

0.48 

0.62 
0.51 
0.65 
0.34 
0.39 
0.11 
0.21 

NA 
NA 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.82 

0.82 
0.95 

4.30 

a. 11 

1.5 

6.47 
99 
13 

116 
4.5 

362 
<0.51 

bBackground values are taken as the lo~rnst values from the baseline samples {M1 through M3). 

cNA - not analyzed. 

U-235 

0.05 

0.05 
0.05 

0.10 

0.06 

0.05 

0.19 
4.57 
0.52 
4.10 
0.17 

13 
0.05 

Th-230 

0.6 

0.60 
0.70 

0.92 

0.02 

0.96 

1.4 
18 
2.0 
9.9 
0.20 
1.33 
0.34 
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Table 1-4 

Radionuclide Concentrations in Surface Water at Ashland 1, Ashland 2, and Seaway 

Concentrationb (QCiLL} 
Sample No./Location• Sampled by Ra-226 Th-232 U-234 U-238 U-235 Th-230 

Background ORAU/ORNL 0.08 <0.1 0.54 0.48 <4.0 <0.0045 

Wl/Onsite Ashland 1 ORNL 0.40 o. 72 28 28 1.5 0.18 

W2/Influent to Seaway RCP0 ORNL 1.0 <0.4 20 20 1.0 0.090 

W3/Effluent of Seaway RCP ORNL 6.3 0.11 4.1 4.2 0.34 0.076 

W6/Downstream Ashland 2 ORNL 1.6 0.68 41 53 13 0.90 

W7/Standing water ORNL 0.90 <0.3 10 10 0.44 0.14 

W8/Downstream Ashland 2 ORNL 0.58 0.44 40 39 1.4 0.11 

W9/Influent to Seaway RCP ORNL 0.80 <0.3 50 50 2.1 0.086 

W10/Standing water ORNL 1.1 <0.3 14 11 0.76 0.072 

ES-1/0nsite Seaway Eng-Sci <2.0 <1.0 NAd 1.88 NA NA 

ES-2/Downstream Ashland 2 Eng-Sci 1.6 4.64 NA 29.97 NA NA 

Sources: ORNL 1978a, Engineering-Science 1989. 

•sampling locations are shown in Figure 1-16. 

~rror terms are not included because the error is estimated only in the analytical process, not in the entire 
process of sampling, handling, and analysis. 

0 RCP - reinforced concrete pipe. 

dNA - not analyzed. 
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Table 1-5 

Radionuclide Concentrations in Sediment at Ashland 1, Ashland 2, and Seaway 

Sample No.fLocation• 

Background 

M1 
M2 
M3 
M4 
M5 
M6 
M8 
M9 
M10 
ES-1 
ES-2 

Sampled by 

ORNL 
ORNL 
ORNL 
ORNL 
ORNL 
ORNL 
ORNL 
ORNL 
ORNL 
Eng-Sci 
Eng-Sci 

Ra-226 

0.55 

<2.0 
3.2 
3.9 

16.1 
26.4 
8.3 

<2.0 
2.0 
1.2 
0.43 
0.7 

Th-232 

0.01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
0.31 
0.53 

Concentrationb {2CiLg) 
U-234 U-238 U-235 

NA0 0.82 0.05 

NA 3.9 NA 
NA 11.0 NA 
NA 3.0 NA 
NA 19.8 NA 
NA 32.5 NA 
NA 15.4 NA 
NA 26.0 NA 
NA 24.7 NA 
NA 1.4 NA 
NA 0.15 NA 
NA 3.84 NA 

Th-230 

0.6 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

~ Sources: ORNL 1978a, Engineering-Science 1989. co 

•sampling locations are shown in Figure 1-16. 

~rror terms are not included because the error is estimated only in the analytical process, not in the entire 
process of sampling, handling, and analysis. 

0 NA - not analyzed. 



Table 1-6 

HSL organic Compounds in Sediment at Ashland 1, 

Ashland 2, and Seaway 

Sampling Location 
Compounda (~gjkg) ES-1b ES-2 

Methylene chloride 

Acetone 

Chloroform 

Di-n-butylphthalate 

Bis(2-ethylhexyl)phthalate 

Aroclor-1260 

__ c 

__ c 

__ c 

__ c 

__ d 

__ c 

Source: Engineering-Science 1989. 

aonly HSL organic compounds that were detected are 
presented. 

hopgradient location. 

ccompound was analyzed for but not detected. 

dValue was rejected based on data validation. 

d --
__ d 

16.08 

62o.oe,f 

680. oe,f 

12o.oe,f 

8 The concentration is less than the specified detection limit 
but greater than zero. 

!Concentration/dilution factor = 2. 

503_0061 (12/28/92) 1-69 



Table 1-7 

Analytical Results for Surface Yater Quality in the 

Ashland 1, Ashland 2, and Seaway Area, 1979 

Pa e 1 of 6 

Parameter 

Ammoniab (mg N/L) 

Chemical oxygen demand (mg/L) 

Biochemical oxygen demand 
(5-day) (mg/L) 

Sulfate (mg/l) 

Chloride (mg/L) 

Fluoride (mg/L) 

Conductance (pmhos/cm at 25•c) 

Total organic carbon (mg/L) 

pH (standard units) 

Phenols (mg/L) 

Soluble aluminum (mg/L) 

Soluble arsenic (pg/L) 

Soluble selenium (pg/L) 

Soluble total chromium (mg/L) 

Soluble copper (mg/L) 

Soluble lead (mg/L) 

Soluble mercury (pg/L) 

Soluble nickel (mg/L) 

Soluble cadmium (mg/L) 

Soluble iron (mg/L) 

Soluble manganese (mg/L) 

503_0061 (12/28/92) 

SS1 
(03/26/79) 

1.6 

140 

34 

768 

223 

0.900 

2,020 

46.5 

8.31 

0.17 

0.6 

3.9 

5.4 

<0.003 

0.008 

<0.02 

<0.7 

<0.03 

0.004 

0.03 

0.39 

1-70 

Sampling location• and Date 
SS1 SS2 

(04/10/79) (03/26/79) 

1.6 

92 

19 

367 

89.4 

0.561 

1,120 

27.5 

7.87 

0.08 

0.8 

<1.0 

<1.0 

<0.001 

0.003 

<0.05 

<0.4 

<0.02 

<0.004 

0.02 

0.27 

1.4 

50 

<2.0 

591 

81.5 

0.340 

1,680 

23.5 

8.56 

0.02 

0.4 

<1.0 

<2.0 

<0.003 

0.014 

0.05 

<0.7 

<0.03 

0.010 

<0.02 

0.03 

SS2 
(04/10/79) 

0.6 

41 

7.5 

447 

45.8 

0.344 

11200 

17.0 

8.10 

<0.01 

0.6 

<1.0 

1.3 

0.002 

0.014 

<0.05 

<0.4 

0.02 

<0.004 

0.03 

0.03 



Pa e 2 of 6 

Parameter 

Ammoniab (mg N/L) 

Chemical oxygen demand (mg/L) 

Biochemical oxygen demand 
C5·day) (mg/L) 

Sulfate (mg/L) 

Chloride (mg/L) 

Fluoride (mg/L) 

Conductance (~mhos/em at 25•c) 

Total organic carbon (mg/L) 

pH (standard units) 

Phenols (mg/L) 

Soluble aluminum (mg/L) 

Soluble arsenic (~g/L) 

Soluble selenium (~g/L) 

Soluble total chromium (mg/L) 

Soluble copper (mg/L) 

Soluble lead (mg/L) 

Soluble mercury (~g/L) 

Soluble nickel Cmg/L) 

Soluble cadmium (mg/L) 

Soluble iron (mg/L) 
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Table 1-7 

(continued) 

Sampling Location' and Date 
SS3 SS4 SS3 

(03/26/79) (04/10/79) (03/26/79) 

60.2 

420 

16 

170 

1,634 

0.518 

5,950 

120 

8.16 

0.07 

0.4 

6.6 

<4.0 

0.010 

0.024 

<0.02 

<0.5 

0.03 

0.010 

0.40 

1-71 

47.4 

300 

41 

136 

1,810 

0.500 

4,310 

260 

8.06 

0. 03 

0.4 

<1.0 

1.3 

0.014 

0.027 

<0.05 

<0.7 

0.03 

<0.004 

0.29 

20.0 

140 

11 

7,670 

890 

0.588 

4,180 

80.0 

8.29 

0.05 

0.6 

5.2 

2.4 

<0.003 

0.004 

<0.02 

<0.7 

. 0.03 

0.020 

1.83 

SS4 
(04/10/79) 

24.6 

100 

33 

441 

895 

0.468 

3,840 

74.0 

8.02 

0.03 

0.4 

6.9 

0.9 

0.006 

0.006 

<0.05 

<0.4 

0.05 

<0.004 

0.12 



Pa e 3 of 6 

Parameter 

Chemical oxygen demand {mg/L) 

Biochemical oxygen demand 
(5 ·day) Cmg/L) 

Sulfate Cmg/L) 

Chloride Cmg/L) 

Fluoride Cmg/L) 

Conductance (~mhos/em at 25•C) 

Total organic carbon (mg/L) 

pH (standard units) 

Phenols (mg/L) 

Soluble aluminum (mg/L) 

Soluble arsenic (pg/L) 

Soluble selenium (pg/L) 

Soluble total chromium Cmg/L) 

Scluble copper (mg/L) 

Soluble lead Cmg/L) 

Soluble mercury (~g/L) 

Soluble nickel (mg/L) 

Soluble cadmium (mg/L) 

Soluble iron Cmg/L) 

Soluble manganese (mg/L) 
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Table 1-7 

(continued) 

Sampling Location• and Date 
SS5 SS6 SS5 

(03/26/79) (04/10/79) (03/26/79) 

137 

<2.0 

142 

184 

0.324 

11540 

83.5 

8.33 

0.02 

0.6 

1. 7 

<2.0 

<0.003 

0.014 

<0.02 

<0.7 

0.03 

0.020 

0.13 

0.31 

1-72 

120 

30 

134 

177 

0.356 

11500 

80.0 

7.82 

0.01 

0.6 

<2.4 

6.8 

0.008 

0.005 

<0.05 

<0.4 

0.02 

0.006 

0.18 

0.57 

11930 

11230 

51.1 

11420 

0.452 

51990 

11370 

7.33 

2.6 

0.4 

1.3 

2.4 

<0.003 

0.004 

0.04 

<0.5 

0.05 

0.008 

1. 70 

2.90 

SS6 
(04!10/79) 

4,240 

1 I 110 

100 

207 

0.490 

41640 

650 

7.53 

1.6 

0.4 

<2.0 

1.8 

0.020 

0.006 

<0.05 

<0.4 

0.04 

0.047 

0.53 

1.80 



Pa e 4 of 6 

Parameter 

Ammoniab (mg N/L) 

Chemical oxygen demand Cmg/L) 

Biochemical oxygen demand 
(5-day) (mg/L) 

Sulfate (mg/L) 

Chloride (mg/L) 

Fluoride (mg/L) 

Conductance (pmhos/cm at 25•c) 

Total organic carbon (mg/L) 

pH (standard units) 

Phenols (mg/L) 

Soluble aluminum Cmg/L) 

Soluble arsenic (pg/L) 

Soluble selenium (pg/L) 

Soluble total chromium (mg/L) 

Soluble copper (mg/L) 

Soluble lead (mg/L) 

Soluble mercury (pg/L) 

Soluble nickel (mg/L) 

Soluble cadmium (mg/L) 

Soluble iron (mg/L) 

Soluble manganese (mg/L) 
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Table 1-7 

(continued) 

SS7 
(03/26/79) 

1.1 

360 

81 

357 

4 71 

0.552 

2,290 

83.5 

9.39 

0.04 

0.4 

1.7 

<2.0 

<0.003 

0.004 

<0.02 

<0.5 

0.05 

0.014 

0.14 

0.08 

1-73 

Sampling Location• and Date 
SS7 SS8 

(04/10/79) (03/26/79) 

2.4 

63 

21 

175 

246 

0.380 

11 190 

25.0 

8.18 

0.05 

0.6 

<1.0 

<1.0 

0.004 

0.006 

<0.05 

<0.4 

0.11 

<0.004 

0.19 

0.16 

19.0 

120 

6.7 

4,380 

924 

0.541 

4,450 

64.5 

8.26 

<0.01 

0.4 

2.8 

<2.0 

0.004 

0.008 

<0.02 

<0.5 

<0.03 

<0.002 

0.34 

0.53 

ssa 
(04/10/79) 

16.0 

60 

10 

231 

764 

0.336 

2,730 

50.0 

8.42 

0.04 

0.6 

<1.0 

<1.0 

0.002 

0.009 

<0.05 

<0.4 

0.09 

<0.004 

<0.02 

0.34 



Table 1-7 

(continued) 

Pa e 5 of 6 

Sam12ling Location• and Date 
SS9 SS9 SS10 SS10 

Parameter (03/26/79) (04/10/79) (03/26/79) (04/10/79) 

Chemical oxygen demand (mg/L) 240 210 110 64 

Biochemical oxygen demand 
(5-day) (mg/L) 5.3 45 3.0 31 

Sulfate (mg/L) 215 215 458 321 

Chloride (mg/L) 1,630 1,060 527 290 
Fluoride (mg/L) 2.63 1.53 2.18 1 .31 
Conductance (~mhos/em at 25•c> 4,610 3,480 1,920 1,520 
Total organic carbon (mg/L) 98.0 82.5 40.0 39.5 
pH (standard units) 8.91 8.42 9.05 8.65 
Phenols (mg/L) 0.14 0.19 0.20 0.06 
Soluble aluminum (mg/L) 0.4 0.8 0.4 0.8 
Soluble arsenic (~g/L) 71 28 2.8 <1.0 
Soluble selenium (J.19/L) <2.0 <1.0 <2.0 <1.0 
Soluble total chromium (mg/L) 0.100 0.006 0.12 0.184 
Soluble copper (mg/L) 0.012 0.012 0.012 0.007 
Soluble lead (mg/L) 0.03 <0.05 <0.02 <0.05 
Soluble mercury (~g/l) <0.5 <0.4 <0.7 <0.4 
Soluble nickel (mg/L) <0.03 <0.02 <0.03 0.04 
Soluble cadmium (mg/L) <0.002 <0.004 <0.002 <0.004 
Soluble iron (mg/L) 0.22 0.09 0.21 0.09 
Soluble manganese (mg/L) 0.12 0.16 0.07 0.07 
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Pa e 6 of 6 

Parameter 

Biochemical oxygen demand 
(5-day) (mg/L) 

Chemical oxygen demand (mg/L) 

pH (standard units) 

Conductance (pmhos/cm at 25•c> 

Chloride (mg/L) 

Ammonia (mg N/L) 

Phenol (mg/L) 

Total organic carbon (mg/L) 

Soluble Iron (mg/L) 

Parameter 

Biochemical oxygen demand 
(5-day) (mg/L) 

Chemical oxygen demand (rng/L) 

pH (standard units) 

Conductance (pmhos/cm at 25•c) 

Chloride (mg/L) 

Ammonia (mg N/L) 

Phenol (mg/L) 

Total organic carbon (mg/L) 

Soluble iron (mg/L) 

Source: ~ehran 1979. 

Table 1-7 

(continued) 

SS11 
(03/26/79) 

7.0 

58.0 

7.86 

1,680 

257 

0.35 

<0.001 

47.0 

0.54 

SS13 
(03/26/79) 

2.8 

25.5 

8.53 

2,240 

508 

1.2 

<0.001 

28.5 

0.18 

Sam12ling 
SS1 1 

(04/10/79) 

2.9 

41.8 

7.43 

814 

174 

0.22 

0.032 

32.0 

0.03 

Sam12ling 
SS13 

(04/10/79) 

3.5 

94.9 

7.81 

3,480 

1,100 

0.50 

0.025 

22.0 

0.09 

•sampling locations are shown in Figure 1-17. 

bTotal nitrogen. 
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Location' and Date 
SS12 SS12 

(03/26/79) (04/10/79) 

<1.0 1.4 

27.6 21.6 

7.96 7.60 

602 405 

71.8 27.5 

0.04 0.05 

<0.001 0.016 

25.0 16.0 

0.22 0.04 

Location" and Date 
SS14 SS14 

(03/26/79) (04!10/79) 

5.3 2.2 

37.6 35.0 

8.06 8.04 

2,100 2,490 

547 903 

0.66 0.40 

0.002 <0.010 

36.5 22.0 

0.19 0.05 



Table 1-8 

Analytical Results for Surface water Quality 

in the ~shland 1 and Ashland 2 Area, 1986 

SamE ling Location• 
Parameter 1 2 3 4 

pH (standard units) 8.6 7.9 7.9 7.7 

TOC (mg/L) 104.2 97.3 84.1 123 

Benzene (p.g/L) <0.035 <0.035 <0.035 0.043 

PCBs (p.g/L) 0.06 0.13 <0.05 0.14 

Phenol (mg/L) 0.003 0.004 0.013 0.258 

Toluene (p.g/L) <0.035 <0.035 <0.035 0.295 

Xylene (p.g/L) <0.035 <0.035 <0.035 <0.035 

Metals (mg/L) 

Arsenic <0.02 <0.02 <0.02 0.7 

Barium 0.2 0.2 0.2 <0.2 

Cadmium 0.006 0.007 0.005 0.005 

calcium 986 157 216 136 

Chromium 0.02 <0.01 0.02 <0.01 

Copper 0.02 0.15 0.05 <0.02 

Iron 2.06 3.28 8.51 18.51 

Lead 0.03 0.04 0.10 0.03 

Magnesium 138 113 96 86 

Manganese 0.32 0.50 0.84 4.1 

Mercury <0.0004 <0.0004 <0.0004 <0.0004 

Sodium 246 320 261 322 

Zinc 0.2 0.05 0.14 0.05 

Source: ECDEP, Site ReEort for Haist ProEerty (no date) as referenced in 
Engineering-Science 1986. 

•sampling locations are shown in Figure 1-17. 
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Table 1-9 

HSL Organic Compounds and Radionuclides in Groundwater at Ashland 2 

Sam:Qling Location• 
Analyte GW-17b GW-19b 

Compoundsc (mg/L) 

Methylene chloride --d --d 

Acetone --d --d 

Carbon disulfide NDe ND 

1,1,1-Trichloroethane ND --d 

Benzene ND ND 

Bis(2-ethylhexyl)phthalate 110.0 110.0 

Di-n-cetyl phthalate 12.0 ND 

Radionuclides (pCi/L) 

Gross alpha <2 <2 

Gross beta 28 <3 

Source: Engineering-Science 1989. 

asampling locations are shown in Figure 1-16. 

~pgradient well location. 

0 0nly HSL organic compounds that were detected are presented. 

OValue was rejected based on data validation. 

•No - compound was analyzed for but not detected. 

GW-3 

d --
d --

4.1 f 

ND 
1.8t 

d --
ND 

<2 

31 

GW-4 

__ d 

__ d 

ND 

ND 

ND 

880.0 

ND 

<2 

18 

fThe concentration is less than the specified detection limit but greater than 
zero. 
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Table 1-10 

Industrial Wastes Disposed of at Seaway Industrial Park 

Pa e 1 of 2 

Generator 

Western Electric 

Carborundum Co. 
(coated abrasives) 

Ford Motor co. 
(sampling plant) 

Chevrolet Forge 
Plant 

Chevrolet Metal 
Casting Plant 

Chevrolet Motor 
Plant 

Trice Products 

Union Carbide/Linde 

FMC 

Pennwalt 

503_0061 (12/28/92) 

Type of Waste 

Misc. paper products 
PVC plastic 
Misc. plastic 
Rubber 
Restaurant waste 
Fly ash 
Spent cleaning solvent 
Waste oils 
Drums and pallets 
Continental enamel 

Wood, paper, rags, 
abrasive-grain and 
scrap sandpaper 

Incinerator ash and 
solidified resins 

Floor sweepings and 
waste filler, 
including calcium 
carbonate and clay 

Garbage and rubbish 

Pit sludge (steel 
sealer, graphite, oil, 
resin, and sodium 
carbonate) 

Waste sand (clay, 
insoluble me'l;al 
compounds, trace oil, 
resins, and corn flour) 

Sand slurry 

Fly ash 
Pit sludge 

General solid bulk 
refuse 

Misc. trash 

Yard trash, floor 
sweepings, scrap 
perborate, misc. 
garbage, and lauryl 
peroxide 

Sludge 

1-78 

Disposal 
Period 

1967-1977 

1948-1972 

1972 

1974-1979 

1975-1979 

1971-1975 

1970-1975 

1960-1979 

1966-1979 

1962-1979 

1976-1978 



Pa e 2 of 2 

Generator 

Bernal Foam Prod. 

Allied Chemical 
Specialty Chemical 
Div. (plastics) 

Allied Chemical 
Specialty Chemical 
Div. (dye plant) 

Allied Chemical 
Semet-Solvay Div. 

DuPont (Tonawanda) 

Spaulding Fibre 

Hooker (Durez) 

F. N. Burt 

Source: Wehran 1979. 
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Table 1-10 

(continued) 

Type of Waste 

Scrap polyurethane foam, 
toluene 

Diisocyanate 
A liquid drummed 

mixture of polyether, 
polyol, chloroethene, 
and catalysts 

Misc. wood and paper 
rubbish 

Scrap and chlorinated 
polyethylene, trash 
wood, garbage, ceramic 
saddle packing, and 
catalyst 

Pretreatment sludge, 
filter sludges 
containing organics, 
colors, metals, and 
liquid still bottom 

Plant scrap 

Dry "Corian" wastes, 
"Vexar" netting, and 
"Tedlar" wastes 

Scrap vulcanized 
fibre, vulcanized 
fibre sheet, and 
thermosetting plastic 
and trimmings 

Rubbish (paper, wood, 
and cardboard) 

Waste paperboard, 
waste cellophane, 
waste gold leaf, 
scrap wood, waste 
plastic garbage, 
waste adhesive 
(animal glue, poly
vinyl, acetate, 
dextrine), waste cans, 
and metal 

1-79 

Disposal 
Period 

1975-1979 

1960-1977 

1968-1972 
or 

1974 

1930-1978 

1974-1976 

1969-1974 

early 1970's 

Not available 



Table 1-11 

Chemical Results" for Groundwater at Seaway 

Pa e 1 of 2 

Sam~ling Location and Date 
Well 1 Well 1 Well 2 Well 2 Well 3 Well 3 

Parameter (03/23/79) (04/11/79) (03/23/79) (04!11/79) (03/23/79) (04/11/79) 

Ammonia (mg N/L) 5.3 3.8 0.17 1. 0 2.3 3.6 

Chemical oxygen 115 165 49.4 54.9 9.5 89.1 
demand (mg/L} 

Biochemical oxygen 23.9 86.8 <10 7.95 12.7 41.9 
demand (5-day) (mg/L) 

Sulfate (mg/L) 1.260 1.590 1.980 2.190 2.250 2.720 

Chloride (mg/L) 162 63.9 272 444 909 1.190 

Fluoride (mg/L) 0.846 0.761 3.14 1.32 2.5 0.299 

Conductance 2.230 2.130 2.990 2.180 3.900 4.410 
(pmhos/cm at 25•c) 

Total organic carbon (mg/L) 44.6 86.5 18.6 20.5 17.5 22.0 
1-' pH (standard units} 8.70 8.60 8.63 8.66 8.72 8.40 
I 

00 Total solids (103•C) Cmg/L) 2.190 8.110 3.520 4.050 4.400 5.660 
0 

True color (Pt-co units) 25 750 100 50 50 100 

Phenols (mg/L) 0.056 0.036 0.077 b <0.001 0.004 

Total grease & oils (mg/L) 5.6 1.3 8.3 13.0 3.2 22.0 

Polar grease & oils (mg/L) 4.2 1.3 2.0 2.0 1.6 <0.1 

Hydrocarbon grease & 1.2 <1.0 6.3 11.0 1.6 22.0 
ofls (mg/L) 

Soluble aluminum (mg/L) 0.8 0.6 0.8 0.4 0.8 0.4 

Soluble arsenic (pg/L) <1.0 <0.5 <1.0 <0.5 <1.0 <0.5 

Soluble selenium (pg/L) <2.0 <0.7 <2.0 <0.7 <2.0 <0.7 

Soluble total 0.004 <0.001 <0.003 <0.001 0.006 <0.001 
chromium (mg/L) 

Soluble copper (mg/L) <0.002 0.009 <0.002 <0.002 0.002 0.003 

Soluble mercury (pg/L) <0.5 60 <0.5 3.0 <0.5 14 

Soluble nickel (mg/L) <0.03 <0.02 <0.03 <0.02 <0.03 <0.02 

Soluble cadmium (mg/L) 0.020 <0.04 0.040 <0.004 0.008 <0.004 

Soluble iron (mg/L) <0.02 0.04 0.03 0. 11 <0.02 0.34 

Soluble manganese Cmg/L) 0.14 0.17 0.09 0.08 0.23 0.12 



1--' 
I 

c:o 
1--' 

Pa e 2 of 2 

Parameter 

Total organics 
scan (FID)c 
(~g/L as carbon)• 

Total halogenated 
organics scan (ECD)1 

(~g/L as chlorine)' 

Polychlorinated 
biphenyls (Jlg/L) 

Aroclor 1016 

Aroclor 1221 

Aroclor 1232 

Aroclor 1242 

Aroclor 1248 

Aroclor 1254 

Aroclor 1260 

A roc lor 1262 

Aroclor 1268 

~: Wehran 1979. 

Well 1 
(3/23/79) 

253 

6.81 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

Well 1 
(4/11/79) 

132 

2.48 

<0.01 

<0.01 

<0.01 

<0.01 

1. 0 

<0.01 

<0.01 

<0.01 

<0.01 

Well 1 
(3/23/79) 

4.32 

<0.01 

<0.01 

<0.01 

<0.01 

0.13 

<0.01 

<0.01 

<0.01 

<0.01 

Table 1-11 

(continued) 

Sampling Location and Date 
Well 2 Well 2 Well 2 

(4/11/79) (4/11/79) (5/11/79) 

879 47.6 

4.39 13.3 2.30 

<0.01 <0.01 <0.01 

<0.01 <0.01 <0.01 

<0.01 <0.01 <0.01 

<0.01 <0.01 <0.01 

<0.01 12.2 0.18 

<0.01 <0.01 <0.01 

<0.01 <0.01 <0.01 

<0.01 <0.01 <0.01 

<0.01 <0.01 <0.01 

Well 3 
(03/23/79) 

362 

1.30 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

'values preceded by the "less than" symbol (<) are working detection limits for the particular parameter/sample. 

Well 3 Yell 3 
(04/11/79) (03/23/79) 

65.9 

6.74 

<Q.. 01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

0.69 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

bThe phenol concentration from groundwater well W2 (4/11/79) could not be quantified because of the turbidity in the phenol distillate. 

cFID - flame ionization detector. 

dNot analyzed. 

'Total organics scan is based on the amount of carbon in lindane; total halogenated organics scan is based on the amount of chlorine in 
lindane. The results do not indicate the presence or absence of lindane itself in the sample. These analyses are screening procedures 
and are not intended for the qualitative or quantitative determination of any specific organic compound. 

1ECD - electron capture detector. 



Pa e 1 of 2 

Table 1·12 

Chemical Results" ~or Groundwater in Recent Alluvial Deposits 

at Seaway 

Sampling Location and Date 

Parameter 

Ammonia (mg N/L) 

Chemical oxygen 
demand (mg/L) 

Biochemical oxygen 
demand (5·day) (mg/L) 

sulfate (mg/L) 

Chloride (mg/L) 

Fluoride (mg/L) 

Conductance 
(~mhos/em at 25"C) 

Total organic carbon (mg/L) 

pH (standard units) 

Total solids (103"C) (mg/L) 

True color (Pt·Co units) 

Phenols (mg/L) 

Total grease & oils (mg/L) 

Polar grease & oils (mg/L) 

Hydrocarbon grease & 
oils (mg/L) 

Soluble aluminum (mg/L) 

Soluble arsenic (~g/L) 

Soluble selenium (~g/L) 

Soluble ·total 
chromium (rng/L) 

Soluble copper (mg/L) 

Soluble lead (mg/L) 

Soluble mercury (~g/L) 

Soluble nickel (mg/L) 

Soluble cadmium (mg/L) 

Soluble iron (mg/L) 

Soluble manganese (mg/L) 

503_0061 (12/28/92) 

81 
(3/23/79) 

0.28 

1 .070 

323 

1.030 

0.336 

2.690 

513 

7.75 

7.640 

500 

0.088 

3.8 

2.5 

1.3 

0.8 

<1.0 

<2.0 

0.012 

<0.002 

<0.02 

<0.5 

<0.03 

0.012 

0.05 

1. 70 

1-82 

82 
(3/26/79) 

0.08 

122 

849 

1. 740 

0.660 

3.990 

54.5 

7.48 

7.610 

225 

<0.001 

10.5 

10.5 

<0.1 

10.4 

1.5 

<2.0 

0.003 

0.028 

0.05 

<1.0 

<0.3 

0.004 

11.2 

0.98 



Pa e 2 of 2 

Parameter 

Total organics 
scan (FID)c 
(pg/L as carbon)d 

Total halogenated 
organics scan (ECDJ• 
(pg/L as chlorine) 

Polychlorinated 
biphenyls (pg/L) 

Aroclor 1016 

A roc lor 1221 

A roc lor 1232 

A roc lor 1242 

A roc lor 1248 

Aroclor 1254 

A roc lor 1260 

A roc lor 1262 

Aroclor 1268 

~: Wehran 1979. 

Table 1-12 

(continued) 

Sampling Location and Date 
81 

(3/23/79) 

62.2 

0.12 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

82 
(3/26/79) 

139 

0.31 

<0 .01 

<0.01 

<0 .01 

<0 .01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

•values preceded by the "less than" symbol (<) are working detection limits 
for the particular parameter/sample. 

b8iochemcial oxygen demand (S·day) analyses were not required for samples from 
borings 81 and 82. 

<FID • flame ionization detector. 

dTotal organics scan is based on the amount of carbon in lindane; total 
halogenated organics scan is based on the amount of chlorine in lindane. The 
results do not indicate the presence or absence of lindane itself in the 
sample. These analyses are screening procedures and ere not intended for the 
qualitative determination of any specific organic compound. 

"ECO · electron capture detector. 
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Table 1-13 

Chemical Results' for the landfill Vater Table at Seaway 

Pa e 1 of 2 

Sam~l i ng location and Date 
TP1 TP5 TP10 TP13 TP14 TP18 TP21 

Parameter (03/23/79) (04/11/79) (03/23/79) (03/26/79) (03/26/79) (03/23/79) (03/26/79) 

Ammonia (mg N/L) 0.16 2.7 <0.1 6.0 11.9 <0 .1 11.5 

Chemical oxygen 178 96.5 30.0 268 490 59.5 574 
demand (mg/l) 

Biochemical oxygen 
demand (5·day) (mg/l) 

Sulfate (mg/l) 702 1.410 335 1.110 13.4 234 630 

Chloride (mg/l) 497 427 172 610 321 10.6 494 

Fluoride (mg/L) 2.44 0.177 0.799 0.360 1. 79 0.828 0.285 

Conductance 2.310 2.800 1.130 4.000 2.380 1.000 4.000 
(pmhos/cm at 25"C) 

Total organic carbon (mg/L) 249 90.6 72.8 125 185 71.8 270 

pH (standard units) 7.94 7.91 8.02 7.49 7.24 8.16 7.75 
f-l 
I Total solids (103"C) (mg/L) 2.440 2.990 1.230 2.720 1.870 3.550 2.200 

co 

"" True color (Pt-Co units) 50 12.5 50 75 20 500 15 

Phenols (mg/L) <0.001 <0.001 0.001 0.066 0.042 <0.001 

Total grease & oils (mg/L) 7.5 4.0 18.5 1.5 1.3 8.5 26.0 

Polar grease & oils (mg/L) 5.9 4.0 18.5 1.5 1.3 <0.1 20.0 

Hydrocarbon grease & 1.6 <0.1 <0.1 <0.1 <0.1 8.5 6.0 
of ls (mg/L) 

Soluble aluminum (mg/l) 0.8 0.6 0.8 0.4 0.4 0.8 1.8 

Soluble arsenic (pg/L) 3.0 48 1.0 3.9 3.4 <1.0 5.9 

Soluble selenium (pg/l) <2.0 <2.0 <2.0 2.4 <2.0 <2.0 2.8 

Soluble total 0.010 <0.003 <0.003 0.004 <0.003 <0.003 0.008 
chromium (mg/L) 

Soluble copper (mg/l) 0.028 <0.002 0.010 0.006 0.004 0.010 0.014 

Soluble lead (mg/L) 0.03 <0.02 0.03 0.05 <0.02 <0.02 0.04 

Soluble mercury (pg/L) <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 

Soluble nickel (mg/L) 0.03 <0.03 0.03 <0.03 <0.03 <0.03 0.03 

Soluble cadmium (mg/L) 0.280 0.004 0.014 0.006 0.008 0.040 <0.002 

Soluble iron (mg/l) 0.05 <0.02 0.04 0.82 0.45 0.06 3.60 

Soluble manganese (mg/L) 1. 75 0.44 0.05 2.70 3.90 0.06 0.99 
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Table 1-13 

(continued) 

Po e 2 of 2 

SamQling Location and Date 
TP1 TP5 TP10 TP13 TP14 

Parameter (3/23/79) (3/23/79) (3/23/79) (3/26/79) (3/26/79) 

Total organics 
scand 

88.6 62.2 8.1 143 37.7 

(~g/L as carbon>' 

Total halogenated 
organics scan (ECO)f 

1.60 0.20 0.17 0.35 0.11 

(~g/L as chlorine>' 

Polychlorinated 
biphenyls (Jlg/L) 

Aroclor 1016 <0.01 <0.01 <0.01 <0.01 <0.01 

Aroclor 1221 <0.01 <0.01 <0.01 <0.01 <0.01 

Aroclor 1232 <0.01 <0.01 <0.01 <0.01 <0.01 

Aroclor 1242 <0.01 <0.01 <0.01 <0.01 <0.01 

Aroclor 1248 0.77 <0.01 <0.01 0.25 <0.01 

A roc lor 1254 <0.01 <0.01 <0.01 <0.01 <0.01 

Aroclor 1260 <0.01 <0.01 <0.01 <0.01 <0.01 

A roc lor 1262 <0.01 <0.01 <0.01 <0.01 <0.01 

A roc lor 1268 <0.01 <0.0.1 <0.01 <0.01 <0.01 

Source: Wehran 1979. 

"values preceded by the "less than" syni)ol (<)are working detection limits for the particular parameter/sample. 

bBiochemical oxygen demand (5-day) analyses were not required for test pit samples. 

cThe phenol content of TP21 (3/26/79) could not be analyzed because of insufficient sample volume. 

dFID - flame Ionization detector. 

TP18 TP21 
(3/23/79) (03/23/79) 

13.9 439 

0.28 0.02 

<0.01 <0.01 

<0.01 <0.01 

<0.01 <0.01 

<0.01 <0.01 

<0.01 <0.01 

<0.01 <0.01 

<0.01 <0.01 

<0.01 <0.01 

<0.01 <0.01 

"Total organics scan is based on the amount of carbon in lindane; total halogenated organics scan is based on the amount of chlorine in lindane. The 
results do not indicate the presence or absence of lindane itself in the sample. These analyses are screening procedures and are not intended for the 
qualitative or quantitative determination of any specific organic compound. 

fECD - electron capture detector. 



Table 1-14 

Water Table Elevations in the Seaway Landfill and the Recent 

Alluvial Deposits - April 11, 1979 

Elevation Elevation Depth Elevation 
of of to of 

Sampling Ground Surface Reference Point Water Surface Groundwater Table 
Point (ft) (ft) (ft) (ft) 

Boring No. 1 596.6 600.1 5.5 594.6 
Boring No. 2 590.7 593.3 4.0 589.3 
Boring No. 3 614.1 615.9 4.6 611.3 
Boring No. 4 611.9 613.4 7.7 605.7 
Test Pit No. 1 605.8 609.3 7.8 601.5 
Test Pit No. 2 602.5 605.5 3.3 602.2 
Test Pit No. 3 591.8 595.3 7.2 588.1 
Test Pit No. 4 597.9 601.4 6.1 595.3 
Test Pit No. 5 601.9 605.4 7.7 597.7 
Test Pit No. 6 597.0 600.0 9.7 590.3 
Test Pit No. 7 601.6 604.6 4.6 600.0 
Test Pit No. 8 591.0 594.0 5.7 588.3 
Test Pit No. 9 590.9 594.9 6.5 588.4 
Test Pit No. 12 612.0 616.0 15.4 600.6 
Test Pit No. 13 610.8 613.8 5.7 608.1 
Test Pit No. 14 612.3 615.3 4.1 611.2 
Test Pit No. 15 606.7 610.7 4.8 605.9 
Test Pit No. 16 602.3 606.3 6.2 600.1 
Test Pit No. 17 604.5 608.5 5.0 603.5 
Test Pit No. 19 591.0 594.0 3.0 591.0 
Test Pit No. 20 600.8 604.8 4.1 600.7 
Test Pit No. 21 608.6 611.6 6.6 605.0 
Test Pit No. 22 603.3 607.3 5.5 601.8 

Source: Wehr an 1979. 
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2.0 STUDY AREA INVESTIGATIONS 

A major objective of the RI/FS-EIS process is to obtain 

sufficient site-specific information for assessment of remedial 

action alternatives. After a detailed review of the site-specific 

information summarized in Section 1.0, it was determined that 

additional information would be required for assessment of remedial 

action alternatives; therefore, an RI plan was developed. Based on 

this plan, the first phase of the RI included a general 

characterization of the properties to determine the nature and 

extent of contamination. First-phase activities were directed by 

the Characterization Plan for the Linde Air Products, Ashland 1, 

and Ashland 2 Sites (BNI 1989a}. The second phase entailed 

selective investigations designed to complete the site-specific 

information required for the RI/FS-EIS process. The second-phase 

activities were directed by the Work Plan-Implementation Plan for 

the Remedial Investigation/Feasibility Study-Environmental Impact 

Statement for the Tonawanda Site (BNI 1993a} and the Field Sampling 

Plan for the Remedial Investigation/Feasibility Study-Environmental 

Impact Statement for the Tonawanda Site (BNI 1993b}. 

The reviewed and approved plan for the first-phase activities 

(BNI 1989a) identified and organized the data requirements into the 

following five general areas: 

I. Waste Locations and Volumes 

1. Conduct a topographical features study 

2. Estimate the areal extent of the wastes 

3. Identify possible waste transportation routes 

4. Determine the horizontal and vertical boundaries of 

contamination 

II. Contaminant Characteristics 

5. Identify the co-occurrence of hazardous chemical 

characteristics of the waste 

6. Evaluate the co-occurrence of selected radionuclides 
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III. Contaminant Migration Potential 
7. Evaluate the viability of the migration pathways and 

estimate contaminant concentrations 
8. Estimate the magnitude of migration potential for each 

viable pathway 
9. Survey surface water drainage systems used to discharge 

effluents at Linde 
10. Conduct a well canvass to identify potential receptors 

IV. Injection Wells 
11. Investigate the stratigraphy of the properties 
12. Quantify contaminant concentrations near injection wells 

v. Contamination of Structures 
13. Estimate the nature and extent of contamination· in 

buildings at Linde 
14. survey storm and sanitary sewers 
15. Evaluate decontamination alternatives for contaminated 

structures at Linde 

Characterization results were evaluated: selective investigations 
were then designed to enhance the site-specific information already 
gathered. Plans for the second-phase activities {BNI 1991c, 1991d) 
categorized the data objectives by site as follows: 

I. Linde 

1. Determine the extent to which radioactive contamination 
extends beyond the Linde fenceline to the northeast 

2. Locate {if possible) and evaluate dredgings from Twomile 
Creek 

3. Investigate the potential presence of a subsurface vault 
containing radioactive material 

4. Determine the extent of radioactive contamination in the 
blast wall adjacent to Building 58 

5. Determine the extent of deep subsurface radioactive 

contamination near the old injection wells 
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II. Ashland 1 
6. Determine the boundaries of radioactively contaminated 

soil in the bermed area 
7. Determine the extent of Resource Conservation and 

Recovery Act- (RCRA-) characteristic wastes in soil 

III. Ashland 2 
a. Refine the boundaries of radioactively contaminated soil 
9. Determine the potential for RCRA-characteristic wastes 

in soil 

IV. seaway 
10. Determine the depth of thorium-230 contamination in 

Areas A and D 
11. Refine the boundaries of radioactively contaminated soil 

in Areas A and D . 
12. Determine the potential for RCRA-characteristic wastes 

in soil 
13. Evaluate the potential for radionuclide migration within 

the Seaway landfill 
14. Evaluate the potential for leachate infiltration into 

the RCP under the Seaway landfill 
15. Investigate the geotechnical properties of the Seaway 

landfill extension 
16. Evaluate the potential for movement of radioactively 

contaminated sediments from Seaway onto the adjoining 
Niagara Mohawk and Ashland 2 properties 

VI. All Four Properties 
17. Evaluate surface water hydrology and drainage pathways 

Two selective investigations that were identified but not performed 
during the second phase of work involved determination of the 
location of the dredgings from Twomile Creek and evaluation of the 
potential for leachate migration into the RCP under the Seaway 
landfill. These investigations are discussed in Section 7.6. 
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2.1 DESCRIPTION OF FIELD ACTIVITIES 

To organize the RI field activities into easily manageable 
tasks, the RI objectives were grouped into the following units: 

• surface features 
• Contaminant sources 
• Local meteorology 
• surface water and sediment 

• Local geology 
• Soil and vadose zone 

• Local groundwater 
• Local demographics 

• Local ecology 

The following sections identify the field activities performed 
during the RI. Field activities followed the procedures detailed 
in the characterization plan (BNI 1989a), the WP-IP (BNI 1993a), 
and the field sampling plan (BNI 1993b). 

2.1.1 surface Features Investigations 

The investigation of surface features at Linde, Ashland 1, 

Ashland 2, and Seaway concentrated on a· chronological series of 

aerial photographs, topographic maps, owner drawings, and 

eyewitness accounts to identify potential historical waste areas 

and potential waste transport media. 

Dated aerial photographs [the earliest of which (1939) predated 

MED uranium operations at Linde] were evaluated to determine the 

transportation routes used to move ore residues from Linde to 

Ashland 1 and from Ashland 1 to Ashland 2. Aerial photographs and 

topographic maps were examined to determine past and present paths 

of surface drainage and to determine areas used for waste storage 

during and after uranium operations. 

Drawings were examined to determine current utility locations 

at Linde so that characterization activities could be appropriately 

planned. Drawings showing locations of the storm and sanitary 



sewers used for liquid residue disposal were also examined; sewer 

locations are shown in Figures 1-6 and 1-7. Results of the 

investigation are summarized in Section 3.1. 

2.1.2 contaminant source Investigations 

For soil investigations, boreholes at Linde are designated by 

the prefix "B29. 11 Borehole prefixes for the other Tonawanda 

properties are 11 B03" {Ashland 1), "B23" {Seaway), "B32" 

(Ashland 2), and "B55" (Ashland 2 South). 

Linde 

General site characterization activities were conducted at 

Linde from October 1988 through March 1989 to investigate two 

potential contaminant sources: (1} contaminated soil outside the 

buildings and beneath Building 30, and (2) portions of 

Buildings 14, 30, 31, and 38 (to confirm previous survey results). 

Selective investigations were conducted from November 1990 

through May 1991 to investigate four additional potential 

contaminant sources: (1) contaminated soil beyond the northeastern 

corner fenceline, (2} contaminated soil in the blast wall adjacent 

to Building 58, (3) potential deep subsurface radioactive 

contamination near the old injection walls, and {4) a subsurface 

vault potentially containing radioactive materials. These 

investigat~ons are described in the foilowing sections. 

Characterization of contaminated soil outside the buildings and 

beneath Building 30. Contaminated soil on the Linde property was 

characterized to confirm results of previous surveys, detect any 

changes in or movement of contamination since those surveys, 

investigate the extent of thorium-230 contamination, screen for the 

presence of MED-related chemicals, and more precisely define the 

extent of all radioactive contamination so that a remedial action 

plan can be developed. Borehole locations were selected based on 

historical information and previously collected data (ORAU 1981, 

ORNL 1978a, FBDU 198la}. 
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The surface investigation, oriented toward identifying areas 
contaminated with uranium, radium-226, and thorium-230, involved a 
gamma walkover survey of the portion of the property used by MED. 
This survey was conducted using a gamma scintillation detector with 
a 5- by 5-cm (2- by 2-in.) sodium iodide crystal to convert gamma 
rays emitted from radioactive materials to an electronic signal 
that can be measured. Surface areas where gamma radioactivity 
levels exceeded twice the average background level (5,000 to 
6,000 cpm) for the Linde area were identified for examination 
during the subsurface investigation. 

The subsurface investigation consisted of a comprehensive 
sampling program designed to establish the extent of radioactive 
contamination, gain information on MED-related nonradioactive 
contaminants in soil, and determine whether hazardous substances 
are mixed with radioactively contaminated soil. Both boreholes and 
auger·borings were.used in the sampling program. selection of 
locations for subsurface drilling operations was based on results 
from the surface investigation and on an iterative approach 

designed to focus the sampling effort on contaminated areas without 
unnecessarily characterizing large portions of uncontaminated 
property. 

Historical information and the results of the surface 
investigation were used for preliminary delineation of the 
horizontal boundaries of potentially contaminated areas. A 
systematic sampling program was then conducted to refine the 
definition of these boundaries. The systematic boundary search was 
extended iteratively, if necessary, to precisely define the areal 
extent of surface contamination. 

After the boundary search was completed, boreholes were drilled 
inside the boundary to determine the depths and types of 
contaminated materials of interest. Unique features and anomalies 
identified on the basis of historical aerial photographs, 
geophysical surveys, and geological logs were investigated with 

biased-location sampling. 
The boreholes were advanced a few feet into undisturbed 

(natural) soil, as determined by field geological support, and 
continuous samples were collected at 45-cm (18-in.) intervals. 
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Drilling into undisturbed soil ensures that any lens of 
contamination encountered is completely penetrated. If a borehole 
location could not be reached by the drilling rig, an auger boring 
was drilled using a slide-hammer hand auger. Because of the 
limitations of the hand auger, undisturbed soil was not always 

reached. 
All samples were analyzed for uranium-238, radium-226, 

thorium-230, and thorium-232; these radionuclides were selected 
based on the ores and processing methods used at Linde. 
Concentrations of uranium-234 and uranium-235 could be calculated 
based on the uranium-238 concentration. Methods of analysis are 
outlined in Appendix D. Analytical results are presented in 

Section 4.2.1. 
Table 2-1 provides the depth of each characterization borehole, 

and Figure 2-1 shows the locations of.the boreholes and auger 
borings. Selected boreholes, shown ~n Figure 2-2, were also 
sampled and analyzed for vocs (Table 2-2), BNAE compounds 
(Table 2-3), RCRA characteristics (Table 2-4), and metals 
(Table 2-5). Sampling locations were selected to investigate the 
areas of radioactive contamination and areas suspected of 
containing chemical contaminants. Table 2-6 lists the boreholes 
that were screened for chemical constituents and the depths from 
which samples were collected. Methods of analysis are outlined in 
Appendix D. Analytical results are presented in Section 4.2.1. 

After each borehole was completed, it was gamma-logged to 
determine the depth and magnitude of gamma-emitting contamination. 
Gamma-logging was performed by lowering a gamma scintillation probe 
into the borehole and measuring gamma activity at 0.3-m (1-ft) 
increments. Gamma-log data were used to select sampling depths for 
radiological analysis; samples from other depths were archived. 

Radiological and chemical subsurface soil samples were 
collected from boreholes using a 5-cm- (2-in.-) diameter, 46-cm
(18-in.-)long stainless steel split-spoon sampler. Hand-augured 

samples were collected with a 2.5-cm- (l-in.-) diameter, 91-cm
(36-in.-) long stainless steel auger. 

Contaminated soil beneath Building 30 was investigated with a 
comprehensive drilling program. Sampling locations were selected 
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based on a systematic approach that separated locations by 
approximately 15m (50ft) (see Figure 2-1). A borehole was then 
cored through the concrete floor, and the soil was sampled in the 

manner described for the subsurface soil investigation. 
Characterization of contaminated bui1dinqs. The building 

investigation involved characterizing the buildings suspected to be 

contaminated (Buildings 30 and 38) and spot-checking other 
buildings used forMED activities (Buildings 14 and 31). 

Building 37, which was also used by MED, was demolished by Linde 

in 1981. 
The survey of Building 14, which was reported to be 

uncontaminated (FBDU 1981a), consisted of the following activities: 

• Samples of dust and dirt were collected from behind 
stairwells and other areas normally inaccessible for routine 
cleaning. 

• Fifty direct contact alpha and beta-gamma measurements were 
taken at random locations on the floor and walls. Readings 

on the walls were taken to a height of 2m (6.6 ft). 

• Forty-nine smear samples were taken at random locations on 
the floor and walls to identify removable activity. 

Building 31 was initially reported as contaminated by 

ORNL (1978a) but was reported to be uncontaminated in a subsequent 
survey (FBDU 1981a). RI sampling activities were designed to . 
spot-check the building and resolve discrepancies in results of the 
previous surveys. The survey protocol was the same as that used 

for Building 14: 74 direct contact alpha and beta-gamma readings 
and 6 smears were taken. 

In both of the previous surveys of buildings at Linde, 
Buildings 30 and 38 were identified as being contaminated: the 

highest levels of contamination were found in Building 30 

(ORNL 1978a, FBDU 1981a). surveys of the building were performed 

to provide enough information to begin remedial design engineering, 
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but a detailed survey was not conducted at this time because site 

conditions could be altered (because of construction, 

moving/replacing equipment) before remedial action begins. 

The survey consisted of the following activities: 

• A walkover survey of the floor was conducted to identify 

areas exhibiting gamma readings exceeding DOE guidelines. 

• After areas with elevated gamma readings were identified, 

grids were established 2 m (6.6 ft) apart in contaminated 

areas and 5 m (16.4 ft) apart in uncontaminated areas. 

• Five direct contact alpha and beta-gamma measurements were 

taken inside each grid block, for a total of 3,630 

measurements. 

• To measure the amount of removable contamination on the 
floor, 3,650 smears were collected. 

• A 2- by 2-m (6.6- by 6.6-ft) grid was established on the 

bottom 2 m (6.6 ft) of the walls. Five direct contact alpha 

and beta-gamma measurements were taken in each grid block 

(1,000 total measurements), and 1,117 smears were taken to 

determine the amount of removable contamination. 

• Seventy-five alpha and beta-gamma measurements were taken to 

spot-check for contamination on the roof; 27 smears were 

taken to determine the amount of removable contamination. 

• The upper portions of the walls and the ceiling were 

spot-checked with 147 direct contact alpha and beta-gamma 

measurements and 122 smears. 

The survey of Building 38 was not designed to be as complete as 

that for Building 30 because Building 38 is likely to be 

demolished. The survey consisted of the following activities: 
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• A 5- by 5-m (16.4- by 16.4-ft) grid was established on the 
floor. 

• Five direct contact alpha and beta-gamma measurements were 
taken inside each grid block (150 measurements total). 

• one dust sample was collected • 

. 
• In ~otal, 150 smears were collec~ed to measure the amount of 

removable contamination on the floor. 

• A 2- by 5-m (6.6- by 16.4-ft) grid was established on the 
lower 2 m (6.6 ft) of the walls. Five direct contact alpha 
and beta-gamma measurements were taken in each grid block 
(216 total), and 216 smears were taken to determine the 
amount of removable contamination. 

• The upper portions of the walls and the ceiling were 
spot-checked by taking 106 direct contact alpha and beta
gamma measurements and 106 smears. 

Methods of analysis are outlined in Appendix D. survey results 
are summarized in Section 4.2.1 and detailed in Appendix A. 

znvestiqation of radioactively contaminated soil beyond the 
northeasterL corner fenceline. Previous surveys and site 
characterization activities indicated that radioactive 
contamination in soil extended beyond the northeastern corner 
fenceline; therefore, sampling of soil at locations beyond the 
Linde property boundary was necessary to accurately determine the 
boundaries of contamination. 

A walkover gamma scan was performed to determine boundaries of 
beta- and gamma-emitting contamination, and areas showing the 
highest gamma radiation results were selected for sampling. 
Surface soil samples were collected from 28 auger-hole locations 
and analyzed for thorium-230, thorium-232, radium-226, and 
uranium-238 (Fiqure 2-3). surface soil samples were collected at 
depths between qround surface and 15 em (0.5 ft) or between ground 
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surface and 30 em (1ft). Subsurface samples, which were collected 

at 15 sampling locations, were taken at 30-cm (1-ft) intervals to a 

depth of 1m (3ft). All samples were collected with a stainless 

steel auger [7.6-cm- (3-in.-) diameter, 15-cm- (6-in.-) (length)]. 
Table 2-7 provides sampling location coordinates and depths. 

Analytical results are discussed in Section 4.2.1. 
Investigation of contaminated soil in the blast wall adjacent 

to Building 58. During the RI, six hand-augured holes were 

drilled to a depth of 1.2 m (4 ft) to determine the boundaries of 

potential radioactive contamination in a soil and timber blast wall 

east of Building 5_8 (Figure 2-4). Coordinates for these six 

boreholes are listed in Table 2-8. A subsurface gamma scan was 

performed in each borehole. Samples collected from the boreholes 

were analyzed for uranium-238, radium-226, thorium-232, and 

thorium-230. Results are presented in Section 4.2.1. 
Investigation of potential deep subsurface radioactive 

contamination near the old-injection wells. Historical information 

indicates that injection wells were used for the disposal of 

uranium processing effluents. The wells eventually became blocked, 

and the effluents were discharged into the storm sewers; Linde 

subsequently backfilled the injection wells with debris. 
_The. investigation of these wells included determining the fate 

of the effluents that were pumped into the subsurface. Two 

boreholes offset from a monitoring well near the injection wells 

were drilled to provide access to the injection zone {Figure 2-5). 

Figure 2-5 also shows the monitoring well installed during the 
1988-1989 characterization activities. 

The core material from the offset boreholes was scanned for 

beta-gamma activity as the boreholes were drilled. A sample of 

core material showing elevated radioactivity was collected and 

analyzed for thorium-230, thorium-232, radium-226, and uranium-238. 

Boreholes were also gamma-logged with a shielded sodium-iodide 

{thallium) downhole probe; readings were collected for 1 min at 

0.3-m (1-ft) intervals. Results from the offset borehole 

investigation are discussed in Section 4.2.1. 

Investigation of the subsurface storage vault. A 1946 drawing 

of the Linde property indicated the potential presence of a 
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"radioactive storage vault" buried in a paved area 4.6 m (15 ft) 

from Building 73 (Figure 2-6). 
To determine whether a vault actually exists and to identify 

its exact location, a ground-penetrating radar (GPR) investigation 
was conducted using a subsurface interface radar system. The data 
were recorded continuously and interpreted in the field; results of 

the 'investigation are given in Section 4.2.1. 

Ashland 1. 

General site characterization activities were conducted at 
Ashland 1 from October 1988 through March 1989 to investigate 

contaminated soil, the only potential contaminant source present at 

the property. 

Selective investigations were conducted from November 1990 
through May 1991 to refine the boundaries of radioactive 

contamination in the soil and determine the potential for 
RCRA-hazardous waste in the soil. 

Characterization of contaminated soils. Contaminated soil at 
Ashland 1 was characterized to confirm results of previous surveys, 

detect any changes in or movement of contamination since those 
surveys, screen for the presence of MED-related chemicals, and more 

precisely define the extent of all radioactive contamination so 

that a remedial action plan can be designed. 
The site characterization activities included walkover gamma 

surveys and surface and subsurface soil sampling implemented in the 
same manner as the Linde characterization. Radiological and 

chemical sampling locations at Ashland 1 are shown in Figures 2-7 

and 2-8, respectively. 

All samples were analyzed for uranium-238, radium-226, 
thorium-230, and thorium-232; these radionuclides were selected 

based on the ores and processes used at Linde. Concentrations of 

uranium-234 and uranium-235 could be determined based on the 

uranium-238 concentration. Methods of analysis are outlined in 

Appendix D. Sampling results are presented in Section 4.2.2. 

Table 2-9 provides borehole locations and depths to undisturbed 

soil. After each borehole was completed, it was gamma-logged to 
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determine the depth and magnitude of gamma-emitting contamination. 
Gamma-logging was performed by lowering a gamma scintillation probe 
into the borehole and obtaining a measurement of the gamma activity 
at 0.3-m (1-ft) increments. These gamma-log data were then used to 
select depths from which radiological samples were to be collected 
for analysis; samples from other depths were archived. 

Randomly selected boreholes were also sampled and analyzed for 

vocs, BNAE compounds, RCRA characteristics, and metals (see 
Tables 2-2 through 2-5); Table 2-10 lists the boreholes screened 
for these chemicals and the depths from which chemical·samples were 
collected. 

Radiological and chemical samples were collected from boreholes 

using a 5-cm- (2-in.-) diameter, 46-cm- (18-in.-} long stainless 
steel split-spoon sampler, and hand-augured samples were collected 
using a 2.5-cm- (1-in.-) diameter, 91-cm- (36-in.-) long auger. 

Refinement of .boundaries of radioactively contaminated soil. 
To determine the depth of radioactive contamination in an area from 
which soil failed the extraction procedure (EP) toxicity test for 
chromium during characterization, samples were collected from 
previously drilled borehole B03R033 and three new 
boreholes (B03R131, B03R132, and B03Rl33). These samples were 
analyzed for uranium-238, radium-226, thorium-232, and thorium-230. 
Samples were also collected from five locations in the eastern 
portion of the bermed area to refine the boundaries and depths of 

surface and subsurface contamination. Based on the surveys 
conducted before the 1988-89 characterization, the eastern portion 
of the bermed area was considered to be uncontaminated. Because 
the 1988-89 characterization showed that radioactive contamination 

existed in the area, it was investigated again during the second 
phase of the RI. Sampling locations are shown in Figure 2-9; 
borehole depths are given in Table 2-11. Results of the analysis 
are given in Section 4.2.2. 

Determination of the extent of potential RCRA-hazardous waste. 
A composite sample from ground surface to 2.4 m (8 ft) collected 
from B03R033 failed tpe EP toxicity test for chromium during the 

BNI characterization. To investigate the area further, four 
composite samples from boreholes B03R033, B03Rl31, B03Rl32, and 
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B03Rl33 (Figure 2-9} were collected from ground surface to a depth 
of 2.4 m (8ft). The samples were analyzed only for toxicity 

characteristic leaching procedure (TCLP) metals; results are given 

in Section 4.2.2. 

Ashland 2 

General site characterization activities were conducted at 

Ashland 2 from October 1988 through March 1989 to investigate 
contaminated soil, the only potential contaminant source present at 

the property. 
Selective investigations were conducted from November 1990 

through May 1991 to refine the boundaries of radioactive 

contamination in the soil and determine the potential for 

RCRA-hazardous waste in the soil. 
Characterization of contaminated soils. Contaminated soil at 

Ashland 2 was characterized to confirm results of previous surveys, 
detect any changes in or movement of contamination since those 

surveys, screen for the presence of MED-related chemicals, and more 
precisely define the extent of all radioactive contamination so 

that a remedial action plan can be designed. 
The site characterization activities included walkover gamma 

surveys and surface and subsurface soil sampling implemented in the 
same manner as the Linde characterization. Figures 2-10 and 2-11 

show radiological and chemical sampling locations at Ashland 2, 
respectively. 

All samples were analyzed for uranium-238, radium-226, 
thorium-230, and thorium-232; these radionuclides were selected 

based on the ores and processes used at Linde. Concentrations of 

uranium-234 and uranium-235 could be determined based on the 
uranium-238 concentration. Methods of analysis are outlined in 
Appendix D. Sampling results are presented in section 4.2.4. 

Tables 2-12 and 2-13 provide borehole locations and depths. 

After each borehole was completed, it was gamma-logged to determine 

the depth and magnitude of gamma-emitting contamination. 

Gamma-logging was performed by lowering a gamma scintillation probe 

into the borehole and measuring the gamma activity at 0.3-m (1-ft) 
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increments. These gamma-log data were then used to select depths 
from which radiological samples were to be collected for analysis; 

samples from other depths were archived. 
Randomly selected boreholes were also sampled and analyzed for 

vocs, BNAE compounds, RCRA characteristics, and metals (see 
Tables 2-2 through 2-5}; Table 2-14 lists the boreholes screened 
for these chemicals and the depths from which samples were 
collected. 

Radiological and chemical samples were collected from boreholes 
using a 5-m- (2-in.-) diameter, 46-cm- (18.-in.-) long stainless 
steel split-spoon sampler, and hand-augured samples were collected 
using a 2.5-cm- (1-in.-) diameter, 91-cm- (36-in.-) long auger. 

Refinement of boundaries of radioactively contaminated soil. 
Investigation activities were centered around refining the 
boundaries of radioactive contamination along the western edge of 
the landfill area and along the Seaway-Niagara Mohawk drainage 
ditch. A walkover gamma scan was performed with an SPA-3 probe 
connected to a PRS-1 scaler. Twenty hand-augured holes were 
drilled outside the boundaries of Ashland 2, and five boreholes 
were drilled along the drainage ditch (Figure 2-12). The samples 
were analyzed for uranium-238, radium-226, thorium-232, and 
thorium-230. Surface samples were collected from hand-augured 
locations; surface and subsurface samples were collected at 
borehole locations (Table 2-15). Results are discussed in 
Section 4.2.4. 

Determination of potential RCRA-hazardous wastes. To determine 
whether RCRA-hazardous wastes are present along the Seaway-Niagara 
Mohawk drainage ditch, surface and subsurface soil samples were 
collected from boreholes B32R901, B32R902, B32R903, B32R904, and 

B32R905 (Figure 2-12) and analyzed for RCRA-hazardous waste 
characteristics. Results are discussed in Section 4.2.4. 

seaway 

General site characterization activities were conducted at 
Seaway from January 1988 through April 1988 to investigate Area A 
for thorium-230 contamination, and from October 1988 through 
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March 1989 to determine the potential for radioactive contamination 

in Area D. 
Selective investigations were conducted from November 1990 

through May 1991 to refine the boundaries of radioactive 
contamination in Areas A and D, determine the potential for RCRA
hazardous waste in Area A, and evaluate the potential for leachate 

migration within the Seaway landfill. 
Characterization of thorium-230 contamination in Area A. In 

early 1988, a limited characterization of the exposed portion of 
Area A was conducted to gain information on the thorium-230 
concentrations in the contaminated area. Based on previous survey 

data, 18 boreholes were drilled in and around the boundaries of 
Area A. A 5-cm- (2-in.-) diameter, 46-cm- (18-in.-) long stainless 

steel split-spoon sampler was used to collect subsurface samples. 
Samples were analyzed for uranium-238, radium-226, thorium~232, and 

thorium-230. Figure 2-13 shows the borehole locations, and 
Table 2-16 gives the borehole coordinates and depth. Methods of 
sample analysis are outlined in Appendix D. Analytical results are 
presented in Section 4.2.3. 

Because landfill material covered Areas B and C to a depth of 

12m (40ft), samples could not be collected to gain direct 
information on the thorium-230 concentrations in these areas. 

Characterization of radioactive contamination in Area o. In 

late 1988, BNI conducted radiological surveys of Ashland 1 and 
Ashland 2 as part of the site characterization activities. During 

the walkover gamma survey of Ashland 1, radioactive contamination 

was found to extend to the Seaway-Ashland 1 property boundary. 
Samples from Seaway soils were collected to investigate the 

potential for this contamination to extend onto the Seaway ' 

property. The samples were collected in conjunction with the site 

characterization activities performed at Ashland 1 (see Figure 2-7) 
and analyzed for uranium-238, radium-226, thorium-232, and 

thorium-230. Analytical results are presented in Sections 4.2.2 
and 4.2.3. 

Refinement of boundaries of radioactively contaminated soil. A 

data objective for the second phase of the RI at Seaway was to 

refine radioactive contamination boundaries on Areas A and D. 
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Based on a walkover gamma survey, 3 boreholes in Area A and 

40 hand-augured holes in Areas A and D were drilled and sampled. 

Sampling locations are shown in Figure 2-14; grid coordinates and 

approximate depths are given in Table 2-17. Analytical results are 

given in Section 4.2.3 • 

. Determination of potential RCRA-hazardous wastes. To determine 

the potential for RCRA-hazardous wastes, surface and subsurface 

soil samples were collected from the 3 borehole and 12 hand-augured 

locations shown in Figure 2-15. The samples were analyzed for 

RCRA-hazardous waste characteristics. Table 2-18 gives the grid 

coordinates and depths of these sampling locations. Results are 

discussed in Section 4.2.3. 

Evaluation of contaminant migration potential within the 

landfill. The objective of the Seaway drilling operation was to 

determine whether radioactive material could be leached by perched 

water in the landfill and migrate into the surface water systems. 

For this scenario to occur, the perched water within the landfill 

would have to be in contact with the radioactive waste material. 

Perched water within the landfill may discharge through the RCP 

that passes beneath the central section of the landfill. The 

integrity of the pipe beneath the landfill is questionable because 

liquids discharge from the downstream end of the pipe year round, 

even when the channel flow at the culvert intake has stopped. The 

original scope of work was intended to include flow measurements on 

the inlet and outlet of the pipe to quantify input from the 

landfill. Measurements were never taken because of access delays 

and because the landfill operator intends to close the culvert (see 

Section 7.0). BNI proposed to sample and test the clay unit 

beneath the landfill; however, the landfill owner was concerned 

that drill holes penetrating the clay unit would compromise its 

integrity. To satisfy that concern, it was decided that drilling 

would be terminated at least 3 m (10 ft) above the projected 

original ground surface. Ground elevation outside the landfill is 

approximately 183m (600ft) above mean sea level (MSL); therefore, 

it was agreed that the bottoms of the drill holes would be at 

186.7 m (612 ft) above MSL. Two boreholes (B23RC20 and B23RC21) 
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were drilled to the predetermined depth, and radiological and 
chemical samples were collected. Results of this investigation are 
discussed in Section 4.2.3. 

Evaluation of potential for movement of radioactive sediments 
from Area A. To evaluate the potential for migration of 
contamination from Area A, surface water and sediment samples were 
collected downstream of Area A in the Seaway-Niagara Mohawk 
drainage ditch. The samples were collected in conjunction with the 
surface water and sediment investigation (See Section 2.1.4). 

Surface and subsurface soil samples were also collected along 
the drainage ditch.and analyzed for uranium-238, radium-226, 
thorium-230, and thorium-232. Results are presented in 
Section 4.2.3. 

2.1.3 Meteorological Investigation 

The investigation of the climate in the Tonawanda area 
consisted of a review of published reports and an evaluation of 
historical data collected monthly by the National Oceanic and 
Atmospheric Administration (NOAA) at the Greater Buffalo 
International Airport (Department of Commerce 1980, 1983, 1990). 
Given the similarity of climatogical conditions at the properties 
and data from observational stations included in the NOAA reports, 
and because the airport is only about 6.km (10 mi) from the 
properties, these data are considered sufficient. 

2.1.4 surface water and Sediment Investigation 

Surface water and sediments at the Tonawanda properties were 
sampled for radionuclides and metals during the general site 
characterization activities in 1988 and 1989. 

Because historical references and the characterization data 
indicated the potential migration of contaminants from Ashland 1 to 
Seaway, Niagara Mohawk, and Ashland 2 via surface water and 
sediments, additional samples were collected during the 1990-91 
investigations for a selective evaluation of these potential 
migration pathways. A surface water hydrology investigation of all 
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properties was also conducted during the second phase of the RI to 

evaluate and better understand the potential for contaminant 

migration (see Section 3.3). 

Linde 

Review of aerial photographs shows that there have been no 

significant alterations of surface drainage patterns (e.g., creeks 

and ditches) at Linde since the plant was constructed. Therefore, 

only existing surface water drainage pathways required sampling. 

Figure 2-16 shows the onsite surface water and sediment sampling 

locations for Linde. 

Location 4 is upstream of Linde, and locations 1, 2, and 3 are 

downstream. Locations 5 through 16 are along surface drainage 

basins. Locations 7, 9, and 10 were designated for sampling, but 

samples were not collected because no water or sediment was 

present; Figure 2-16 indicates "no sample collected" for these 

locations. Comparison of upstream and downstream sampling results 

allowed determination of Linde's effect on surface water and 
sediment. 

The marshes to the north and east of Linde were not 

characterized because the landowner would not allow access. The 

walkover gamma survey of the Linde property adjacent to the marshes 

did not indicate the potential for radioactive contamination to 

extend onto this vicinity property. 

Radiological parameters included uranium-238, radium-226, 

thorium-230, and thorium-232. Nonradiological parameters included 

metals, VOCs, and BNAEs. Analytical methods are presented in 

Appendix D, and analytical results are discussed in Section 4.2.1. 

Ashland 1, Ashland 2, and Seaway 

Aerial photographs were reviewed to determine any changes in 

the surface drainage patterns for the Ashland properties. Based on 

site visits and review of the photographs, 13 sampling points were 

selected for characterization. Surface water and sediment samples 
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were taken from existing Ashland 1 and Ashland 2 drainage pathways 
to determine potential contaminants and contaminant movement. 

sampling locations are shown in Figure 2-17 with an "SP" prefix 
for "sampling point." Locations SP-10 and SP-11 are shown in 
Figure 2-18. Grab samples (identified by a "GS" prefix) were taken 
at eight points selected by field sampling personnel. At sampling 
locations that were dry, only sediment samples were taken. 
Sediments along Rattlesnake Creek and the drainage ditch from 
Ashland 1 were sampled at eight locations (AS-1 through AS-8 in 
Figure 2-18) during a one-time sampling event. These samples are 
identified by an "AS" prefix for "additional sample." 

Ashland 1 and Ashland 2 share a drainage ditch that flows into 
Rattlesnake Creek, into Twomile Creek, and then into the Niagara 
River. Because GS-5 is upstream of the properties, concentrations 
of radioactive or chemical contaminants at this location can be 
considered to represent area background concentrations. SP-2 is 
downstream of Ashland 1; therefore, sampling at this location 
should reveal whether any contaminants are migrating from Ashland 1 
via the surface water route (see Figure 2-17). Sampling at SP-3, 
on the Niagara Mohawk property downstream of Ashland 1, should 
reveal whether contaminants are migrating from Ashland 1 or 
leaching into the RCP that runs beneath the Seaway landfill. 

SP-5, SP-6, and SP-7 were chosen to characterize the Seaway
Niagara Mohawk drainage ditch, a small ditch that begins at the 
border of Seaway and the Niagara Mohawk property. During field 
activities, these sampling points were dry and only sediment was 
collected. The ditch appears to drain the section of the Seaway 
property known to be radioactively contaminated; therefore, any 
contaminants detected at locations SP-5, SP-6, and SP-7 could have 
migrated. No surface drainage system is known to have been altered 
since the area became contaminated. 

SP-8 was established to assist in characterizing surface 
contaminant movement from a tributary branch to Rattlesnake Creek; 
SP-9 and SP-10 were established downstream of the convergence of 
the tributary and Rattlesnake Creek. SP-11 is at the mouth of 
Twomile creek, and AS-3 is on Twomile Creek upstream of the point 
where Rattlesnake Creek enters Twomile Creek. Any contamination 
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found at AS-3 would suggest that a contaminant source exists at the 

Linde property or some other facility or property that drains into 

Twomile Creek. 
SP-12 and SP-13 provide additional information about the area 

used for disposal of oil refinery residues and the Ashland 2 South 

drainage ditch. Any contaminants migrating from the area would 

follow the access road and potentially migrate into the Ashland 2 

South drainage ditch. Results for SP-12 and SP-13 could be 

compared to determine whether contaminants are entering the ditch 

from the road. 
GS-4, GS-5, and GS-6 (Figure 2-17) are near the western, 

eastern, and northern boundaries, respectively, of the Ashland Oil 

Refinery. These points are not influenced by surface water runoff 

from Ashland 1 and therefore will assist in differentiating 

chemicals associated with oil refining processes from those 

associated with MED activities. 

The ten sampling locations along Rattlesnake Creek and the 

Ashland 1 drainage ditch (AS-1 through AS-10) were selected to give 

additional information on contaminant concentrations and potential 
contaminant migration. 

During the 1990-91 investigation, surface water and sediment 

samples collected from the six locations shown in Figure 2-19 and 

from the mouth of Twomile Creek were analyzed for radioactive and 

nonradioactive constituents. 

A drainage ditch runs from location 113 along the western end 

of Ashland 1 and then along the northern property line of the 

Ashland Oil Refinery to locations 110 and 115. The ditch continues 

under Seaway via an RCP and resurfaces at location 111. Samples 

were collected at location 115 to investigate the possibility that 

contamination is moving from Ashland 1 into the ditch. Samples 

were also taken at location 111 to determine whether contamination 

is migrating from Ashland 1 and Seaway onto the Niagara Mohawk 

property and at location 116 (at the mouth of Twomile Creek) to 

determine whether contamination is migrating from Ashland 2 andjor 

Linde and entering the Niagara River. 

Radiological parameters included uranium-238, radium-226, 

thorium-230, and thorium-232. Nonradiological parameters included 
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metals, vocs, semivolatile organics, TOX, and TOC. Methods of 

analysis are presented in Appendix D. Analytical results are 

discussed in Sections 4.2.2 through 4.2.5. 

All Properties 

Because areas of surface contamination exist on the properties, 

surface runoff (overland flow) is a potential pathway for offsite 

migration of contaminants. To investigate the potential for 

migration of contaminants via surface water and sediments, a 

surface water hydrological investigation was conducted. The 

investigation included of a review of published reports and a site 

visit to investigate surface water bodies, drainage channel 

characteristics, soils, erosion potential, and watersheds. 

2.1.5 Geological and Groundwater Investigations 

A preliminary geotechnical investigation was conducted in 1987 

in the southern portion of Ashland 2 to investigate area 

geotechnical conditions. Additionally, a shallow seismic 

refraction survey was conducted in May 1987, and an electromagnetic 

conductivity survey was performed in November 1987. All field work 

was preceded by an extensive literature search on geologic and 

groundwater conditions at the property and in the surrounding 

region. Results of the geotechnical investigation are documented 

in the Preliminary Geological and Hydrogeological Characterization 

Report for the Southern Portion of the Ashland 2 Site (BNI 1987). 

The 1988-89 geological and hydrogeological characterization of 

Linde, Ashland 1, and Ashland 2 involved installing monitoring 

wells and drilling radiological sampling and geologic boreholes 

(see Sections 3.4 through 3.6). Boreholes were geologically logged 

to establish a representative subsurface profile for each property 

and determine the existence of potential migratiqn pathways. 

A 1990-91 geotechnical investigation in the vicinity of Seaway 

was conducted as part of the second phase of the RI to establish 

additional information on the Ashland area geotechnical conditions \--

(see Section 3.5.2). 
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As part of the RI environmental monitoring program for the 

Tonawanda properties, groundwater samples were collected from wells 

installed at Linde, Ashland 1, and Ashland 2. The wells were 

installed during the site characterizations and were sampled during 

1989 and 1990; an additional verification sample was collected from 

Linde in 1992. The 1989-90 samples were analyzed for radiological 

and indicator parameters. Radiological parameters included 

uranium-234, uranium-235, uranium-238, thorium-228, thorium-230, 

thorium-232, gross alpha and beta radiation, radium-226, and 

potassium-40. Indicator parameters included metals, TOX, TOC, 

fluoride, nitrate, pH, and specific conductance. The analyses 

conducted on the 1992 verification sample included a full suite of 

inorganic constituents, pH, specific conductance, selected metals, 

total dissolved solids (TDS), TOC, tentatively identified compounds 

(TICs), temperature, and filtered and unfiltered concentrations of 

radionuclides. Methods of analysis are presented in Appendix D. 

The results are discussed in Section 4.3. 

The following sections discuss the installation of the site 
characterization boreholes and monitoring wells. 

Linde 

During the general site characterization, eight geologic 

boreholes were completed as monitoring wells at Linde 

(Figure 2-20). Boreholes were advanced and completed using the 

same equipment and methods as described in the following section 

for Ashland 1 and 2. The only exceptions were that for boreholes 

completed as monitoring wells, 12-in. steel conductor casing was 

used instead of 10-in. polyvinyl chloride (PVC) casing, and double 

packers were used instead of single packers. (A double packer 

consists of two inflatable devices that are placed above and below 

the test interval to isolate the interval.) 

Monitoring well boreholes were advanced in bedrock to a minimum 

depth of 45.7 m (150 ft) using NX wire line and coring equipment. 

(NX is an abbreviation designated by the Diamond Core Drill 

Manufacturers• Association as a standard for dimensions of diamond 

coring equipment. NX core has a nominal diameter of 2.155 in.). 
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The core was retrieved and examined to determine rock quality and 
characteristics. Double-packer, constant-head permeability tests 

were conducted in 2.6- to 2.8-m (8.5- to 9.2-ft) intervals in the 
cored zones. Drilling fluid was hydrant water, which was sampled 

and chemically analyzed. Severe weather conditions precluded 
completion of testing all intervals in B29W07D. 

After permeability tests were performed and soil samples were 

obtained for radiological analyses, wells were completed by 
backfilling the designated boreholes to the recommended depth. All 

monitoring wells were completed at least partially in the bedrock 
material. Initially, paired wells (one monitoring overburden, and 
one monitoring bedrock) were planned. Primary considerations for 

placing monitoring wells were to establish a representative 

stratigraphic sequence, determine hydraulic gradients and flow 
direction, and quantify contaminant concentrations near known 

injection wells. During drilling activities, no elevated 
radioactivity was found within the saturated overburden material; 
therefore, it was determined that wells completed in this material 

were not integral to the characterization. 
Monitoring well boreholes were reamed to dimensions designated 

in design drawings and technical specifications (BNI 1989a). 
Samples of all well construction materials were submitted to BNI 
for approval before installation, and all materials were inspected 

onsite to ensure quality and conformance with submittals. A 10-cm 

(4-in.), type 316 stainless steel riser casing and well screen with 
a 0.03-cm- (0.01-in.) slot were installed in each well. stainless 

steel stabilizers were placed per BNI technical specifications 

(BNI 1989a). As directed by BNI hydrogeologists, filter pack and 
bentonite seals were emplaced by a tremied slurry to designated 

depths. Construction elevations, depths, and dimensions of 

monitoring wells are detailed in Table 2-19. Monitoring wells were 

completed by installing flush-mount surface seals, per BNI 

technical specifications (BNI 1989a). Well construction logs are 
included in Appendix B. 

All wells were developed using techniques described for wells 

at Ashland 1 and 2. 
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Ashland 1 and Ashland 2 

During the general site characterization at Ashland 1, 

57 boreholes and 4 monitoring wells (2 shallow and 2 deep) were 
completed. overburden samples were obtained using standard 
penetration tests with 5-cm- (2-in.-) diameter split-spoon 
samplers. Samplers were driven continuously through undisturbed 

soil, then every 3 m (10 ft) to bedrock. In the deep well 
locations, drill holes were advanced 3 to ·4 m (10 to 14 ft) into 

bedrock using NX coring equipment. Single-packer, constant-head 
permeability test~ were attempted in cored intervals. (Single 
packer is defined as one inflatable device used in a borehole test 
to isolate a targeted interval. It is most often used to test the 

bottom interval of the borehole.) 
Restricted by limited access because of the terrain, Ashland 2 

drilling was completed by installing 21 boreholes and 4 monitoring 
wells. 

on the southern portion of Ashland 2, 16 geologic boreholes 
(9 designated for limited chemical sampling) were drilled, and 
9 monitoring wells {including 4 pairs) were completed. The deep 
well of each pair was drilled, sampled, and completed first. 
Depending on sampling requirements determined by BNI, generally 

only the top 1.8 to 3 m (6 to 10 ft) was sampled in shallow 
boreholes. 

Boreholes were advanced using 6.25-in. hollow-stem augers. 
Overburden samples were obtained by the standard penetration test 

using 5-cm- (2-in.-) diameter, 0.6-m- (2-ft-) long split-spoon 
samplers continuously to a minimum depth of 0.6 m (2 ft) into 

undisturbed soil. After undisturbed material was reached, augers 

were removed to facilitate installation of 10-cm (4-in.) temporary 
PVC casing. All boreholes were gamma-logged to ensure that the 
maximum depth of contamination was reached. Static water levels 
were measured before the temporary casing was removed, and all 
boreholes were backfilled by the tremie method with bentonite 

cement. 
Upon verification of the maximum depth of contamination, 

boreholes were reamed to dimensions set forth in design drawings 
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and technical specifications. A 25-cm (10-in.) PVC conductor 
casing was tremie-grouted with bentonite cement that was allowed to 
cure a minimum of 24 hours before the borehole was advanced through 

undisturbed material. Boreholes were then advanced using 21-cm 
(8.25-in.) hollow-stem auger~, and soil samples were obtained using 
5-cm- (2-in.-) diameter split-spoon samplers. Samplers were driven 
every 1.5 m (5 ft) or at changes in lithology to refusal at top of 

bedrock. Boreholes were advanced 3 to 4.3 m (10 to 14 ft) into 

bedrock using NX coring equipment. Drilling fluid was hydrant 
water, which was sampled and chemically analyzed. Single-packer, 
constant-head permeability tests were attempted in cored intervals. 

Monitoring wells were completed in either the unconsolidated 

overburden or bedrock material (see Figure 2-21). Boreholes were 

reamed to dimensions set forth in design drawings and technical 
specifications (BNI 1988a). Samples of all well construction 

materials were submitted to BNI for approval before installation, 
and all materials were inspected onsite to ensure quality and 
conformance with submittals. 

Well materials included a 5-cm (2-in.), type 316 stainless 

steel riser casing and well screen with a 0.03-cm (0.01-in.) slot. 
Stainless steel stabilizers were emplaced per project technical 

specifications (BNI 1988a). As directed by project 
hydrogeologists, filter pack and bentonite seals were emplaced by a 

tremied slurry to designated depths. Monitoring well construction 

elevations, depths, and dimensions are detailed in Table 2-20. 
Monitoring wells were completed by installing standard surface 

seals, per technical specifications (BNI 1988b). Well construction 
logs are included in Appendix B. 

All wells were developed using an alternating pump and surge 

procedure; wells screened in the clayey zones required additional 
water injection. The objectives of well development were to 

(1) restore formation material damaged by drilling activities, 

(2) stabilize the formation zone adjacent to the screen, 

(3) recover the volume of fluids lost during drilling andfor 

permeability testing, (4) produce a turbidity-free water sample 

with few suspended solids, and (5) establish initial physical 

properties and behavior of the water-bearing zone. Specific 
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conditions encountered at each well dictated individual development 

activities. 

seaway 

A data objective of the second phase of the RI was to determine 
the geotechnical properties of the Niagara Mohawk property east of 
the Seaway landfill to establish additional information on the 

Ashland area geotechnical conditions. 
Four boreholes were drilled on the property to establish the 

general longitudinal profile, obtain disturbed and undisturbed soil 
samples for laboratory testing, and evaluate groundwater 
conditions. 

The geotechnical investigation was based on the typical soil 
profile established from previous drilling programs at Ashland 2. 
The target sampling intervals were the lower plastic section of the, 
bottom of the brown clay layer, the upper third of the silty clay, 
and the bottom third of the silty clay. Identification of these 
sampling intervals was based on standard penetration test (SPT) "N" 
values and physical and geologic properties. 

Figure 2-22 shows the locations of the geologic boreholes; 
Table 2-21 gives the grid points of the boreholes. 

Boreholes were advanced through the overburden section using 
16.5-cm (6.5-in.) hollow-stem augers. In boreholes B55G46 and 
B55G49, the overburden was sampled continuously using the SPT 

method to a depth of 12m (40ft), then at 1.5-m (5-ft) intervals 
to the top of bedrock. The two boreholes were advanced 1.5 m 
(5 ft) into bedrock using an NX-size, solid-tube core barrel. 

In boreholes B55G47 and B55G48, split-spoon samples were 
obtained at 1.5-m (5-ft) intervals to a depth of 6 m (20ft), 
followed by alternating SPT and Shelby tube samples collected 
continuously to a depth of 15m (50ft). 

Disturbed and undisturbed samples were analyzed for particle 

size, Atterberg limits, soil classification, moisture content, 
specific gravity, unit weight, effective cation exchange capacity, 

distribution ratio for radium, centrifuge moisture equivalent, 
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constant-head permeability, triaxial compression, and 
consolidation. Results of the investigation are presented in 
Section 3.5.2. 

2.1.6 Soil and Vadose Zone Investigations 

Soil characteristics, including soils in the vadose zone (the 
zone of soil above the water table), were investigated to determine 
the potential for contaminant migration in the soils. The RI 
activities included identification of characteristics that may 
affect contaminant migration, including permeability, particle 
size, soil classification, effective porosity (moisture content, 
specific gravity, and centrifuge moistupe coefficient), coefficient 
of distribution, activity coefficient, and cation exchange 
capacity. 

Using the information gathered during the site investigations, 
theoretical retardation factors for the soils and vadose zone were 
calculated and used to establish contaminant migration potential. 
Results of the analyses are discussed in Sections 3.5 and 4.2. 

2.1.7 Demographic Investigations 

During the RI activities, the segment of the human population 
that may be potentially exposed to the contaminants found on the 
Tonawanda properties was identified, enumerated, and characterized. 
This activity included an extensive review .of historical documents 
(land use maps, aerial photographs, and tax maps) and existing 
reports (Census Bureau reports and previous engineering ~nd 
environmental evaluations). Results of the investigations are 
presented in Section 3.7. 

2.1.8 Ecological Investigations 

The ecological investigations at the Tonawanda site, conducted 
from 1988 through 1992, consisted of a review of existing documents. 
on regional ecology and observations made by onsite personnel. An 

additional investigation to determine whether the marsh areas on 
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Ashland 2 and northeast of Linde should be classified as wetlands 

was conducted using aerial photographs of the site, National 

Wetland Inventory maps, soil maps, and discussions with site and 

state personnel. The results of the ecological investigations are 

presented in Section 3.8. The results of the wetlands 
investigations are presented in Section 3.3.6. 
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Figure 2-13 
First-Phase Radiological Soil Sampling Locations at Seaway 
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Second-Phase Chemical Soil Sampling Locations at Seaway 
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Table 2-1 

First-Phase Radiological Borehole summary for Linde 

Page 1 of 3 

Borehole Depth to 
Sampling Grid Coordinate Depth Undisturbed 
Location8 North East (ft) Soil (ft) 

B29R06 2000 1250 6 0.3 
B29R08 1808 1264 6 2.1 
B29R10 2080 1285 6 ·3 
B29R11 1240 1300 6 0 
B29R12 2000 1380 6 1 
B29R13 1900 1320 6 0.5 
B29R15 2070 1400 6 2.1 
B29R16 1800 1400 6 2.7 
B29R17 2050 1530 10 0.4 
B29R18 1900 1500 6 0.8 
B29R19 1800 1550 6 0.7 
B29R20 1900 1600 6 0.9 
B29R21 2150 1700 6 4.6 
B29R23 1795 2200 9 7 
B29R24 1775 2240 7 3.5 
B29R25 1700 2206 8 2.4 
B29R26 1610 2221 8 4.3 
B29R27 1595 2243 8 4.2 
B29R28 1500 2200 6 2.4 
B29R29 1425 2226 8 4.1 
B29R30 1380 2270 7 3.9 
B29R31 1365 2225 8 1.7 
B29R32 1291 2203 6 0.9 
B29R33 2015 2300 6 2.4 
B29R34 1930 2320 6 4 
B29R35 1802 2340 6 2.7 
B29R36 1745 2294 11 4.8 
B29R37 1750 2390 12 7.8 
B29R38 1670 2332 8 4.1 
B29R39 1600 2368 6 3.8 
B29R40 1477 2320 8 3 
B29R41 1338 2331 7 2.5 
B29R42 1291 2328 6 0.3 
B29R43 2067 2420 6 4 
B29R44 1700 2410 7 3 
B29R45 1613 2462 6 2.1 
B29R46 1488 2390 6 2.9 
B29R47 1380 2400 8 3 
B29R48 1338 2464 6 2.1 
B29R49 1200 2408 6 1 
B29R50 1590 2508 6 2.1 
B29R51 1522 2570 6 1.4 
B29R52 1475 2553 7 1.3 
B29R53 1429 2566 6 2 
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Table 2-1 

(continued) 

Page 2 of 3 

Borehole Depth to 
Sampling Grid Coordinate Depth Undisturbed 
Locationa North East (ft) Soil (ft) 

B29R54 1404 2512 6 1.7 
B29R55 1384 2565 6 3.7 
B29R56 1318 2512 6 3.5 
B29R57 1482 2630 6 2.1 
B29R59 1110 2600 6 1 
B29R60 851 2205 6 4.1 
B29R61 748 2204 6 2.1 
B29R63 2150 1650 6 2.8 
B29R64 2000 1670 6 2 
B29R65 2221 1705 8 4.5 
B29R66 2070 1730 6 3.5 
B29R68 2220 1800 6 3 
B29R69 2220 1873 6 2.8 
B29R70 2150 1850 6 2.5 
B29R71 2080 1800 6 3 
B29R72 2000 1850 6 2.4 
B29R73 2255 1950 6 2.6 
B29R74 2250 2000 6 4 
B29R75 2220 2050 8 4.1 
B29R76 2252 2098 6 3.8 
B29R77 2270 2130 32 NMb 
B29R78 2250 2230 6 3.4 
B29R79 2200 2200 7 3.4 
B29R81 2250 2350 8 4.4 
B29R82 2200 2350 6 4 
B29R83 2150 2400 6 4 
B29R85 2190 2530 8 4.7 
B29R86 2100 2510 6 3.8 
B29R87 2055 2550 10 7.3 
B29R88 1800 2500 21 17.1 
B29R91 2200 2600 8 4.8 
B29R92 2192 2670 6 2 
B29R93 2097 2628 8 4.4 
B29R94 1955 2650 6 3.9 
B29R99 2270 2678 6 3.2 
B29R100 2227 2784 6 3.7 
B29R101 2141 2700 7 3 
B29R102 2120 2795 6 3.3 
B29R103 2040 2700 6 3.8 
B29R104 2000 2780 6 3.7 
B29R105 1845 2780 6 2.2 
B29Rl06 1730 2750 6 3.9 
B29R107 1614 2680 6 3.8 
B29R108 1560 2733 8 3.5 
B29R110 2227 2837 6 3 
B29R112 2100 2820 6 3 
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Table 2-1 

(continued) 

Page 3 of 3 

Borehole Depth to 
Sampling Grid Coordinate Depth Undisturbed 
Location a North East (ft) Soil (ft) 

B29R114 2000 2810 8 2.9 
B29R116 1900 2800 6 2.2 
B29W1D 2030 1751 150 2.1 
B29W3D 1479 1740 153 1.8 
B29W5D 208 1790 154 0 
B29W7D 2260 2452 145 2.3 
B29W9D 1804 2374 149 2.6 
B29W10D 834 2268 155 2.2 
B29W11D 2233 2808 149 1.6 
B29W13D 1394 2659 153 1.8 
B29Rr 2250 1140 3 NM 
B29R2c 2070 1150 3 NM 
B29R3c 1900 1180 3 NM 
B29R4c 2250 1220 3 NM 
B29R5c 2160 1220 3 NM 
B29R7c 1800 1200 3 NM 
B29R9c 2250 1300 3 NM 
B29R14c 2230 1430 3 NM 
B29R62c 2250 1670 3 NM 
B29Raoc 2270 2300 3 NM 
B29R84c 2270 2500 3 NM 
B29R89c 2365 2600 3 NM 
B29R90c 2270 2600 3 NM 
B29R119c 1610 2820 3 NM 
B29R120c 1500 2800 3 NM 
B29R123c 1900 2970 3 NM 
B29R124c 1780 2920 3 NM 
B29R125d 1925 2595 6 NM 

8 Sampling locations are shown in Figure 2-1. 

bNM - not measured. 

cLocation sampled with a hand auger. 

dBorehole drilled in the blast wall east of Building 58; the 
borehole does not penetrate ground surface. 
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Table 2-2 
Pirst- and Second-Phase Tarqet 

Volatile organic Compounds 
Analyzed for the Tonawanda Site 

1,1,1-Trichloroethane 
1,1,2,2-Tetrachloroethane 
1,1,2-Trichloroethane 
1,1-Dichloroethane 
1,1-Dichloroethene 
1,2-Dichloroethene (total) 
1,2-Dichloroethane 
1,2-Dichloropropane 
2-Butanone 
2-Hexanone 
4-Methyl-2-pentanone 
Acetone 
Acrolein 
Acrylonitrile 
Benzene 
Bromodichloromethane 
Bromoethane 
Bromoform 
Carbon disulfide 
carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
2-Chloroethylvinylether 
cis-1,3-Dichloropropene 
Dibromochloromethane 
Dichlorodifluoromethanea 
Ethylbenzene 
Methylene chloride 
styrene 
Tetrachloroethane 
Toluene 
trans-1,3-Dichloropropene 
trans-1,2-Dichloroethane8 

Trichloroethane 
Trichlorofluoromethanea 
Vinyl acetate 
Vinyl chloride 
Xylenes (total) 

8Additional first-phase target 
volatile organic compounds. 
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Table 2-3 

Target BNAE8 Compounds Analyzed for 

the Tonawanda Site 

1,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl-phenylether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl-phenylether 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 

Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Benzoic acid 
Benzyl alcohol 
bis(2-Chloroethoxy)methane 
bis(2-Chloroethyl)ether 
bis(2-Chloroisopropyl)ether 
bis(2-Ethylhexyl)phthalate 
Butylbenzylphthalate 
Chrysene 
Di-n-butylphthalate 
Di-n-octylphthalate 
Dibenz(a,h)anthracene 
Dibenzofuran 
Diethylphthalate 
Dimethylphthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(1,2,3-cd)pyrene 
Isophorone 
N-nitroso-di-n-propylamine 
N-nitrosodiphenylamine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 

8 BNAE - basejneutral and acid extractable. 
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Table 2-4 
Target RcRA• Characteristics 

Analyzed for the Tonawanda Site 

Reactivity 

cyanide (total) 
Sulfide 

corrosivity by pH 

Ignitability 

spb Toxicity 

BP Pesticides 

Endrin 
Gamma-BHC (lindane) 
Methoxychlor 
Toxaphene 

BP Herbicides 

2,4-D 
2,4,5-TP 
2,4,5-T 

BP Metals 

Arsenic 
Barium 
cadmium 
Chromium 
Lead 
Mercury 
selenium 
Silver 
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Table 2-4 
(continued) 

Tee Pesticides 

Chlordane 
Endrin 
Gamma-BHC (lindane) 
Heptachlor 
Methoxychlor 
Toxaphene 

TC Herbicides 

2,4-Dichlorophenol 
2,4,5-Trichlorophenol (silvex) 

TC Metals 

Aresenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercucy 
Selenium 
Silver 

TC Volatiles 

Benzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
1,2-Dichloroethane 
1,1-Dichloroethene 
Methyl ethyl ketone 
Tetrachloroethene 
Trichloroethene 
Vinyl chloride 

TC BNAEd orqanics 

o-Cresol 
m-Cresol 
p-Cresol 
~,4-Dichlorobenzene 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachloro-1J3-butadiene 
Hexachloroetnane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 

aRCRA - Resource Conservation and 
Recovery Act. 

bEP - exeraction procedure 
:Tc - toxicity characteristic 
BNAE - base/neutral and acid 
extractable. 
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Table 2-S 
Tarqet Metals Analyzed 
for the Tonawanda Sitea 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
vanadium 
Zinc 

4All metals were analyzed by 
inductively coupled plasma atomic 
emission spectrophotometry with the 
exception of arsenic, lead, selenium, 
and thallium, which were analyzed by 
atomic absorption. 
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Table 2-6 

First-Phase Chemical Borehole summary 

for Linde 

Page 1 of 2 

Sanpli:rg 
Sampling Grid Coordinate Depth 
Location8 North East (ft) 

B29R10 2080 1285 0-2 
2-6 

B29R16 1800 1400 0-2 
2-6 

B29R23 1795 2340 0-2 
2-6 
6-8 

B29R30 1380 2270 1-3 
3-7 

B29R34 1930 2320 0-2 
2-6 

B29R38 1670 2332 0-2 
4-8 

B29R40 1477 2320 2-4 
4-7 

B29R43 2067 2420 0-2 
2-6 

B29R48 1338 2464 0-2 
2-6 

B29R51 1522 2570 0-2 
2-6 

B29R61 748 2204 0-1 
2-6 

B29R68 2220 1800 0-2 
2-6 

B29R82 2200 2350 0-2 
2-6 

B29R88 1800 2500 17-21 
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Page 2 of 2 

Sampling 
Location a 

B29R101 

B29W09D 

B29W10D 

'l'able 2-6 

(continued) 

Grid Coordinate 
North East 

2141 2700 

1804 2374 

1833 2268 

Bampl:irg 
Depth 
(ft) 

1-3 
3-7 

0-2 
2-4 
4-6 

0-2 
2-4 
4-6 

8 Sampling locations are shown in Figure 2-2. 
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Table 2-7 

Second-Phase Radiological sampling Location 

Summary for the Northeastern Fenceline at Linde 

Sampling Grid Coordinate Depth 
Location a North East (ft) 

B29R126 2900 2250 0 
B29R127 2954 1900 0.5 
B29R128 2920 1850 3 
B29R129 3006 2100 0.5 
B29R130 2970 2200 0.5 
B29R131 2960 2000 0.5 
B29R132 2930 2300 0.5 
B29R133 2980 2050 0.5 
B29R134 2900 1800 0.5 
B29R135 2900 1700 0.5 
B29R136 2940 1950 0.5 
B29R137 2865 2300 0.5 
B29R138 2900 2200 0.5 
B29R139 2980 2150 0.5 
B29R140 2800 1700 3 
B29R141 2928 1940 3 
B29R142 2860 2010 3 
B29R143 2870 2100 3 
B29R144 2810 1780 3 
B29R145 2805 1880 3 
B29R146 2830 1950 3 
B29R147 2860 2050 3 
B29R148 2880 2200 3 
B29R149 2900 2300 3 
B29R150 2845 2103 3 
B29R151 2970 2150 3 
B29R152 2990 2300 3 
B29R153 2950 2030 3 

aAll locations were sampled with a hand auger. 
sampling locations are shown in Figure 2-3. 

503_0060 (12/28/92) 2-69 



503_0060 (12/28/92) 

Ta):)le 2-s 
second-Phase Radiological sampling Location 

summary for the Blast Wall Adjacent to 
Building 58 at Linde 

Sampling Grid Coordinate Depth 
Location8 North East (ft) 

B29HA01 2598 1930 4 

B29HA02 2595 1930 4.5 

B29HA03 2598 1923 4 

B29HA04 2595 1923 3 

B29HA05 2598 1883 3 

B29HA06 2598 1828 3 

8All locations were sampled with a hand auger. 
Sampling locations are shown in Figure 2-4. 
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Table 2-9 

First-Phase Radiological Borehole summary for Ashland 1 

Page 1 of 3 

Borehole Depth to 
Sampling Grid Coordinate Depth Undisturbed 
Location8 North East (ft) Soil (ft) 

B03R001 550 4000 10 5.5 
B03R002 550 4200 10 2.5 
B03R003 600 4200 10 6.7 
B03R004 550 4300 10 4 
B03R006 400 4400 8 0.4 
B03R007 290 4380 8 4 
B03R008 600 4400 10 6 
B03R009 550 4500 10 6.4 
B03R010 280 4510 6 0.6 
B03R011 150 4500 12 8.2 
B03R013 400 4600 6 0.1 
B03R015 110 4580 8 4 
B03R016 600 4600 6 1 
B03R017 550 4700 10 3.1 
B03R018 400 4750 12 6.5 
B03R019 300 4700 10 4.5 
B03R020 110 4700 8 4.9 
B03R022 200 4800 14 10.3 
B03R023 600 4800 10 0.2 
B03R024 550 4900 10 6.2 
B03R025 400 4900 10 2.2 
B03R026 300 4900 10 4.3 
B03R027 110 4900 6 2.3 
B03R030 380 4970 6 0.1 
B03R031 240 4950 20 12.4 
B03R032 600 5000 10 6.6 
B03R033 550 5100 8 7 
B03R034 350 5070 10 0.2 
B03R035 240 5070 10 0.2 
B03R036 110 5100 8 5.2 
B03R038 450 5140 10 0.1 
B03R039 340 5140 10 0.1 
B03R040 200 5140 12 9 
B03R041 600 5200 10 0.3 
B03R043 400 5350 10 6.7 
B03R044 350 5350 14 8.2 
B03R045 155 5275 12 8.2 
B03R046 110 5300 12 8.3 
B03R047 600 5400 10 0.1 
B03R049 250 5400 12 8.5 
B03R050 200 5400 14 10 
B03R051 550 5450 10 8 
B03R052 375 5475 10 8 
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'!'able 2-9 

· ::ontinued) 

Page 2 of 3 

Borehole Depth to 
Sampling Grid Coordinate Depth Undisturbed 
Locationa North East (ft) Soil (ft) 

B03R053 385 5585 10 4.5 
B03R054 250 5500 10 6 
B03R055 170 5575 8 0.5 
B03R056 175 5570 6 0.5 
B03R057 500 5600 10 2 
B03R059 575 5700 10 0.4 
B03R060 375 5680 8 2.4 
B03R061 250 5700 6 1 
B03R14b 200 4600 12 10.5 
B03R14A 200 4602 16 10.5 
B03R29A 455 4950 15 8.7 
B03R29b 460 4950 15 8.7 
B03R42A 550 5350 15 6.1 
B03R42b 555 5350 10 8 
B03W001° 525 4148 37 3.9 
B03W002° 218 4387 91.1 7.3 
B03W003° 540 5050 71.5 8.1 
B03W004c 205 4948 40 10.5 
B03R101d 550 3800 3 NW 
B03R102d 560 3800 6 NM 
B03R103d 550 3900 6 NM 
B03R104d 300 4300 3 NM 
B03R105d 610 4450 3 NM 
B03R106d 620 4450 3 NM 
B03R107d 620 4550 3 NM 
B03R108d 610 4650 3 NM 
B03R109d 615 4750 3 NM 
B03R110d 610 4850 3 NM 
B03R111d 620 4850 3 NM 
B03R112d 605 4950 3 NM 
B03R113d 600 5050 3 NM 
B03R114d 610 5150 3 NM 
B03R115d 610 5175 3 NM 
B03R116d 625 5200 3 NM 
B03R117d 600 5225 3 NM 
B03R118d 600 5250 3 NM 
B03R119d 620 5250 3 NM 
B03R120d 610 5275 3 NM 
B03R121d 600 5300 3 NM 
B03R122d 625 5300 3 NM 
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Table 2-9 

(continued) 

Page 3 of 3 

Borehole Depth to 
Sampling Grid Coordinate Depth Undisturbed 
Location8 North East (ft) Soil (ft) 

B03R123d 610 5325 3 NM 
B03R124d 625 5350 3 NM 
B03R125d 605 5450 3 NM 
B03R126d 615 5525 3 NM 
B03R127d 625 5650 3 NM 
B03R128d 600 5650 3 NM 
B03R129d 570 5700 3 NM 
B03R130d 625 5700 

8 Sampling locations are shown in Figure 2-7. 

bBorehole moved to new "A" location. 

cBorehole completed as monitoring well. 

dLocation sampled with a hand auger. 

9 NM - not measured. 
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Table 2-10 

First-Phase Chemical Borehole summary 

for Ashland 1 

Borehole 
Location8 

B03R013 

B03R014 

B03R017 

B03R026 

B03R030 

B03R033 

B03R038 

B03R040 

B03R050 

B03R052 

B03R057 

B03R060 

Grid Coordinate 
North East 

400 4600 

200 4602 

550 4700 

300 4900 

380 4970 

550 5100 

450 5140 

200 5140 

200 5400 

375 5475 

550 5600 

375 5680 

Borehole 
Depth 
(ft) 

0-2 
2-4 

0-2 
2-8 
8-12 

12-14 

0-2 
2-6 

0-2 
2-8 

0-2 
2-6 

0-2 
2-6 
6-8 

0-2 
2-6 

0-2 
2-6 
6-10 

0-2 
4-6 
8-10 

10-12 

0-2 
2-6 
6-8 

0-2 
2-6 

0-2 
2-6 

•Borehole locations are shown in Figure 2-8. 
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Table 2-11 

second-Phase Radiological Borehole summary 

for Ashland 1 

Borehole 
Sampling Grid Coordinate Depth 
Location a North East (ft) 

B03R033A 5100 550 1-2 
5-6 
7-8 

B03R131 5103 541 1-2 
5-6 
7-8 

B03R132 5090 550 1-2 
5-6 
7-8 

B03R133 5110 551 0-1 
5-6 
7-8 

B03R134 5173 453 0-0.5 
B03R135 5290 517 0-1 

1-2 
1-3 
3-3.4 

B03R136 5297 407 0-1 
1-2 

B03R137 5318 313 0-1 
1-2 

B03R138 5198 246 0-1 

8 Sampling locations are shown in Figure 2-9. 
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Table 2-12 

First-Phase Radioloqical Borehole summary 

for Ashland 2 

Page 1 of 2 

Borehole Depth to 
Sampling Grid coordinate Depth Undisturbed 
Locationa North East (ft) Soil (ft) 

B32R001 2900 2400 8 6.5 
B32R002b 2660 2600 4 0.6 
B32R003 2600 2425 10 4 
B32R004 2575 2550 12 0.5 
B32R005 2550 2600 8 4 
B32R006 2540 2740 16 6.9 
B32R007 2450 2300 14 12.4 
B32R008 2450 2500 8 6 
B32R009 2450 2600 12 0.9 
B32R01o· 2447 2775 14 10.8 
B32R011A0 2450 2875 10 8 
B32R012 2325 2300 12 8.7 
B32R013° 2350 2550 4 NW 
B32R014 2350 2700 8 4.3 
B32R015 2350 2800 8 6.5 
B32R016° 2350 2975 18 16 
B32R017b,c 2196 2620 8 .NM 

B32R018 2250 2800 8 4 
B32R019 2200 2500 8 3 
B32R11 2450 2850 8 4.3 
B32R13A 2365 2550 14 NM 
B32R13B 2550 2370 16 14.4 
B32R16A 2350 2975 6 0.5 
B32R17 2250 2625 10 9.5 
B32W002b 2448 1784 107 6.5 
B32W003b 2070 2406 35 13 
B32R1018 1700 2300 3 NM 
B32R102 8 2600 2300 3 NM 
B32R103 8 2900 2300 6 NM 
B32R1048 1650 2400 3 NM 
B32R1058 1700 2400 3 NM 
B32R1068 1740 2400 3 NM 
B32R1078 2450 2400 3 NM 
B32R108 8 2700 2400 6 NM 
B32R1098 3100 2400 3 NM 
B32R1108 1800 2430 3 NM 
B32R1118 2325 2450 9 NM 
B32R112 8 1740 2500 3 NM 
B32R113 8 2750 2525 3 NM 
B32R114 8 1630 2600 3 NM 
B32R1158 2900 2600 3 NM 
B:: 2R1168 2150 2625 6 NM 
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Table 2-12 

(continued) 

Page 2 of 2 

Borehole Depth to 
Sampling Grid Coordinate Depth Undisturbed 
Locationa North East (ft) Soil (ft) 

B32R117e 1660 2650 3 NM 
B32R118e 1700 2650 3 NM 
B32R119e 2775 2650 3 NM 
B32R120e 2650 2750 6 NM 
B32R121e 2750 2775 3 NM 
B32R122e 1630 2800 3 NM 
B32R123e 2150 2800 6 NM 
B32R124e 2700 2800 3 NM 
B32R125e 2800 2800 6 NM 
B32R126e 2575 2825 6 NM 
B32R127e 2200 2900 6 NM 
B32R128e 2625 2900 3 NM 
B32Rl29e 2475 2925 3 NM 
B32Rl30e. 2675 2950 6 NM 
B32Rl3le 2600 3000 6 NM 
B32Rl32e 2700 3000 6 NM 
B32Rl33e 2250 3050 3 NM 
B32Rl34e 2500 3050 3 NM 
B32Rl35e 2600 3050 6 NM 
B32R136e 2500 3100 3 NM 
B32R137e .2300 3200 3 NM 
B32Rl38e 2190 3275 3 NM 
B32R139e 2050 3300 3 NM 
B32R140e 2100 3300 3 NM 
B32R141e 1700 3500 3 NM 
B32R142e 3450 4050 3 NM 
B32R143e 1900 4100 3 NM 
B32R144e 2490 5000 3 NM 
B32R145e 2480 5075 3 NM 
B32R146e 2525 5125 3 NM 

8 Borehole locations are shown in Figure 2-10. 

bBorehole completed as monitoring well. 

0 Borehole drilled but not sampled or redrilled at same location and 
renamed "A"; boreholes not redrilled were moved to the new "A" 
location. 

dNM - not measured 

eLocation sampled with a hand auger. 
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Table 2-13 

First-Phase Radiological Borehole Summary for Ashland 2 South 

Sampling 
Location• 

B55G030 
B55G031 
B55G032 
B55G033 
B55G034 
B55G035 
B55G036 
B55G037 
B55G038 
B55G039 
B55G040 
B55G041 
B55G042 
B55G043 
B55G044 
B55G045 
B55W031S 
B55W032M 
B55W033M 
B55W034D 
B55W035S 
BSSW036D 
B55W037M 
B55W038D 
BS5W039S 

Grid coordinate 
North .East 

2800.00 
2300.00 
2800.00 
2550.00 
2300.00 
2150.00 
2800.00 
2550.00 
2306.00 
2092.10 
2816.00 
2550.00 
2307.00 
2800.00 
2550.00 
2300.00 
2217.90 
2753.40 
3087.50 
3084.00 
3100.60 
3096.63 
3094.60 
2749.10 
2097.60 

3600.00 
3600.00 
3800.00 
3800.00 
3800.00 
3800.00 
4200.00 
4200.00 
4034.40 
4293.10 
4500.00 
4500.00 
4500.00 
4700.00 
4700.00 
4700.00 
3311.20 
3012.40 
3797.90 
3788.90 
4598.90 
4584.30 
5509.10 
5503.60 
4601.90 

Borehole 
Depth 
(ft) 

42 
42 
42 
42 
37 
42 
42 
42 
42 

6 
42 
24 
42 
22 
32 
34 
31 
72 
82 
98.5 
45 
96.3 
77 
98.2 
47 

•sorehole locations are shown in Figure 2-10. 

bft MSL - feet above mean sea level. 

0 GS - ground surface. 
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Bottom 
Elev. 

(ft MSL)b 

558 
553 
556 
557 
561 
555 
556 
557 
556 
594 
559 
576 
559 
580 
571 
569 
554 
522 
516 
500 
556 
505 
525 
505 
554 

Depth to 
Undisturbed 
Soil (ft) 

0.6 
0.5 
0.5 
0.8 

GS0 

0.7 
0.4 
1 

GS 
0.5 

GS 
0.3 

GS 
0.5 
0.7 
0.5 
0.3 

GS 
GS 
GS 
GS 
GS 
GS 
GS 
GS 



Table 2-14 

First-Phase Chemical Borehole summary 

for Ashland 2 

Page 1 of 2 

Sampl:in;J 
Sampling Grid Coordinate Depth 
Locationa North East (ft) 

B32R001 2900 2400 0-2 
2-4 

B32R002 2660 2600 0-2 

B32R005 2550 2740 0-2 
2-4 

B32R008 2450 2500 0-2 
2-6 

B32R011 2450 2875 0-2 
2-6 
6-8 

B32R012 2325 2300 0-2 
2-6 

B32R014 2350 2700 0-2 
2-6 

B32R016 2350 2975 0-2 
2-6 
6-10 

B32R017 2195 2625 0-2 

B55G030 2800 3600 0-2 

B55G031 2300 3600 0-2 
2-6 

B55G036 2800 4200 0-2 
2-6 

B55G039 2100 4200 0-2 
2-6 

B55G041 2550 4500 0-2 
2-6 
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Table 2-14 

(continued) 

Page 2 of 2 

Samplirg 
Sampling Grid Coordinate Depth 
Locationa North East (ft) 

B55G043 2800 4700 0-2 
2-6 

B55G044 2550 4700 0-2 
2-6 

B55G045· 2300 4700 0-2 
2-6 

B55W034D 3084 3789 0-2 
2-6 

aaorehole locations are shown in Figure 2-11. 
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'!'able 2-1s 

second-Phase Radiological Borehole summary 
for Ashland 2 

Sampling 
Location a 

B32R142b 
B32R143b 
B32R144b 
B32R145b 
B32R146b 
B32R147b 
B32R148b 
B32R149b 
B32R150b 
B32R151b 
B32R152b 
B32R153b 
B32R154b 
B32R155b 
B32R156b 
B32R157b 
B32R158b 
B32R159b 
B32R160b 
B32R161b 
B32R901b 

B32R902c 

B32R903c 

B32R904° 

B32R905c 

Grid Coordinate 
North East 

2256 
2185 
2250 
2496 
2650 
2452 
2925 
3091 
3219 
3428 
3330 
3540 
3026 
2908 
2813 
2449 
2583 
2367 
2296 
2338 
2575 

2545 

2520 

2500 

2500 

2814 
3065 
3501 
3095 
2927 
3262 
2666 
2662 
2456 
2396 
2285 
2178 
1973 
1904 
2049 
2048 
1740 
1767 
1897 
2017 
1610 

1680 

1745 

1810 

1875 

Samplin;3' 
Depth 
(ft) 

0-0.5 
0-0.5 
0-0.5 
0-0.5 
0-0.5 
0-0.5 
0-0.5 
0-0.5 
0-0.5 
0-0.5 
0-0.5 
0-0.5 
0-0.5 
0-0.5 
0-0.5 
0-0.5 
0-0.5 
0-0.5 
0-0.5 
0-0.5 
0-2 
2-4 
6-8 
0-2 
2-4 
6-8 
0-2 
2-4 
6-8 
0-2 
2-4 
6-8 
0-2 
2-4 
4-6 

asampling locations are shown in Figure 2-12. 

bLocation sampled with a hand auger. 

0 Borehole location. 
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Table 2-16 

First-Phase Radiological Borehole summary 

for seaway 

Borehole 
Sampling Grid Coordinate Depth 
Location8 North East (ft) 

B23R001 1800 1200 4 

B23R002 2000 1600 3 

B23R003 2000 1200 4 

B23R004 2000 850 8 

B23R005 2200 1650 3 

B23R006 2200 1400 12 

B23R007 2200 1000 8 

B23R008 2400 1550 12 

323R009 2400 1200 9 

B23R010 2600 1650 0.5 

B23R011 2600 1400 3 

B23R012 2600 1000 5 

B23R013 2800 1550 4 

B23R014 2800 1200 7 

B23R015 3000 1400 7 

B23R016 2475 1640 2 

B23R017 2485 1690 2 

B23R018 2485 1740 2 

8 Sampling locations are shown in Figure 2-13. 
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Table 2-17 

second-Phase Radiological Borehole 

summary for seaway 

Page 1 of 2 

Borehole 
Sampling Grid Coordinate Depth 
Locationa East North (ft) 

B23RC19b 2440 1240 12 

B23RC20b 2100 1275 24 

B23RC21b 2750 1300 30 

B23RC22° 2650 1200 2 

B23RC23° 2590 1200 2.5 

B23RC24° 2420 1160 1 

B23RC25° 2300 1165 2 

B23RC26° 2700 1200 2 

B23RC27° 2200 1150 1 

B23RC28° 2600 1100 2.5 

B23RC29° 1900 1200 2 

B23RC30° 2000 1000 1 

B23RC31 c 2000 1400 ,4 

B23RC32° 2200 1100 2 

B29RC33° 2200 1300 2 

B23RC34° 2200 1550 2 

B23RC35° 2600 1550 4 

B23RC36° 2400 1550 2 

B23RC37° 2900 1550 2 

B23RC38° 3100 1550 3 

B23RC39° 2600 1400 1 

B23RC40° 2800 1400 1 

B23RC41° 3000 1400 1 

B23RC42° 2000 1150 2 

B23RC43° 2200 1450 1.5 

B23RC44° 2800 1450 2.5 

B23RC45° 2400 1450 1 

B23RC46° 2750 1250 2 
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Page 2 of 2 

sampling 
Locationa 

B23RC47° 

B23RC48° 

B23RC49° 

B23RC50° 

B23Rc5r 

B23RC52° 

B23RC53° 

B23RC54° 

B23RC55° 

B23RC56° 

B23RC57° 

B23RC58° 

B23RC59° 

B23RC60° 

B23RC61° 

Table 2-17 

(continued) 

Grid Coordinate 
East North 

2400 

2450 

2150 

2500 

2500 

2100 

2000 

2700 

2400 

2300 

4350 

4700 

4600 

5300 

5500 

1300 

1050 

1250 

1250 

1350 

1350 

1300 

1500 

1575 

1400 

570 

570 

570 

570 

580 

Borehole 
Depth 
(ft) 

2.5 

2.5 

1.5 

1 

2 

1 

3 

2 

3 

1 

3 

2 

2 

4 

2 

asampling locations are shown in Figure 2-14. 

bBorehole location. 

0 Location sampled with a hand auger. 
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Table 2-18 

Second-Phase Chemical Borehole Summary 

for Seaway 

Sampling 
Location a 

B23RC19b 

B23RC20b 

B23RC21b 

B23RC24° 

B23RC36° 

B23RC37° 

B23RC44° 

B23RC46° 

B23RC47° 

B23RC49° 

B23RC50° 

B23RC51° 

B23RC53° 

B23RC57° 

B23RC60° 

Grid Coordinate 
North East 

2440 

2100 

2750 

2420 

2400 

2900 

2800 

2750 

2400 

2150 

2500 

2500 

2000 

4350 

5300 

1240 

1275 

1300 

1160 

1550 

1550 

1450 

1250 

1300 

1250 

1250 

1350 

1300 

570 

570 

Borehole 
Depth 
(ft) 

12 

24 

30 

1 

2 

2 

2.5 

2 

2.5 

1.5 

1 

2 

3 

3 

4 

asampling locations are shown in Figure 2-15. 

bBorehole location. 

0 Location sampled with a hand auger. 
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Table 2-19 

Construction Elevations for Monitoring Wells 

Ground Monitored 
Borehole Elevation Interval 
Number• ( ft MSL)b (ft MSL) 

B29W01D 600.4 504.5 - 521.3 

B29W03D 601 .• 2 507.2 - 524.5 

B29W05D 599.9 501.0 - 516.2 

B29W07D 601.9 490.5 - 513.9 

B29W09D 603.3 499.9 - 513.3 

B29W10D 600.8 504.2 - 516.5 

B29W11D 603.5 506.0 - 518.7 

B29W13D 603.3 502.3 - 516.3 

•well locations are shown in Figure 2-20. 

bft MSL - feet above mean sea level. 

Bottom 
screened of 
Interval seal 
(ft MSL) (ft MSL) 

504.5 - 514.5 521.3 

~~Y/.2- 517.2 524.5 

501.0 - 511.0 516.2 

490.5 ...; 500.5 513.9 

499.9 - 509.9 513.3 

504.2 - 514.2 516.5 

506.0 - 516.0 518.7 

502.3 - 512.3 516.3 

at Linde 

Total Top of 
Depth Bedrock Material 

{ft MSL) {ft MSL) Monitored 

503.4 510.1 n~~drock 

505.6 518.9 Bedrock 

499.9 514.2 Bedrock 

489.4 505.8 Bedrock 

498.8 507.8 Bedrock 

503.1 514.4 Bedrock 

504.9 507.8 Bedrock 

501.2 510.4 Bedrock 



Table 2-20 

Construction Elevations for Monitoring Wells at Ashland 1 and Ashland 2 

Bottom 
Ground Monitored Screened of Total Top of 

Borehole Elevation Interval Interval Seal Depth 
Number• ( ft MSL)b (ft MSL) (ft MSL) (ft MSL) (ft MSL) 

Bedrock Material 
(ft MSL) Monitored 

B03W01S 589.76 568.8 - 578.3 568.8 - 573.4 578.3 567.58 NE" OBd 
B03W02D 595.29 505.7 - 512.3 . 505.7 - 510.3 512.3 504.79 581.1 BR• 
B03W03D 599.70 528.0 - 535.3 528.0 - 532.6 535.3 526.40 538.2 BR 
B03W04S 600.14 566.3 - 574.1 566.3 - 570.9 574.1 564.72 NE OB 
B32W02D 596.72 491.3 - 498.8 491.3 - 495.8 498.8 490.02 501.92 BR 
B32W03 595.91 562.16 - 568.91 562.16 - 566.76 568.91 561.01 NE · OB 
B55W17D 594.12 508.5 - 515.1 508.5 - 513.5 515.1 504.1 NE OB & BR 
B55W19 590.02 513.2 - 523.4 513.2 - 518.2 523.4 508.1 517.5 OB & BR 
B55W23 596.65 505.9 - 518.7 505.9 - 510.9 518.7 503.6 511.2 OB & BR 
B55W27 604.37 520.0 - 534~0 520.0 - 525.0 534.0 518.4 528.6 OB & BR 

....., B55W28 602.33 508.5 - 5i8.1 508.5 - 513.5 518.1 507.0 
I B55W30 603.90 574.0 - 585.4 574.0 - 584.0 585.4 548.9 

516.3 OB & BR 
NE OB 

co B55W31S 584.84 555.1 - 561.7 555.1 - 559.7 541.2 553.8 
-.J 

B55W32S 594.02 524.9 - 544.1 524.9 - 529.5 544.1 524.0 
NE OB 
NE OB 

B55W33S 597.90 519.1 - 556.4 519.1 - 523.7 554.4 515.9 NE OB 
B55W34D 598.12 499.8 - 506.4 499.8 - 504.4 506.4 499.6 509.5 BR 
B55W35S 601.44 557.4 - 576.4 557.4 - 562.0 576.4 556.4 NE OB 
B55W36D 601.11 505.5 - 512.7 505.5 - 510.1 512.7 504.81 515.3 BR 
B55W37S 602.08 525.8 - 533.1 525.8 - 530.4 533.1 525.1 NE OB 
B55W38D 603.41 507.0 - 513.0 507.0 - 511.6 513.0 505.4 524.8 BR 
B55W39S 601.41 558.7 - 578.4 558. - 563.3 578.4 554.4 NE OB 

•well locations are shown in Figure 2-21. 

bft MSL - feet above mean sea level. 

"NE - not encountered. 

dOB - overburden. 

•BR - bedrock. 



503_0060 (12/28/92) 

Sampling 
Locationa 

B55G46 

B55G47 

B55G48 

B55G49 

Table 2-21 
second-Phase Geotechnical 

Borehole Summary for seaway 

Grid Coordinate 
North East 

5788 

5695 

5814 

5814 

1606 

1213 

862 

630 

aLocations are shown in Figure 2-22. 

2-88 

Depth 
(ft) 

69 

57 

54 

64 





3.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA 

The following sections describe the physical and environmental 

characteristics of the site that are relevant to identifying and 

evaluating potential transport pathways, mechanisms, and receptors. 

The information presented here provides a foundation for the 

discussions of the nature and extent of contamination and 

contaminant fate and transport in Sections 4.0 and 5.0, 

respectively. 

3.1 SURFACE FEATURES 

The Tonawanda site is located in the Eastern Lake Section of 

the Central Lowland physiographic province (Fenneman 1946). The 

characteristic landscape of this section consists of dissected and 

glaciated lowland~ and escarpments. The specific physical surface 

features of the Tonawanda properties are described in the following 

sections. 

3.1.1 Linde 

Linde is situated on a broad lowland east of Twomile Creek, a 

tributary of the Niagara River. The elevation of the property is 

approximately 180m (600ft) above MSL (FBDU 1981a). The property 

contains office buildings, fabrication facilities, warehouse 

storage areas, material laydown areas, and parking lots (see 

Figure 1-5). The property is underlain by a series of utility 

tunnels that interconnect some of the main buildings and by an 

extensive network of storm and sanitary sewers. Storm runoff is 

collected and channeled to the western portion of the property, 

where it is discharged into a 2.1- by 2.7-m (7- by 9-ft) twin cell 

conduit built by the Town of Tonawanda (Figure 1-6). 

The Linde property is generally flat because the surface soil 

has been graded. The main parking lot in the northwestern corner 

of the property is covered with packed gravel (soil is exposed 

where gravel does not exist). Most areas around the buildings are 

paved with concrete. Several railroad spurs extend onto the 
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property from the Conrail railroad located outside the eastern 
property boundary. The soil in the area of the railroad tracks is 

hard, packed gravel. The soil along the fence bordering the 

boundary is vegetated with native grasses. 

A soil and timber blast wall is located east of Building 58. 

The blast wall consists of soil piled next to the building wall and 

held in place with wooden planks. The soil in this area is also 

vegetated with native grasses. 

Contaminated soil was removed from the Building 90 area before 

construction of the building. The soil was placed in two windrows, 

one between Buildings 73 and 73B and the eastern property boundary 

and the other north of Building 90 along the northern property 

boundary (see Figure 1-5). Soil removed from the Building 90 area 

was also placed in a third pile on the northern portion of the 

property. The three piles were subsequently consolidated into one 

uncovered pile west of Building 90. A pile of contaminated waste 

material formerly located north of Building 38 (FBDU 1981a) may 

have been included in the waste co:::solidation; however, the exact 

disposition of this material is unknown. 

3.1.2 Ashland 1 

Ashland 1 is currently being used for disassembly of 

Ashland oil Refinery equipment. The property is roughly 

rectangular in shape, approximately 358 m (1,175 ft) long and 122 m. 

(400 ft) wide. Two large petroleum product storage tanks were 

formerly located at Ashland 1. Construction of the tanks involved 

excavation and removal of approximately 4,600 m2 (6,000 yd3 ) of 

contaminated material. Some of the contaminated soil was used to 

build earthen berms surrounding the storage tanks. The bermed area 

is equipped with a sump pump system to pump runoff into an open 

ditch and then to an RCP beneath the Seaway landfill, which empties 

into Rattlesnake Creek and then into Twomile Creek. The tanks were 

removed in 1989. Native grasses, weeds, and shrubs make up the 

site vegetation. The area inside the berms and the inner area of 

the northern part of the property are mostly bare soil. 
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A dirt access road runs along the eastern and western property 

boundaries. The road crosses the southern portion of the p~operty 
and curves northward along the eastern boundary. small pipes under 

the eastern access road allow surface drainage from within the 
bermed area to drain into the main ditch along the property 
boundary (Figure 1-14}. This ditch, which is overgrown with 
cattails and weeds, flows northward to an opening on the adjacent 

Seaway property where an underground RCP carries the flow beneath 

Seaway to Ashland 2. 
Ashland 1 is supplied with water by a 25.4-cm (10-in.) line 

that runs from the refinery along the western side of the property. 

A 20.3-cm (8-in.) lateral line connects to a fire hydrant in the 
southeastern corner of the former tank storage area, just outside 
the bermed area. 

An electrical substation is located in the southwestern corner 
of the property. This small building and surrounding land are 
fenced with a 1.8-m (6-ft) chain link fence. There are no overhead 
utilities. A gas company receiving and metering station is located 

in the southeastern corner of the property. The station has had no 
other uses. The area around these buildings is vegetated with 
native grasses. 

3.1.3 Ashland 2 

Ashland 2 is a large tract of land that is separated from 
Seaway by a strip of land owned by Niagara Mohawk Power corporation 

(Figure 1-14). The property is vegetated with native grasses and 
shrubs, and the surface topography is crossed by several drainage 

pathways including federally designated wetlands. 

Historical surveys indicate that the area of suspected 

contamination at Ashland 2 lies within the confluence of two 
drainage paths in a fill area with a maximum topographic relief of 

3 to 4.6 m (10 to 15ft). The wetland area created by the drainage 

paths is recharged by a 0.9-m- (3-ft-) diameter RCP that crosses 

from Ashland 1, beneath Seaway (Figure l-14). The wetland area has 

a defined channel with continuous flow, although fluctuations in 
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stream flow can be expected. Additionally, the area receives 
recharge from general runoff and groundwater. 

3.1.4 Seaway 

seaway is situated on a broad lowland on the southeastern bank 
of the Niagara River. The elevation of the property is 
approximately 180m (600ft) above MSL (FBDU 1981b). The surface 
topography has been altered extensively by landfill operations. 
The property is terraced with steep slopes. The area where the 
residues were disposed of has been partially covered with refuse 
and fill material; this area is no longer used for disposal. The 
property is vegetated with native grasses. 

A 0.9-m- (3-ft-) diameter RCP transects the property and passes 
beneath the landfill (Figure 1-14) carrying stormwater from the 
ditch at Ashland 1 to Ashland 2. The condition of the pipe is not 
known. 

3.2 METEOROLOGY 

The climate of New York is generally of the humid, continental 
type that prevails in the northeastern United states. Cold, dry 
air masses from the continental interior and prevailing warm, 
humid, southerly winds provide the dominant characteristics of the 
climate. Nearby Lake ontario to the north and Lake Erie to the 
west have a significant moderating influence on the climate in 
western New York. The lake waters warm slowly in the spring, which 
reduces the warming of the atmosphere over adjacent land areas. In 
the fall, the lake waters cool more slowly than the land areas and 
thus serve as a heat source: the cooling of the atmosphere at night 
is moderated or reduced, and the occurrence of freezing 
temperatures is delayed (Gale Research co. 1985). 

The monthly normal temperature range for the Tonawanda area 
(Buffalo, New York) is -4.4 to 21.7°C (24 to 71°F), with a mean 
annual temperature of 8.9°C (48°F). Mean annual precipitation is 
96 em (37.5 in.) and is fairly evenly distributed throughout the 
year. Average annual snowfall is 238 em (93 in.), two-thirds of 
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which occurs during the months of December through February 

{FBDU 1981b) . Severe droughts are rare, but periods of low 

precipitation occur from time to time and cause at least temporary 

concern over declining water supplies and moisture stress in crops 

and other vegetation (Gale Research Co. 1985). The mean annual 

lake evaporation is 68.6 em (27 in.) (Department of Commerce 1979). 

Winds in the area blow predominantly from the southwest or 

west-southwest, across Lake Erie (FBDU 1981b). The average monthly 

wind speed ranges from 15.9 to 23 km/h (9.9 to 14.3 mph), with an 

annual average wind speed of 19 km/h (12 mph). The maximum wind 

speed reported for the Greater Buffalo International Airport 

[elevation 215m (705ft)] was 146 km/h (91 mph) from the southwest 

in January 1950 (Gale Research Co. 1985). 

Records indicate that about three or four tornadoes strike 

limited, localized areas of New York state during most years, 

normally with a short, narrow path of destruction (FBDU 1981b). 

Hurricanes and tropical storms do not occur in western New York. 

3.3 SURFACE WATER HYDROLOGY 

Because there are areas of surface contamination on the 

properties, runoff is a potential pathway for offsite migration of 

contaminants. This section describes the surface water hydrology 

of the properties, including the surface water bodies into which 

the properties drain (the receiving waters), the property drainage 

characteristics, water balance elements for the property, flood 

flows, and erosion. 

3.3.1 Receiving waters 

The Niagara River is the major receiving water to which the 

properties drain via Rattlesnake Creek and Twomile Creek. 

Figure 3-1 shows these creeks, the Niagara River, and the Tonawanda 

properties. 
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Rattlesnake creek 

Rattlesnake Creek originates on the Ashland Oil Refinery and 

Seaway properties. It is a natural channel about 2,320 m 

(7,600 ft) long and drains a total area of 138 ha (340 acres) 

before it joins Twomile creek. About 305 m (1,000 ft) downstream 

of the confluence with Rattlesnake Creek, Twomile Creek empties 

into the Niagara River. Figure 3-2 shows the total drainage area 

of Rattlesnake Creek. 

Two storm drainage ditches that form the upstream reach of 

Rattlesnake Creek collect storm runoff from the Ashland Oil 

refinery and Seaway. The two ditches, shown in Figure 3-3, run 

parallel to one another on either side of the fence separating 

Ashland 1 and Seaway. Both ditches are trapezoidal channels with 

bottom widths of 0.5 m (1.5 ft) and bank-full depths of 0.9 m 

(3ft). The top width of each ditch at bank-full capacity is about 

1.5 m (5 ft), and the slope of the ditches is approximately 

1.5 percent. The Ashland 1 ditch is a grassed channel with a thick 

growth of vegetation; its bank-full flow capacity is about 0.7 m3/s 

(24 ft3js). The stone-riprapped Seaway ditch has a bank-full flow 

capacity of 1.4 m3 /s (49 ft 3fs). 

After being collected in a depression, the flow from both of 

these ditches issues into a 91-cm- (36-in.-) diameter, 335-m

(1,100-ft-) long RCP under the Seaway property. The pipe outlet is 

at the Niagara Mohawk property line. 

Rattlesnake creek, an open channel, crosses the Niagara Mohawk 

property and then Ashland 2, as shown in Figure 3-4. Through the 

Ashland 2 property, the channel is approximately 3 m (10 ft) wide 

and 0.9 m (3 ft) deep at bank-full capacity, and the slope is 

approximately 1.1 percent. Thick vegetation in the channel greatly 

reduces flow velocities. The Rattlesnake Creek floodplain is 

approximately 30 m (100 ft) wide with a thick growth of cattails 

and bulrushes. 

Three small drainage ditches join Rattlesnake Creek after it 

crosses the Ashlanc 2 property boundary. From that point, the 

creek travels apprLximately 975 m (3,200 ft) before it joins 

Twomile Creek. 
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Twomile creek 

The Twomile Creek watershed (see Figure 3-1) is approximately 

15.5 km2 (6 mi2). Twomile Creek begins south of Linde in a natural 

channel; its flow consists of groundwater discharge (base flow) and 

stormwater runoff toward the north into two 0.9-m (3-ft) RCPs with 

a headwall approximately 3 m (10 ft) tall. 

The two pipes empty into two 2.7- by 2.1-m (9- by 7-ft) box 

culvert conduits that run side by side; the slope of the conduits 

is 0.075 percent, pitched toward the north. The two conduits serve 

as the outlet to the municipal storm sewers draining the eastern 

half of the Town of Tonawanda and the Village of Kenmore. Runoff 

from Linde enters the two conduits through five outfalls 

(outfalls 3 through 7), as shown in Figure 1-6. The total length 

of each conduit is 1,295 m (4,250 ft). 

The two conduits discharge through two large gates ·on the face 

of the concrete dam impounding the lake in Sheridan Park (see 

Figure 3-1). The flow in the conduits passing under the golf 

course lake is controlled by these gates. The gates are 

pressure-operated so that when the head behind the gates builds up, 

the gates open and release the storm flow. 

Because stormwater stands until the gates are opened, sediment 

collects in the conduits behind the gates. When enough stormwater 

backs up and the gates are opened, the rush of water cleans out the 

conduits and deposits much of the sediment in the natural stream 

channel downstream. This sediment is cleaned out every year by the 

golf course maintenance staff and deposited in a local landfill. 

Twomile Creek continues northward approximately 3.2 km (2 mi) 

until it empties into the Niagara River 20 km (12.5 mi) upstream of 

Niagara Falls. The slope of Twomile Creek is less than 1 percent. 

During periods of base flow in Twomile Creek, the surface width of 

the water is approximately 6.1 m (20ft), and the flow depth is 

between 0.6 and 1.2 m (2 and 4ft). The depth increases as the 

creek approaches the Niagara River, where flow is controlled by the 

stage of the river. 

Twomile Creek and its tributaries are classified by New York 

State as Class B: "primary contact recreation and any other uses, 
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except as a source of wate·r supply for drinking, culinary, or food 

processing purposes" (BNI 1988b)., Class B waters are protected 

under the Environmental Conservation Law, Article 15; thus, certain 

activities in the waters and along the banks require state permits 

(BNI 1988b). 
The Federal Insurance Administration (FIA) coordinated a flood 

analysis of both the Town of Tonawanda and the City of Tonawanda, 

but an intensive study of Twomile Creek was not performed. FIA 

determined that the 100-yr flood will be confined to the creek's 

narrow, well-defined floodplain, which has not been encroached 

(FIA 1979). Howe~er, when the gates on the face of the dam open, 

Twomile Creek overtops its banks; it is estimated that the gates 

open an average of one to two times each year. The greatest 

observed flooding had a stage of approximately 1.8 m (6 ft) above 

the top of the channel bank (BNI 1991b). 

Each time the creek overtops its banks, sediment is deposited 

in the floodplain. A study of the floodplain indicates that in 

some sections just below the dam, as much as 15 em (6 in.) of 

sediment has been deposited in the last 15 years (BNI 1991b). 

Niagara River 

The Niagara River drains Lake Erie and empties into 

Lake Ontario, approximately 72 km (45 mi) away (see Figures 1-2 and 

1-3). Flow in the river is controlled mainly by the elevation of 

Lake Erie, which has a mean lake elevation of 174 m (571 ft) above 

MSL. Approximately 8.5 km (5.3 mi) below Lake Erie, the river is 

divided by Grand Island into two channels: the Tonawanda to the 

east and the Chippawa to the west. The Tonawanda Channel travels 

approximately 19 km (12 mi) before it again joins the Chippawa 

Channel at the northern end of Grand Island. All runoff from the 

Tonawanda site eventually empties into the Tonawanda Channel; 

Twomile Creek empties into the Tonawanda Channel 7.7 km (4.8 mi) 

downstream of the beginning of the channel. 

The Tonawanda Channel is approximately 488 m (1,600 ft) wide 

and 7.6 m (25 ft) deep as it passes by the Town of Tonawanda. The 

channel widens to approximately 1,100 m (3,600 ft) and decreases in 
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depth to approximately 4.6 m (15 ft) before it joins the Chippawa 

Channel. 
The average flow of the Niagara River is 6,230 m3/s 

(220,000 ft3fs), with a maximum flow of 10,760 m3/s (380,000 ft 3 /s) 

and a minimum flow of 3,400 m3fs (120,000 fe/s). It is estimated 

that 42 percent of the flow in the Niagara River is to the east of 

Grand Island through the Tonawanda Channel; the remaining 

58 percent flows through the Chippawa during normal, non-ice 

conditions. The mean flow in the Tonawanda Channel is estimated to 

be approximately 2,620 m3fs (92,400 ft3/s), with a maximum flow of 

4,520 m3fs (159,600 ft3 /s) and a minimum flow of 1,430 m3/s 

(50,400 ft3 /s) (Crissman 1991). The mean velocity of water in the 

Tonawanda Channel is approximately 0.8 m/s (2.5 ft/s) near the 

confluence with Twomile Creek. 

Flooding along the Niagara River is generally caused either by 

ice jams or by wind setup caused by strong southwesterly winds 

blowing across Lake Erie. Large amounts of precipitation generally 

do not cause flooding along the Niagara River because the ample 

storage capacity of Lake Erie greatly attenuates the flood waves. 

Although the Niagara River does not overtop its banks during 

periods of high flows, it does back up into many of its tributaries 

and cause flooding in the tributary areas. The 100-yr flood zone 

lies between the river and River Road (BNI 1988b). Niagara River 

flood stage elevations (in feet) are given below (FIA 1979): 

2-yr 

568.5 

10-yr 

569.7 

so-yr 

570.3 
100-yr 

570.5 

soo-yr 

571.1 

These elevations are for the point where Tonawanda Creek joins the 

Niagara River, approximately 1.9 km (1.2 mi) downstream of the 

confluence with Twomile Creek. 
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3.3.2 Site Drainaqe Characteristics 

Linde 

Linde is a heavily industrialized property, and most of the 
area is impervious to infiltration of stormwater. The property 
covers a total area of 54.6 ha (135 acres). The actual plant area 
(buildings, pavement, and compacted gravel surfaces) covers 26.7 ha 
(66 acres), representing approximately 50 percent of the property. 

The average basin slope is 0.63 percent. 
All runoff collects in the plant's storm sewer system and 

drains into Twomile Creek; there are seven storm sewer outfalls 
(see Figure 1-6). Outfalls 1 and 2 drain stormwater runoff from 
the southern end of the property, and both empty into a 91-cm 
(36-in.) municipal storm sewer line under Woodward Avenue. The 
municipal line jqins the Twomile Creek twin conduits. 

The third outfall drains a small area in front of the main 
office building and runoff from the building roofs. The runoff 
enters a 91-cm (36-in.) culvert that connects to the Twomile Creek 
twin conduits. 

The fourth outfall drains the middle portion of the property. 
Storm runoff collects in a 91-cm (36-in.) culvert that connects 
directly with the Twomile Creek twin conduits. 

The fifth outfall collects runoff from a very small area in the 
western part of the property and connects with the Twomile Creek 
twin conduits through a 51-cm (20-in.) culvert. 

The sixth outfall collects runoff from most of the northern end 
of the property and also collects shallow groundwater in 
agricultural tile beneath the gravel-packed parking areas. A 76-cm 
(30-in.) conduit conveys the runoff and groundwater from this area 
into the Twomile Creek twin conduits. 

The seventh outfall collects runoff from the extreme northern 
section of Linde. This drainage system also includes underground 

agricultural tiles. Surface runoff from the northwestern corner of 
the plant area is collected by a drainage ditch just outside the 

Linde fence; flow in this ditch is conveyed into the Twomile Creek 
twin conduit by a 76-cm (30-in.) culvert. 
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All conduits in the sewer system that are larger than 30 em 

(12 in.) in diameter are reinforced concrete culverts. Conduits 

that are 30 em (12 in.) or smaller are made of vitrified tile 

unless they are under buildings or driveways, where the loads 

require heavy cast iron.· 
Because Linde is an industrial property with a significant 

portion of the surface area paved and covered by buildings, little 

erosion is evident. 

Ashland 1 

Ashland 1 is located on the grounds of the Ashland Oil Company 

refinery beside the Niagara River. Ashland 1 has a drainage area 

of 4.4 ha (10.8 acres) that closely follows the property boundary, 

as shown in Figure 3-3; the figure also shows flow paths on the 
property. 

The topography of the property is flat except where the ground 

has been altered by construction activities of the oil company. 

The average basin slope is only 3.3 percent. 

The section of the property to the east of the bermed area is 

flat and covered with grass except for some unpaved roads, an 

electrical station, and a small building. Drainage from this 

section is directed toward the ditch that runs along the boundary 

_between Ashland Oil and Seaway (see Figure 3-3). 

In the middle of the property, a 1.2-ha (3-acre) area was 

enclosed by a large berm constructed in 1974 to capture spills from 

two large petroleum product storage tanks; the tanks have been 

removed. The berm is approximately 2.1 m (7 ft) high at its 

highest point. Water from precipitation collects in the bermed 

area and infiltrates the berm, evaporates, or is pumped over the 

berm by means of a small pump in the southeastern corner of the 

area. The water pumped from the bermed area flows into an open 

channel and travels northwestward to the drainage ditch along the 

Ashland 1/Seaway boundary. 

The western section of Ashland 1 is relatively low-lying and is 

covered with tall grass and large bushes. overland runoff from 

this area collects in a small ditch running to the west; flow in 
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this ditch goes through a 30-cm (12-in.) steel pipe and into the 
main ditch along the Seaway boundary. 

All of the drainage from Ashland 1 is directed into the ditch 

(described in Section 3.1) that forms the headwaters of Rattlesnake 

Creek. This ditch (see Figure 3-3) flows to the west along the 

Seaway boundary into a low marshy area drained by a 0.9-m- (3-ft-) 

diameter RCP that runs diagonally under Seaway. 

There is little evidence of erosion on Ashland 1; the only 

exposed ground is the unpaved roads. Sediment settles out in the 

bermed area (one-third of the property), and water that is pumped 

out contains only small amounts of sediment. The drainage ditch 

along the Seaway fence has a slope of approximately 1.5 percent and 

contains thick vegetation; most sediment reaching the ditch should 

settle out before reaching the Seaway pipe. 

Ashland 2 

The Ashland 2 area is approximately 43 ha (107 acres) and is 
flat with small depressions. The average basin slope is 2 percent. 

Storm runoff leaves the property through the five channels 

shown in Figure 3-4. Channel 1 drains the eastern portion of 

Ashland 2; approximately 38 percent of the total area of the 

property is in the eastern drainage area. The ditch is about 0.9 m 

(3 ft) wide and 0.3 m (1 ft) deep; as shown in Figure 3-4, drainage 

is toward the northeast. After crossing the Ashland 2 boundary, 

the ditch runs 793 m (2,600 ft) northward before it empties into 

Twomile Creek approximately 6 m (20 ft) below the Fletcher Street 

bridge over Twomile Creek. The channel is directed under Twomile 

Creek Road through a 76-cm (30-in.) culvert. 

Channel 2, Rattlesnake Creek, is the main channel for runoff 

from the property (see Figure 3-4). Approximately 59 percent of 

Ashland 2 overland runoff empties into Rattlesnake Creek. The 

creek enters the Niagara Mohawk property at the outlet of the 

0.9-m- (3-ft-) diameter RCP and crosses Ashland 2 through a wide, 

0.9-m- (3-ft-) deep channel. Another drainage ditch in the western 

portion of the property joins Rattlesnake Creek just across the 

Benson Development Company property line. This drainage ditch 
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collects runoff from seaway and ponds the water as it crosses the 

Ashland 2 boundary. Two other ditches draining both the northern 

and southern sides of the access road to Ashland 2 join this ditch 

before it empties into Rattlesnake Creek. 
Channels 3 and 4 drain small areas in the extreme western 

portion"of Ashland 2. One channel is on the northern side of the 

access road, and the other is on the southern side: the ditches 

drain a small area on both sides of the access road where it 

connects to River Road. Both of these channels are directed under 

River Road and empty at separate points into the Niagara River. 

Channel 5 is a_ ditch along the eastern side of River Road. The 

flow is directed southward across the Seaway property. The 

drainage finally crosses under River Road and into the Niagara 

River. 

Ashland 2 has been disturbed three times: during construction 

of the large berm that at one time enclosed a petroleum product 

storage tank in the southeastern corner of the property, during 

construction of a chemical landfill, and during the deposition of 

soil from Ashland 1. The property is covered with grass and thick 

bushes that impede surface runoff. Sediment transport is minimal 

because of the flat ground surface and thick ground cover. 

Sediment that might become suspended during a storm settles in the 

drainage channels because the thick vegetation and the gradual 

slopes impede flow velocity. 

seaway 

Seaway, an active industrial landfill, is notable for its sharp 

relief compared with the surrounding area. The surface of the pile 

is steep, with side slopes of approximately 30 percent. Most of 

the surface of the pile is bare, and both sheet and rill erosion 

occur on the slopes. Grass covers the base of the pile and the 

areas that are already capped. 

The landfill is a long, narrow rectangular pile, as shown in 

Figure 1-14. The ridge of the pile is down the center of the 

property, so that approximately half of the surface runoff is to 
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the south toward the oil refinery and the other half is to the 

north onto Ashland 2. 
Overland runoff from the southern slope of Seaway is directed 

into two drainage ditches. Ru~off from the eastern end of the pile 

collects at the base of the pile in the ditch that runs parallel to 

the Ashland 1 boundary. The flow travels westward and empties into 

the marshy area drained by the 0.9-m- (3-ft-) diameter RCP under 

the Seaway landfill. The western end of the southern slope is also 

drained by a ditch along the Ashland 1/Seaway boundary. Flow in 

this ditch, also toward the west, goes under River Road through a 

culvert and empties directly into the Niagara River. 
Most runoff from the northern slope of the pile is directed 

onto Ashland 2 as overland flow. The overland flow from the 

eastern end is collected in a small drainage ditch in the eastern 

section of Ashland 2 (i.e., Ashland 2 South drainage ditch) that 

eventually empties into Twomile Creek. The middle section of the 

northern slope of Seaway sheds runoff directly into Rattlesnake 

Creek or one c= its tributaries. Runoff from a small part of the 

pile on the western end of the northern slope collects in the 

drainage ditch parallel to River Road. The ditch is sloped in the 

southern direction, and the flow from the ditch goes into the 
Niagara River. 

3.3.3 water Balance 

"A Field Scale Model for Chemicals, Runoff, and Erosion from 
Agricultural Management Systems" (CREAMS) was used to estimate 

annual average surface runoff from Ashland 1, Ashland 2, Linde, and 

Seaway into the receiving waters. This model was developed by the 

u.s. Department of Agriculture and has been tested and 

field-verified (Knisel 1980); it generates surface runoff, 

evapotranspiration, and deep percolation data based on a water 

balance using precipitation, temperature, and physical properties 

of the soil zone. 

503_0057 (12/28/92) 3-14 



Daily precipitation records from the North Tonawanda National 

Weather Service (NWS) station were used as input to the CREAMS 

model {NWS 1989): 

1987 
1988 
1989 
Average 

Precipitation Cin.) 

36.06 
33.63 
35.91 
35.20 

The North Tonawanda NWS station is relatively new, so ·a long-term 

average is not available. However, because the long-term average 

annual precipitation recorded at the Greater Buffalo International 

Airport is 92 em (36.06 in.) (NWS 1991), close to the 3-yr average 

at the North Tonawanda station, the 3-yr data from the North 

Tonawanda station are assumed to represent average conditions. 

Linde 

Approximately half of the Linde plant area is covered by 

impervious surfaces such as roofs, paved areas, and sidewalks. The 

other half is covered with a packed gravel surface that allows some 

infiltration. The estimated water balance elements (in inches) for 

Linde are: 

Evapo-
Year Precipitation Runoff transpiration Percolation 

1987 36.06 19.4 . 10.2 4.0 
1988 33.63 21.5 9.6 3.1 
1989 35.91 22.4 9.6 4.1 
Average 35.20 21.1 9.8 3.7 

The runoff from Linde is much higher than the unit runoff from 

the Ashland properties because of the large impervious areas at 

Linde. Evapotranspiration from Linde is much lower because of the 

sparse vegetative cover and large impervious areas. The average 

annual volume of surface runoff from Linde is estimated to be 

315 ha-m (240 acre-ft). 

503_0057 (12/28/92) 3-15 



Ashland 1 and Ashland 2 

The surface soils at Ashland 2 (shown in Figure 3-5) are mainly 

silt loam: Castille gravelly loam and fill soil from Ashland 1 are 

present in small areas. Although the soils at Ashland 1 are 

classified as "urban land" in Figure 3-5, they are assumed to be 

similar to soils at Ashland 2 because of the proximity of the 

properties (SCS 1978). 

Ashland 1 and Ashland 2 have similar ground covers of grass and 

bushes: therefore, the runoff responses of the two properties are 

assumed to be similar. The elements of the water balance (in 

inches) for Ashland 1 and Ashland 2 for 1987 through 1989 are 

listed below: 

Evapo-
Year Precipitation Runoff transpiration Percolation 

1987 36.06 3.9 29.4 0.5 
1988 33.63 6.2 28.2 0.4 
1989 35.91 5.0 29.2 1.7 
Average 35.20 5.0 28.9 0.9 

Average annual volumes of surface runoff from ~~shland 1 and 

Ashland 2 are estimated at approximately 6.6 and 59 ha-m (5 and 

45 acre-ft), respectively. 

seaway 

The ground surface of Seaway is fill dirt. The estimated water 

balance elements for Seaway (in inches) are: 

Evapo-
Year Precipitation Runoff transpiration Percolation 

1987 36.06 10.2 16.8 6.8 
1988 33.63 12.3 15.8 6.0 
1989 35.91 11.0 15.9 9.2 
Average 35.20 11.2 16.2 7.3 

The estimated percolation per unit area is lower at Seaway than at 

Linde because approximately half of Linde has a gravel surface, 

whereas the Seaway surface has rills that favor surfac~ runoff. 

503_0057 (12/28/92) 3-16 



The average annual runoff volume for 1987 through 1989 is 121 ha-m 

(93 acre-ft). 

The water balance results are similar to those of a water 

balance study performed in 1979 (Wehran 1979) during a landfill 

hydrogeologic investigation. The 1979 results (in inches) were: 

Precipitation 
Runoff 
Evapotranspiration 
Percolation 

3.3.4 Flood Frequency 

35.49 
8.90 

13.44 
13.15 

Stormwater runoff from Ashland 1, Ashland 2, Seaway, and Linde 

was estimated using the u.s. Army Corps of Engineers (COE) HEC-1 

computer model, which simulates the surface runoff in a drainage 

basin from a precipitation event. HEC-1 was used to estimate the 

2-, 5-, 10-, 25-, 50-, and 100-yr floods at each property. 

The precipitation amounts used in HEC-1 were taken from the 

rainfall intensity-duration-frequency curves (Figure 3-6) developed 

by NWS for the Buffalo area (Erie and Niagara counties Regional 

Planning Board 1981). The precipitation amounts used for the 

listed storm frequencies are (in inches): 

Duration .LYI: .2_n 10 yr 25 yr 50 yr 100 yr 

5 min 0.27 0.39 0.45 0.53 0.58 0.64 
15 min 0.56 0.74 0.86 1.00 1.11 1.24 
60 min 0.94 1.42 1.73 1.96 2.21 2.60 

2 h 1.08 1.62 2.06 2.56 2.96 3.52 
3 h 1.20 1.80 2.31 2.70 3.18 3.96 
6 h 1.38 2.10 2.58 2.94 3.48 4.08 

12 h 1.80 2.40 2.88 3.36 3.72 4.20 
24 h 2.02 2.64 3.36 3.84 4.32 4.56 

HEC-1 generates a hypothetical 24-h storm hydrograph from the 

precipitation amounts given above. 

Stormwater runoff in Rattlesnake Creek for each of the modeled 

storms was estimated at the northern boundary of Ashland 2, where 

the Rattlesnake creek watershed contains approximately 49 ha 
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(112 acres). The peak flows in Rattlesnake Creek from Ashland 1, 
Seaway, and Ashland 2 are listed below (in cfs): 

Return 
Period 

2 yr 
5 yr 

10 yr 
25 yr 
50 yr 

100 yr 

Peak Flood Flow 
(24-h Storm) 

40 
80 

113 
143 
171 
204 

Runoff from Linde was calculated at the point where 
outfall 7 joins the Twomile Creek twin cell storm sewer (see 
Figure 1-6). The peak storm runoffs (cfs) from Linde are: 

Return 
Period 

2 yr 
5 yr 

10 yr 
25 yr 
50 yr 

100 yr 

Peak Flood Flow 
(24-h Storm) 

56 
121 
168 
196 
228 
265 

stormwater runoff from Ashland 1, Seaway, and Ashland 2 into 
Rattlesnake Creek and runoff from Linde are plotted in Figure 3-7. 

3.3.5 Sediment Transport 

Because surface. soils are contaminated at each of the four 
Tonawanda properties, erosion and sediment transport can cause 
migration of contaminants. The modified universal soil loss 
equation (MUSLE) was used to estimate the average annual soil loss 
from each property. The MUSLE is based on the volume of runoff, 
peak flow rate, ability of the particular soils to erode, length 
and gradient of the ground surface, and ground cover. 

Daily precipitation records (1987 through 1989) from the North 
Tonawanda NWS station were used to estimate the runoff volume and 

peak flow for each storm. The other parameters were based on 
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conditions unique to each property. The estimated average annual 

soil loss from each property is listed below (in tonfyr). 

Location Soil Loss 

Ashland 1 0.002 
Seaway 10.0 
.Ashland 2 0.007 
Linde 0.07 

Soil loss at Seaway is much greater than from the other 
properties because of the steep slopes and bare soil on the pile. 

The estimated soil loss from the radioactively contaminated 

areas is (tonfyr): 

Location 

Ashland 1 
Seaway 
Ashland 2 
Linde 

Soil Loss 

0.002 
0.06 
0.0005 
0.02 

These soil loss calculations take into consideration that 

Areas B, c, and 40 percent of Area A at Seaway are covered with 

landfill material and that the temporary storage pile at Linde is 

capped; these factors reduce the contaminated soil erosion 

potential. 

3.3.6 Tonawanda wetlands 

Wetlands are defined as "areas that are inundated or saturated 

by surface or groundwater at a frequency and duration sufficient to 

support, and that under normal circumstances do support, a 

prevalence of vegetation typically adapted for life in saturated 

soil conditions" (EPA 40 CFR 230.3 and COE 33 CFR 328.3). This 

definition involves three characteristics of wetlands: (1) wetland 

hydrology, (2) hydrophytic vegetation, and (3) hydric soil. Each 

characteristic has criteria that must be met to determine the 

difference between wetland and upland. A cursory offsite 

determination of wetlands is performed by comparison of mandatory 
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criteria with information available in the Soil survey of Erie 

County, New York (SCS 1986). 

Wetland hydrology is the most difficult of the three wetland 

characteristics to establish. It is demonstrated by the presence 

of permanent or periodic inundation, or soil saturation to or near 

the surface, during a week or more of the growing season. 

Therefore, proof of pending, flooding, or saturation depends on the 

frequency, duration, and season of the event. The growing season, 

as defined by soil taxonomy, is March through October (mesic). The 

required depth of the water table as evidence of soil saturation at 

the surface varies according to the soil drainage class (see 

Table 3-1). Poorly drained and very poorly drained soils are 

indicators of the presence of wetland hydrology (and hydric soils) 

(SCS 1986). Table 3-1 shows the frequency, duration, and season of 

inundation (flooding) and the depth, water table type, and season 

of the high water table. Only water tables that are seasonally 

high for longer than one month are reported. In the absence of 

flooding and pending, soil saturation at the surface is emphasized. 

A plus sign preceding the range in depth in the Wayland soil series 

indicates that the water table is above the surface of the soil. 

Hydrophytic vegetation includes macrophytic plants growing in 

water, in soil, or on a substrate that is at least· periodically 

deficient in oxygen as a result of excessive water content. The 

presence of dominant hydrophytic vegetation is a relatively 

insensitive indicator of wetlands because the adaptability of some 

wetland plants to altered (drained) site conditions could cause a 

misinterpretation of existing conditions. Potential for growth of 

hydrophytic vegetation is estimated by assessment of soil 

properties and features including texture of the surface layer, 

wetness, reaction, slope, and surface stoniness. Hydrophytic 

vegetation probably found onsite includes smartweed 

(Polygonum spp.), wild millet (Echinochloa spp.), rushes 

(Juncaceae), sedges (Cyperaceae), and reeds (Gramineae-Poaceae). 

New mandatory criteria for hydric soils found in the 

third edition of Hydric Soils of the United States (SCS 1991) are 

applicable to Ashland 1, Ashland 2, and Linde. Criteria include 

soils in an aquic suborder, according to soil taxonomy, that have a 
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frequently occurring water table at the required depth as hydrology 
for a period of two weeks or more during the growing season. 

(Proof of wetland hydrology requires a water table near the surface 

for one week or more, whereas proof of hydric soils requires a 
water table at the surface for two weeks or more.) onsite soil 
series with aquic suborders include Wayland, Churchville, and 
Odessa-Lakemont. In the technical guide for New York hydric soils 

(SCS 1989), Wayland is listed as a hydric soil, and Churchville and 
Odessa are soils with potential hydric inclusions. 

In summary, a conservative estimate of the extent of potential 
onsite wetlands at Ashland 2 and Linde coincides with the mapped 
area of the Wayland, Churchville, and Odessa part of the 
Odessa-Lakemont Association (Figure 3-8). The potential wetlands 
illustrated in Figure 3-8 cannot be designated as wetlands simply 
because the areas contain hydric soils. The presence of hydric 
soils is an indicator of areas to be investigated as potential 
wetland areas. The areas must meet certain criteria for wetland 
hydrology and hydrophytic vegetation before being designated as 
wetlands. 

A freshwater wetland area also covers approximately 125 ha 
(310 acres) of land immediately northeast of Ashland 2, and water 
that drains from the property to the northeast flows through this 
wetland. The wetland area is presumably caused by a locally high 
water table that manifests itself in topographically low areas 
(BNI 1982). 

The wetlands discussed are presently identified on the National 
Wetland Inventory (Department of Interior 1978) (Figures 3-8 and 
3-9); the areas are not on the state wetland maps (see 
Section 7.3). 

3.4 GEOLOGY 

3.4.1 Regional Physiographic and Geologic setting 

The Tonawanda properties lie along or near the Niagara River in 
the Erie-ontario Lowland of Muller (1965) (Figure 3-10). 

Ashland 1, Seaway, and Ashland 2 lie along the river covering a 
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reach of about 1 km (0.6 mi) (see Figure 3-11) and extend inland 

about 1.3 km (0.8 mi). The nearest point on the river to Linde is 

slightly more than 2.9 km (1.8 mi) southwest of the center of the 

property, which, although not quite square, is about 0.6 km 

(0.4 mi) on each side. The center of the Linde property is about 

3 km (2 mi) southeast of the center of the combined properties 

along the river. 

The Allegheny Plateau, part of the Appalachian Upland, rises to 

the south of the Erie-Ontario Lowland. The Lowland also has 

significant relief. A north-facing, east-northeast-trending 

topographic rise-tpe Onondaga escarpment-runs parallel to and just 

north of the edge of the plateau.' Parallel to the Onondaga 

escarpment, and about two-thirds the distance between it and Lake 

Ontario, is the Niagara escarpment (Figure 3-11). The Niagara 

escarpment thus separates the Erie-Ontario Lowland into a northern 

(topographically lower) segment and a southern (topographically 

higher) segment. 

Tonawanda Creek flows westward to the Niagara River through the 

lowest part of the southern segment of the lowland and lies about 

halfway between the Niagara and Onondaga escarpments. Ashland 2 is 

4.8 km (3 mi) upstream on the Niagara River from the mouth of 

Tonawanda Creek and about 19 km (12 mi) south of the Niagara 

escarpment. Linde is 6.4 km (4 mi) north of the onondaga 

escarpment. 

The northern segment of the Erie-Ontario Lowland (north of the 

Niagara escarpment) is underlain by the Queenston Shale of 

Ordovician age (Figure 3-12). The Niagara escarpment is formed by 

carbonate rocks of the Lockport Group and by dolomites, limestones, 

shales, and sandstones of the Clinton and Medina Groups; all of 

these rocks are Silurian in age. 

The southern segment of the Erie-ontario Lowland (south of the 

Niagara escarpment), as far south as the onondaga escarpment, is 

underlain mainly by eroded shales of the Salina Group (Silurian) 

and to a lesser degree by dolomites of the Lockport Group (also 

S~lurian). The Onondaga escarpment is created by limestones of the 

Onondaga Formation of Devonian age and by dolomites of the upper 

part of the Salina Group (Silurian}. The remainder of the southern 
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segment, south of the Onondaga escarpment, is underlain mainly by 

limestones of the Hamilton Group of Devonian age. 

A few feet to more than 30 m (100 ft) of glacial, stream, and 

lake deposits cover the bedrock throughout the lowland except for 

places along the escarpments. 

3.4.2 Bedrock - General 

Some bedrock units are aquifers in the vicinity of the 

Tonawanda properties. The following discussion gives some general 
information about the groups and major formations from the Niagara 

escarpment to the Allegheny Plateau. 

The bedrock units dip gently to the south at 6 to 18 mjmi 

(20 to 60 ftjmi) (LaSala 1968). The Queenston Shale of Ordovician 

age floors the northern segment of the Erie-ontario Lowland 

(Figure 3-12). Rocks of Silurian age (Figure 3-13) overlie the 

Queenston from the Niagara escarpment southward. About 61 m 

(200 ft) of dolomites, limestones, shales, and sandstones of the 

Medina and Clinton Groups (terminology of Rogers et al. 1990) crop 

out along the Niagara escarpment or in the gorge below Niagara 

Falls {Johnston 1964). 

The different dolomites of the Lockport Group (Zenger 1966), 

which are about 52 m (170 ft) thick in the Niagara Falls area, 
overlie the Clinton and Medina Groups. Because of open bedding 

joints and fracture zones, some widened by solution, rocks of the 

Lockport Group yield water in small to large amounts to wells 

around Niagara Falls (Johnston 1964). Vertical joints and small 

cavities also have been formed by the solution of gypsum, mostly in 

the upper 3 to 5 m (10 to 15 ft) of the bedrock units. 

The Lockport is an important aquifer throughout much of the 

region south of the Niagara escarpment and north of Tonawanda 

Creek. The increasing depth to the Lockport and probable poor 

quality of contained water apparently preclude the use of this 

formation as an aquifer farther to the south (discussed in more 

detail in Section 3.6.2). 

The bedrock floor of most of the southern segment of the 

Erie-Ontario Lowland consists of the Vernon Shale, Syracuse 
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Formation, and Camillus Shale of the Salina Group (Figure 3-13). 

In this region, the Vernon is about 61 m (200 ft) thick, and the 

Syracuse and Camillus are each about 30.5 m (100 ft) thick 

(Rickard 1966). In the vicinity of Buffalo, the Vernon "consists 

of green shale and dolomite with anhydrite, with minor red shale 

and siltstone near the top of the formation." In the same area, 

the Syracuse "consists of dolomite and anhydrite but lacks 

significant beds of salt"; the dominant lithology of the Camillus 

is green shale, with lesser amounts of dolomite, anhydrite, and 

siltstone. Most of the halite (salt) and anhydrite beds of the 

Salina Group in the subsurface are found in the Syracuse Formation, 

and commercial gypsum deposits might be associated with that 

formation rather than with the Camillus (Rickard 1966). 

This report follows the usage of Rickard (1966) and the New 

York State Geological Survey (Figures 3-12 and 3-13), but inasmuch 

as specific shale.units cannot be identified because of the limited 

amount of deep test drilling, the bedrock is simply considered to 

be shales of the Salina Group. These shales serve as aquifers in 

some localities because of open bedding joints, fractures 

(especially at or near the top of bedrock), and cavities and 

channels caused by the solution of gypsum. 

An unconformity representing several million years separates 

the dolomites of the upper part of the Salina Group (Bertie 

Formation and Akron Dolomite) from the overlying limestones of the 

Onondaga Formation of Middle Devonian age (Figure 3-13). Thin, 

discontinuous remnants of the early Devonian Bois Blanc Formation 

(Tristates Group) may occur locally between the Akron Dolomite and 

the Onondaga. These carbonate rocks, which are more resistant to 

erosion than the shales of the Salina Group, constitute the 

Onondaga escarpment and the floor of the area immediately to the 

south. Open bedding joints, vertical fractures, and solution 

features, especially in limestone, make these carbonate rocks an 

aquifer in localities to the south and southeast of the Tonawanda 

site. These rocks are exposed or only thinly mantled by Quaternary 

deposits in many places along the escarpment. Farther south, thick 

sections of Middle and Late Devonian limestones and shales rise 

above the Erie-ontario Lowland to form the Allegheny Plateau. 
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In the Lowland, bedrock more than 400 million years old is 
covered by a few feet to more than 30 m {100 ft) of surficial 

deposits less than 30,000 years old. The bedrock has been 

subjected to eons of erosion, uplift, subsidence, weathering, 

freezing and thawing, and the weight of several continental ice 
masses thousands of feet thick. All.of these processes produced a 

complex surface of buried valleys and ridges. 

Flint and Lolcama (1985) produced a map of the top of bedrock 

(Figure 3-14) for the Ontario peninsula using 7,600 well records 

and geophysical data. Their map extends a short distance east of 

the Niagara River into New York, where it was contoured using 

little control {Flint 1992). The ancestral drainage features 

reveal no simple patterns. Prominent paleovalleys run to all 

points of the compass except due east in the vicinity of the 

Niagara River and the adjoining easternmost part of the Ontario 

peninsula, south of the Niagara escarpment. The overall direction 

of ancestral drainage, however, is toward the west-southwest to the 

buried Erigan channel 32 km {20 mi) or more west of the Tonawanda 

site {Figure 3-14). 

u.s. Geological Survey {USGS) work maps for the Tonawanda area, 

prepared using more data than were available to Flint and Lolcama 

{1985) for this locality, confirmed their depiction of basic 

westward drainage {Kappel 1992). This direction perhaps was 

inherited from drainage patterns developed during the Tertiary [60 

to 1.6 million years before the present {BP)] {Figure 3-15). A 

significant east-west paleovalley coincides with the Tonawanda 

Channel of the Niagara River at Ashland 2, Seaway, and Ashland 1 

before continuing to the west {Kappel 1992). 

The ancestral drainage pattern presents a complicated picture, 

with areas of local relief ranging from 18 m {60 ft) to more than 

30m (100ft) {Figure 3-14). The Onondaga escarpment along the 

northern side of Lake Erie, with elevations of 183 to 195 m {600 to 

640 ft) above MSL, is apparent on the map. There is, however, very 

little regional relief south of the Niagara escarpment, especially 

along the national border with Canada. The elevation of the top of 

bedrock on the Onondaga escarpment near the Lake Erie outlet of the 
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Niagara River is approximately 183m (600ft), which is about the 

same as the top of bedrock elevation just below Niagara Falls, 

26 km (16 mi) to the north. Near the Tonawanda site, the tops of 

bedrock erosional ridges between the two escarpments range from 

165 m (540 ft) to more than 171 m (560 ft) above MSL. 

There is little change in ridgetop elevations in the east-west 

direction, except in the vicinity of the Erigan channel. The 

gradient from the principal paleovalley at Tonawanda westward to 

the Erigan channel is about 1 mfmi (3 ft/mi). The top of bedrock 

in the Tonawanda area, therefore, exhibits considerable local 
relief within a large area of little regional structural gradient. 

3.4.3 surficial Deposits - General 

Continental glaciers first advanced into what is now temperate 

North America more than 2 million years ago. several major 

advances and retreats of these ice masses probably occurred in the 

Niagara region and southwestward through the Erie Basin 

(Muller 1965), but the prominent glacial deposits in the Tonawanda 

area are those of the last major glacial episode (Late Wisconsin). 

The Late Wisconsin glaciers began to retreat from northeastern 

Indiana and northwestern Ohio 14,500 to 15,500 years BP [Calkin and 

Feenstra (1985) and Barnett (1985) use slightly different dates]. 

By 13,300 BP, the ice margin had retreated from the Erie Basin into 

the Ontario Basin and had caused a reversal of the heretofore 

westward drainage of glacial lakes. A readvance of glacial ice 

into what is now the northeastern part of Lake Erie reestablished 

westward drainage about 13,000 BP (Figure 2 in Barnett 1985). 

Retreat of glacial ice to north of the Niagara escarpment about 

12,400 BP allowed eastward drainage of the lakes again and •marked 

the nearly simultaneous formation of nonglacial Early Lake Erie, 

Lake Iroquois in the Ontario Basin, the intervening Lake Tonawanda, 

and the initiation of the Niagara Falls and Gorge" (Calkin and 

Feenstra 1985) (see Figure 3-16). 

The Tonawanda properties are less than 3.2 km (2 mi) south of 

the Niagara Falls Moraine. (Moraines mark where the glacial ice 

stopped before its last retreat.) The Tonawanda properties are 
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5 km (3 mi) southwest of the southern margin of Lake Tonawanda 

(Figure 3-16), which existed from 10,400 BP to a few thousand years 

ago. 
Glaciers advancing and retreating through this region left 

behind a material called till {a compact, dense, unsorted gravelly 

clay) and coarse-grained glacial outwash/ice-contact deposits 
(Muller 1977, Cadwell 1988). Relatively thick deposits of silt and 

clay were deposited in the Late Wisconsin glacial lakes. The total 

thickness of glacial deposits at the Tonawanda site ranges from 

17 to 29m (55 to 95ft}. 
Maps by Mulle~ (1977} and Cadwell (1988) show lake sediments at 

the land surface around the Tonawanda properties. However, logs of 
borings and wells drilled in the area indicate that a sand and 

gravel component is present in the clay of the uppermost 6 to 12 m 

(20 to 40ft), and core descriptions suggest that these deposits . 
may be till or till-like material (Figure 3-17). Recra Research 

and Wehran Engineering described these deposits as till at the 
Seaway property (Wehran 1979), and till is mapped at the land 

surface across the Tonawanda Channel on Grand Island (Muller 1977, 
Cadwell 1988). Consequently, the uppermost deposits at the 

Tonawanda site might be till or lake clay bearing a strong imprint 
of glacial ice. 

The uppermost deposits overlie about 1 to 6 m (3 to 20 ft) of 

varved lacustrine clays and silts (Figure 3-17). These lacustrine 
deposits in turn overlie 6 to 14 m (20 to 45 ft) of more massive 

glaciolacustrine lake clay, silt, sandy clay, and clayey sand. The 

basal fluvial and glaciofluvial deposits (those immediately on top 

of bedrock) include 3 to 4.5 m (10 to 15 ft) of till and till-like 

clay south of Seaway; a few feet to 3 m (10 ft) of silty, clayey, 

gravelly sand at many localities; and as much as 3 m (10 ft) of 

relatively clean gravelly sand in several locations. These 

coarser-grained deposits in contact with fractured bedrock or 

bedrock solution features constitute an important hydrogeologic 

zone at the Tonawanda site. 
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3.4.4 Structural Features 

There is little evidence of deforr .. ation associated with either 

extension or compression tectonics in the bedrock of the Niagara 

region. Studies of focal mechanisms for small earthquakes and logs 

of deep boreholes indicate that, except for a zone very near the 

land surface, the principal regional stress is compression that is 

oriented northeast-southwest. 

No traces of surface faults have been reported for the Niagara 

region. The Clarendon-Linden fault in the subsurface 160 km 

(100 mi) east of the Tonawanda area is believed to be a bedrock 

feature. This is a reverse fault that dips steeply to the east, 

strikes north-south, and causes a vertical offset of 30 to 50 m 

(98 to 164 ft) in Ordovician through Devonian bedrock. Glacial 

deposits overlying the bedrock are not affected (BNI 1987). 

In addition to the effects of tectonic forces, the land surface 

has been subjected to rebound resulting from the melting and 

retreat of vast continental ice masses that had depressed the land 

under their weight. The land surface reportedly has risen 52 to 

53 m (170 to 175 ft) in the vicinity of the Tonawanda site since 

the retreat of the last glacier (Calkin and Feenstra 1985). Most 

of this uplift occurred from about 13,000 to 8,000 BP (Coakley and 

Lewis 1985). 

The relief of pressure by melting of ice masses may have 

allowed bedding planes to open into bedding joints like those 

reported in the bedrock of the area (Johnston 1964, LaSala 1968). 

Open joints create avenues for solution of carbonate rock. A 

release of pressure likewise might facilitate high-angle fracturing 

of the bedrock. Both La Sala and Johnston report vertical 

fractures, and vertical or high-angle fractures were described in 
cores from the Tonawanda properties. Fractures observed in the 

Tonawanda boreholes are gypsum filled below the weathered zone, 

which is generally down to 4.5 m (15 ft) below the top of bedrock. 

Fractures and solution features are significant aspects of the 

water-bearing characteristics of the bedrock at the properties. 

For example, a hole (LIWR0#1) drilled 1.8 m (6 ft) south of B29W10D 

at the Linde property, a locality where radioactive wastes were 
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once injected, lost all circulation of drilling fluid in a solution 

feature 1.2 m (3.8 ft) below the top of bedrock. some zones in the 

upper part of the bedrock also displayed thin, open fractures and 

gypsum-filled fractures. A second hole, LIWR0#2, was drilled 2.5 m 

(8.2 ft) east of LIWR0#1 with no loss of drilling fluid. Large 

differences in water-bearing characteristics can thus occur within 

very short distances. 

Only a speculative picture can be drawn about possible fracture 

orientations in the Tonawanda area. Figure 3-18 is a sketch of 

suspected lineaments in the Tonawanda area, as interpreted from 

surface geologic maps, a bedrock surface map (Flint and 

Lolcama 1985), escarpment alignments, and orientations of bedrock 

valleys reported by USGS (Kappel 1992). This figure also includes 

an arrow showing that the direction of maximum upward tilt caused 

by to isostatic rebound is reported to be from N24°E to N27°E 

(Coakley and Lewis 1985, Calkin and Feenstra 1985). 

3.4.5 Seismicity 

The Tonawanda site lies within the Central Stable Region. This 

region has been described as consisting of a veneer of sediments 

overlying Precambrian crystalline rocks that have been formed into 

arches, basins, and other structures, primarily as a result of 

Paleozoic epeirogenic activity (Eardley 1962). The Central stable 

Region extends from the eastern Appalachian Mountain chain to the 

western Rocky Mountains, and from the Canadian Shield in the north 

to the onlapping Cretaceous and Tertiary sediments of the Coastal 
Plain in the south. 

The Central Stable Region is considered to be tectonically 

stable, and earthquakes within this region have generally been of 

moderate magnitude (about magnitude 5.25 or less). Figure 3-19 is 

a regional plot of earthquakes of magnitude 3 or larger. The site 

is within an elongated cluster of earthquakes forming a zone of 

activity referred to as the Niagara seismic source zone ("D" in 

Figure 3-19) (Bechtel Group 1986). This cluster cannot easily be 

correlated with known surface tectonic features. However, these 
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earthquakes are speculated to be controlled by an unidentified 

westward-trending struc~~re approximately parallel to the strike of 

the southward-dipping Paleozoic rocks of the region (Hadley and 

Devine 1974, Bechtel Group 1986). Earthquakes within the Niagara 

seismic source zone have been small except for an earthquake that 

occurred near Attica, New York, in 1929 (discussed further below). 

An alternate hypothesis is that the Attica earthquake, and some 

lesser earthquakes nearby, may be associated with the 

Clarendon-Linden structure ("11" in Figure 3-19) (Bechtel 

Group 1986), which traverses the Niagara seismic source zone. 

The other principal region of historic earthquakes near the 

site region (involving parts of the canadian Shield, Adirondack 

Uplift, and St. Lawrence Lowlands to the north and northeast) is 

located in northeastern New York and adjoining parts of Quebec. 

This source region, called the Western Quebec seismic source zone 

("C" in Figure 3-19) (Bechtel Group 1986), has a long history of 

recorded earthquakes. Some of these earthquakes, which are beyond 

the 320-km (200-mi) radius of the Tonawanda site, have been rated 

Modified Mercalli Intensity (MMI) VIII or higher. 

Earthquake activity in the remaining site region has been 

scattered and of moderate to small size. This activity does not 

contribute significantly to the earthquake potential of the 

Tonawanda site relative to the Niagara and Western Quebec seismic 

source zones. 

The largest recorded earthquake within 320 km (200 mi) of the 

site occurred on August 12, 1929, near Attica, New York. Located 

about 42 km (26 mi) east-southeast of the Tonawanda site, the 

magnitude of this earthquake was 5.2 (Street and Turcotte 1977). 

Herrmann (1978) found focal depths between 2 and 3 km (1.3 and 

1.9 mi) for two recent small events in this area and suggested, by 

analogy, that the high epicentral intensity (MMI VIII) of the 

Attica event might have been caused by its shallow depth. 

Four earthquakes of magnitudes 4 between and 5 have been 

cataloged at locations within 40 km (25 mi) of the Tonawanda site: 

December 26, 1796 (magnitude 4.0), October 23, 1857 (magnitude 

4.0), July 6, 1873 (magnitude 4.0), and April 27, 1954 

(magnitude 4.1). The magnitudes of all except the 1954 event have 
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been estimated based on the distribution of reported intensities. 
The closest event, about 8 km (5 mi) from the site, was a magnitude 
3.6 earthquake that occurred on August 22, 1958. 

Except for the earthquakes near Attica, other earthquakes 
within the 320-km (200-mi) radius of the Tonawanda site have not 
been related to known geologic structures. Fox (1970) suggests 
that some of these earthquakes may have been caused by crustal 
stress concentrations resulting from glacial unloading. 

Probabilities of peak dynamic accelerations have been evaluated 
for the Tonawanda site area in several recent studies. Basham 
et al. (1985) presented probabilistic strong ground motion maps of 
Canada showing an acceleration of about 0.11 g with a 10 percent 
probability of being exceeded during a 50-yr period (equivalent to 
the 475-yr acceleration). Algermissen et al. (1990) presented 
similar maps for the United States, indicating an acceleration of 
about 0.08 g at the same probability level. The results of these 
two studies, as well as those of earlier seismic hazard studies 
(Milne and Davenport 1969; Donovan, Bolt, and Whitman 1976; and 
Basham, Weichert, and Berry 1979) are not significantly different 
(BNI 1992b). 

Several estimates of maximum site intensity are possible: 
maximum historical intensity, maximum probable intensity (at a 
specified probability), and maximum potential intensity. A u.s. 
Coast and Geodetic survey (1967) map of maximum historical 
intensity through 1965 shows the Tonawanda site just within the 
contour for maximum MMI VI, clearly from the 1929 Attica 
earthquake. Earthquakes near the Tonawanda site since 1965 have 
not increased this estimated intensity level. Fox and 
Spiker (1977) suggest a reduction in the epicentral intensity of 
the Attica earthquake from VIII to VII. Although not directly 
addressed by Fox and Spiker, this might also imply a reduction in 
the maximum historical site intensity for the Tonawanda site. 

The probabilistic accelerations noted above can be used to 
derive estimates of equivalent probabilistic intensities. Using 

intensity-acceleration relations (Neumann 1954 or Trifunac and 
Brady 1975), the aforementioned 0.08 to 0.11 g 475-yr acceleration 

can be associated with a VI-1/2 to VII 475-yr intensity. 
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Characterization of maximum potential intensity depends 

critically on characterization of the Niagara seismic source zone. 

From a review of a number of publ ~hed characte~izations of this 

zone, the preferred estimate of maximum potential site intensity is 

in the range of VII to VIII (BNI 1992b). 

Estimates of magnitude associated with these intensities may be 

derived from magnitude-intensity relations (Nuttli and 

Herrmann 1978). The maximum potential site intensities of VII to 

VIII imply magnitudes of about 5.3 to 5.8. The aforementioned 

historic data suggest that a magnitude near the lower end of this 

range is appropriate for the Tonawanda site. 

3.4.6 · site Geology 

Data on geologic formations underlying the Tonawanda site have 

been obtained from logs of monitori:·J wells and geologic boreholes 

drilled in this area. The location of monitoring wells and 

geologic boreholes are shown in Figure 3-20 for Ashland 1, 

Ashland 2, and Seaway and in Figure 3-21 for Linde. Where 

available, applicable data from the&e wells and boreholes have been 

used to construct bedrock contour maps (Figures 3-22 and 3-23). 

Stratigraphic cross sections for the Tonawanda properties were also 

constructed. The locations of the cross sections are shown in 

Figures 3-24 and 3-25; cross sections are shown in Figures 3-26 

through 3-29. These figures accompany the discussions that follow. 

Bedrock 

Shales of the Salina Group (see Figure 3-17) at depths of 17 to 

29 m (55 to 95 ft) constitute an irregular floor (Figure 3-22) for 

the surficial deposits and are part of the groundwater system at 

the properties. Nineteen geologic boreholes were drilled at 

Ashland 1 and 2 and adjacent to the southeastern boundary of Seaway 

from 1.5 to 4.5 m (5 to 15 ft) into bedrock. At Linde, where 

liquid wastes had been injected into bedrock, eight boreholes were 

advanced into bedrock an average of 18m (60ft). 
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The bedrock surface exhibits apparent relief of more than 18 m 

(60 ft) in the immediate vicinity of the properties (Figure 3-22) 

as determined from boreholes and wells drilled by BNI and Recra

Wehran at Seaway (Figure 3-20) and from USGS reports and additional 

information provided in a personal communication. The principal 

east-west paleovalley in the Tonawanda area skirts the northwestern 

boundaries of Ashland 2 and Seaway and coincides with the Tonawanda 

Channel of the Niagara River for a short distance before resuming 

its irregular westerly course (Kappel 1992). 

A buried topographic ridge lies between the properties along 

the river and the Linde property. Linde occupies a narrow 

south-to-north bedrock valley that was a tributary to the principal 

east-west paleovalley. Figure 3-22 indicates that the 
south-to-north gradient in the deepest part of the tributary valley 

at Linde is approximately 1.5 mjmi (5 ft/mi) (0.0009); however, 

because of limited subsurface control, determination of the 
gradient is tentative. 

The overall slope of the irregular bedrock surface at 

Ashland 1, Seaway, and Ashland 2 is north-northwest (Figure 3-23) 

from the southern end of the properties toward the axis of the 

principal paleovalley. A minor bedrock valley oriented south of 

the western boundary of Ashland 1 trends north-northeastward across 

Seaway and Ashland 2. This small tributary valley is separated 

from the principal paleovalley to the northwest by a small knoll or 

ridge 3 to 4.5 m (10 to 15 ft) high. The gradient down this small 

channel appears to be less than 6 mjmi (20 ft/mi) (0.0037). 

Southeast of this small, buried channel, the bedrock surface 

abruptly rises more than 12 m (40 ft) to the crest of a bedrock 

ridge. Contour lines on Figure 3-23 indicate that the steepest 

gradient of the bedrock surface in this area extends from the 

Recra-Wehran Well W1 (Seaway) northwestward to the center of the 

channel at the northeastern edge of Seaway. The gradient of the 

bedrock surface here is about 56 mjmi (185 ft/mi) (0.035). 

Gray shale and mudstone with abundant thin layers and 

irregularly shaped masses of gypsum characterize the Salina Group 

at the Tonawanda site. In some intervals as thick as 3m (10ft), 
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gypsum constitutes as much as half of the rock. The thickest 

individual gypsum layer found was 0.3 m (1ft). Generally, gypsum 

is present in on:y small amounts, as joint and fracture fillings, 

in bedrock intervals a few feet thick. 

All boreholes with significant core recovery showed moderate to 

extensive fracturing in the upper 2 to 4.5 m (6 to 15 ft) of 

bedrock. Cores appeared to be only slightly fractured in most 

places below this upper zone. Joints were primarily perpendicular 

to the core axes and parallel to bedding planes. Joint surfaces 

were mostly planar to gently undulated and slightly rough. Partial 

to full gypsum crystal development characterized many joints, and a 

few joints were coated with mud. Jointing was found to be common 

at the contact between gypsum and shale. Most open fractures at 

this location probably were induced by the coring process. 

Core descriptions by field geologists indicate that solution 

features are relatively common in the bedrock, especially in 

gypsum. Some weathering phenomena were noted at the upper surface 

of bedrock. The bearing strength of the bedrock surface is 

primarily dependent on the percentage of weathered gypsum. 

Fractures, cracks, joints, solution features, and weathered 

gypsum and gypsiferous shale in the upper part of the bedrock, in 

conjunction with a thin zone of relatively coarse-grained 

glaciofluvial deposits underlying the glaciolacustrine deposits, 

constitute the principal water-bearing interval·at the Tonawanda 

site. Because its surface is i~regular, this bedrock does not 

occur at uniform depths throughout the area, and the favorable 

water-bearing characteristics of the bedrock portion may not always 

correspond to the areas of coarsest-grained overburden. In 

summary, this interval is not uniform throughout the area, and 

differences in water-bearing properties may occur within short 

distances. 

unconsolidated Material 

A thin interval of organic-rich silt and clay underlies the 

surface drainages at the Tonawanda site. However, till, varved 

lacustrine clay, and glaciolacustrine deposits 17 to 26 m (55 to 
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85 ft) thick characterize the bulk of the unconsolidated material, 

and locally a few feet of fluvial and glaciofluvial deposits are 

found on top of bedrock. Relatively thick sections of 

coarse-grained outwash or ice-contact, beach, and alluvial deposits 

occur in the region (Muller 1977, Cadwell 1988) but not near the 

Tonawanda site. These coarse-grained deposits constitute notable 

aquifers and probably are important conduits for recharging deep 

aquifers where they occur in contact with bedrock. 

Till. Till or till-like sediment 6 to 12 m (20 to 40 ft) thick 

covers most of the area of the Tonawanda site, as shown on the 

geologic cross sections (Figures 3-26 through 3-29). At Ashland 2, 

differentiations in the fine-grained overburden were not made (see 

cross sections A-A' and c-c•, Figure 3-26), but distinctions 

described at other properties also apply to most of Ashland 2. 

The uppermost unit is a massive silty clay with various amounts 

of embedded sand and gravel. The deposit is hard and compact 

(especially where it is dry); locally, cracks described as 

desiccation fractures filled with clay and organic matter extend to 

a depth of 4.5 m (15 ft). The fine grain size and apparently 

structureless nature of the deposit do not allow fluids to be 

transmitted readily, except through fractures and possibly through 

jointing in the clay. 

Varved lacustrine clays. A zone of varved lacustrine clays and 

silts occurs immediately beneath the uppermost unit, but the zone 

is very thin locally [for example, 1 m {3 ft) thick in borehole 

B55G48 at the southern end of Seaway]. This zone features 

alternating 1-mm to 5-cm {0.04- to 2-in.) layers of clay, silt, and 

{locally) very fine-grained sand. Bedding is horizontal. 

Glaciolacustrine deposits. Various sediments resulting from 

different depositional processes are grouped together in the unit 

that underlies the varved zone. The 3.4-m {11-ft) interval 

immediately above bedrock in borehole B55G49 at the southern tip of 

Seaway appears to be till or till-like clay. This borehole is on 

the bedrock ridge at the southern end of the Ashland/Seaway 

properties (Figure 3-23), and cores from adjacent boreholes support 

the idea that till to till-like materials overlie the higher parts 

of the ridge {see cross sections c-c• and B-B' in Figures 3-26 and 
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3-27). core deE=riptions at other borehole locations indicate that 

nonbedded silty clay w~th embedded sand and gravel, which may be 

typical of till, can occur in this stratigraphic unit at different 

locations throughout the area. 
Other deposits in this unit, which ranges in thickness from 6 

to 14m (20 to 45ft), include homogeneous, massive silty clays, 

massive to bedded sandy silts and clays, and silty/clayey sands. 

Approximately 0.3 m (1 ft) or less of gravelly sand was described 

in this unit at one or two borehole locations, as were thin zones 

of laminated silt, clay, and sand. These sediments probably were 
deposited in the Late Wisconsin glacial lakes and reflect differing 

lake depths, water currents, and distances from streams entering 

the lakes. 

Some of the silty/clayey sand in the lower part of this 

stratigraphic interval probably is of glaciofluvial origin. Such 

sediments are common above several feet of clean sand and gravelly 

sand in the lowest part of the bedrock paleovalley at Linde 

(differentiated in cross sections D-o• and D-E', Figures 3-28 and 

3-29). Even more notable, however, is the sand and silty sand from 

17.1 to 26.3 m (56.2 to 86.3 ft) in B32W02D in the northern part of 

Ashland 2 (see cross section A-A', Figure 3-26). This borehole 

location marks the lowest point of the bedrock surface drilled at 

the Tonawanda properties and is the location closest to the axis of 

the principal east-west paleovalley. At this location, fine

grained sand and silty sand with some in~erbedded silt/clay overlie 

the 2.6 m {8.5 ft) of sandy gravel that occurs above bedrock. At 
least the lower 6 m (20- ft) of this sequence of deposits could be 

of glaciofluvial origin; it also represents the thickest, most 

permeable zone found in all borings and wells. 

Coarser-grained basal glaciofluvial deposits (Figure 3-17), 

referred to in the previous paragraph, are absent over parts of the 

bedrock ridge (see cross sections c-c• and B-B' in Figures 3-26 and 

3-27) but occur throughout the remainder of the properties. This 

basal zone ranges from less than 0.3 m (1 ft) to about 3 m (10 ft) 

in thickness and appears to contain clay and other fine-grained 

sediment over the bedrock knolls and higher spots. Although this 

zone is present (and even relatively thick) over these features, 
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the deposits are not well sorted and probably have poor fluid
transmitting properties (see especially the southeastern end of 
cross section A-A' and cross section c-c• in Figure 3-26). In some 
places, these deposits appear to be similar to till with some of 

the clay washed away. 
The coarse-grained basal zone is generally thick and well 

sorted in the paleovalleys and channels. The coarse-grained 
deposits at Linde and B32W02D (Ashland 2) have been mentioned; the 

minor bedrock channel that extends north-northeastward past 
Ashland 1 and through Seaway and Ashland 2 also contains relatively 
clean sands of fluvial origin. The differences in the 
water-bearing capabilities of the basal zone within and outside the 
bedrock lows may be more apparent than real in most places because 
the interval is thin, and the deposits generally are poorly sorted. 

3.5 SOILS AND THE VADOSE ZONE 

This section describes the physical, engineering, 
hydrogeologic, and geochemical properties of the unconsolidated 
materials (soils). The vadose zone and its effects on flow and 
solute transport are also examined. The information presented on 
soil properties is based on analyses of soil samples from the 
Ashland properties. However, the similarity in geologic 
environments for the other Tonawanda properties suggests that the 
conclusions are representative of the entire Tonawanda site. 

3.5.1 Physical Properties 

The physical properties measured during this investigation are 
gradation, unit weight, specific gravity, water content, and 
centrifuge moisture equivalent. Additionally, void ratio and 

percent saturation were calculated using the measured physical 
properties. These measured and calculated values are presented in 

Appendix c. Table 3-2 summarizes this information by geologic 
unit. 

The till, varved lacustrine clay, and glaciolacustrine clay 
units appear to have similar physical properties. The most 
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important component of these units is the silt and clay content. 
The mean silt and clay compositiors of these units range from 79 to 
84 percent, an indication that the ~nits behave as fine-grained 
soils; this behavior influences the engineering, hydrogeologic, and 
geochemical properties of the soils. The data on percent 
saturation for the varved lacustrine clay and glaciolacustrine clay 
show that some samples are less than 100 percent saturated, 
suggesting that unsaturated zones exist within these units. The 
units have an average dry unit weight (bulk density) of 1.7 gfcm3 

(107 lb/ft3). Dry unit weight is a parameter used in solute 

transport calculations. 
The glaciofluvial deposits are characterized as being composed 

primarily of sand, along with various amounts of gravel, silt, and 
clay. However, gradation and other physical property data suggest 
that some samples from within the unit exhibit the properties of 
fine-grained materials. The available information is not 
sufficient to determine the spatial distribution of these 
fine-grained zones. Thus, for the purposes of evaluating the 
glaciofluvial deposits, this unit is conservatively assumed to be 
composed of coarse-grained materials (sand). 

3.5.2 Engineering Properties 

Engineering properties of the soil were measured to provide 
data for evaluating remedial action alternatives involving soil 
excavation and construction· of an onsite disposal .cell. The 
properties measured are Atterberg limits, consolidation, triaxial 
strength, and the moisture-density relationship. These tests were 
performed on samples from the till, varved lacustrine clay, and 
glaciolacustrine clay. The results of these tests are presented in 
Appendix c. 

The specific objectives of the testing program were to provide: 

• Preliminary soil strength data to allow assessment of 
excavation techniques for removal of contamination 
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• Information for evaluating the suitability of the native 
soils as a foundation material for an onsite disposal 

cell 

• Information for evaluating the suitability of the native 
soils for use in constructing an onsite waste containment 

cell 

3.5.3 Hydrogeologic Properties 

The hydrogeologic properties determined during this 
investigation are hydraulic conductivity, porosity, and effective 
porosity. Because most of the soils at the Tonawanda site are fine 
grained and thus have low to very low hydraulic conductivity, 
performing field hydraulic conductivity tests was impractical. 
Instead, undisturbed soil samples were collected and submitted to a 
laboratory for hydraulic conductivity tests that measure the 
vertical hydraulic conductivity of the samples using a triaxial 
cell permeameter. Porosity and effective porosity were calculated 
from other physical properties of the soils. The effective 
porosity of the soils is assumed to be approximately equal to the 
specific yield, which can be estimated using total porosity and 
specific retention. 

Results for laboratory vertical hydraulic conductivity tests 

for the till, varved lacustrine clay, and glaciolacustrine clay are 
presented in Table 3-3. The geometric mean vertical hydraulic 
conductivity of these clay materials is 2.3 x 10-8 cmjs 

(0.024 ftjyr} with a range of 9.4 x 10-9 to 7.2 x 10-8 cmjs 

(0.010 to 0.075 ftjyr). The range of hydraulic conductivity values 

suggests that the clay units can be considered to be vertically 
homogeneous. 

Table 3-4 presents estimates of total porosity, specific 
retention, and specific yield for the soils. The specific yield 
data are used to estimate effective porosity. The estimated 

effective porosity of the till, varved lacustrine clay, and 
glaciolacustrine clay is 8 percent. The estimated effective 
porosity of the glaciofluvial unit is 13 percent. Effective 
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porosity values, hydraulic conductivity, and hydraulic gradient are 
used to estimate average linear groundwater velocity. Average 

total porosity for the till, varved lacustrine clay, and 
glaciolacutrine clay is 37 percent, and for the glaciofluvial 
deposits is 22 percent. Total porosity values are used to estimate 
the total volume of contaminated groundwater that a soil can hold 

and are used as a parameter in solute transport calculations. 

3.5.4 Geochemical Properties 

The geochemical properties measured during this investigation 

are cation exchange capacity and distribution ratio, which provide 

information on the reactions between inorganic chemical 
contaminants and soil. cation exchange capacity was measured using 

either the silver-thiourea method (Hoddinott 1983) or the ammonium 
acetate method (Thomas 1982). Distribution ratios were measured 
using the short-term batch method (ASTM 1983). Distribution ratios 
are contaminant-specific measurements; for the purposes of the 

Tonawanda site investigation, uranium was used as the contaminant. 
The cation exchange capacity results for the till, varved 

lacustrine clay, and glaciolacustrine clay show a widely dispersed 
distribution, with values ranging from 30 to 485 meq/100 g of soil. 

This dispersed distribution appears to be related to analytical 
procedures. The first group of samples analyzed had cation 

exchange capacities ranging from 30 to 38 meq/100 g of soil; the 

second group had values ranging from 200 to 240 meq/100 g of soil; 

and the third group had values ranging from 312 to 485 meq/100 g of 
soil. The analytical data are being reviewed to determine the 

validity of these measurements. 

The uranium distribution ratio data (shown in Table 3-5) for 
the till, varved lacustrine clay, and glaciolacustrine clay have a 

narrow distribution, with values ranging from 5 to 29 mlfg. 

Examination of the data suggests that the three units may be 

characterized by a distribution ratio of approximately 10 mlfg. 

The distribution ratio is U'Sed to evaluate the retardation of the 

movement of uranium relative to groundwater movement through the 

soil. 
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3.5.5 Vadose Zone 

The vadose zone is generally defined as the soil interval 

between the ground surface and the water table. Water flow through 

this zone occurs under unsaturated conditions. At the Tonawanda 

site, the vadose zone is not clearly defined. Conceptually, 

saturated flow occurs in three zones: an upper perched zone near 

the ground surface, a shallow saturated zone in sand lenses within 

the varved lacustrine and glaciolacustrine clays, and a contact 

zone that includes the basal glaciofluvial deposits and the 

fractured upper bedrock. Field observations suggest that the 
perched zone is saturated only intermittently. Percent saturation 

data (Section 3.5.1) also suggest that unsaturated zones exist 

within the varved lacustrine and glaciolacustrine clays. Thus, 

unsaturated flow could occur below the water table. 

Unsaturated flow is described by a nonlinear equation that 

incorporates volumetric water content, pressure head distribution,. 

and unsaturated hydraulic conductivity. The application of this 

equation requires determination of the relationships among 

volumetric moisture content, hydraulic conductivity, and pressure 

head. These relationships are specific to individual soil units. 

However, an upper boundary to unsaturated flow is saturated flow. 

Thus, a conservative estimate of vertical groundwater velocity can 

be made from the following equation: 

v= 

where: v = 
K = 

ne = 
i = 

Ki = 0 · 024 ft/yr x 1 = 0.3 ft/yr or 0.09 m/yr, 
0.08 

average linear velocity, 
saturated hydraulic conductivity = 0.24 ftjyr 
(Table 3.-3) I 

effective porosity = 0.08 (see Section 3.5.3) 1 

hydraulic gradient = 1 (for vertical flow). 
and 

However, contaminants moving through the vadose zone soils would 

travel at a slower rate because of interactions with the soil 

particles. This slower rate is defined by the retardation factor: 
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R = v -, 
vs 

where: v = average linear groundwater velocity (ft/yr), 
V6 = velocity of the solute (ft/yr), and 
R = retardation factor (unitless). 

The retardation factor may also be determined from the properties 
of the materials: 

where: R 
p 
fJ 
l<d 

= 
= 
= 
= 

retardation factor, 
bulk density= 1.7 gjcm3 = 1.7 gjml, 
porosity= 0.37, and 
distribution coefficient ~ distribution ratio = 
10 mlfg. 

Thus, uranium contamination in groundwater would migrate 47 times 
slower than the estimated vertical groundwater velocity of 
o. 09 m/yr ( o. 3 ft/yr) • "?'.etardation factors for thorium and· radium 
are typically greater than for uranium; therefore, these 
radionuclides would migrate at a slower rate. 

3.6 HYDROGEOLOGY 

3.6.1 Regional Hydrogeology 

La Sala (1968) investigated the groundwater resources of the 
Erie-Niagara basin, the groundwater basin in which the Tonawanda 
sites are situated. The results of that investigation provide the 
basis for an understanding of the regional hydrogeology. The 
following paragraphs summarize the pertinent information presented 
(LaSala 1968)~ 
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Groundwater in the Erie-Niagara basin occurs in four 

hydrostratigraphic units: 

• Unconsolidated materials, consisting of glacial tills, 
glaciofluvial deposits, and glaciolacustrine silts and clays 

• Soluble limestones and dolomites of the Salina Group (Akron 
Dolomite and Bertie Formation) and the Onondaga Formation 

• Shales of the Salina Group (Vernon Shale, Syracuse 
Formation, and Camillus Shale) 

• Dolomites of the Lockport Formation 

The unconsolidated materials contain the most productive water
bearing zones in the Niagara region. These materials have a wide 
range of hydrogeologic properties, caused by differences in 
thickness, distribution, and lithology. In areas where relatively 
thick sequences o~ coarse-grained glaciofluvial deposits are 
present, well yields of as much as 44 L/s {700 gpm) are reported. 
The transmissivities of these deposits range from 124 to 
1,242 m2 jday {10,000 to 100,000 gpdjft), and specific capacities of 

wells completed in these deposits range from 1.2 to 9.3 L/s/m 
(6 to 45 gpmjft). Generally, groundwater flow directions and 
hydraulic gradients vary widely within the glaciofluvial deposits. 
However, flow directions and hydraulic gradients are typically 
controlled by the spatial distribution of these deposits within 

ancient valleys or by the influence of pumping water from these 
deposits. Glacial tills are distributed throughout the Erie
Niagara basin but are characterized by low hydraulic conductivity 
and therefore yield only small quantities of groundwater. 
Similarly, the glaciolacustrine deposits are predominantly silts 

and clays having low to very low hydraulic conductivity. Zones of 
fine-grained sands are present within the glaciolacustrine 
deposits, which have higher hydraulic conductivities than the 
surrounding materials. These zones are a potential source of small 
amounts of water but typically are not used because of difficulties 

in completing supply wells in the fine-grained sand. 
The soluble limestones and dolomites of the Salina Group 

(Bertie Formation and Akron Dolomite) and the Onondaga Formation 
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are considered to be a single aquifer. Groundwater flow within 

this aquifer is controlled by secondary porosity features 

(fractures, joints, and bedding plan£ openings). Some of the 

fractures may have been caused by isostatic rebound associated with 

glacial ice unloading. These discontinuities have been enlarged by 

solutioning. Wells completed in this aquifer can yield as much as 

19 L/s (300 gpm) but generally yield less than 6 L/s (100 gpm). 

Reported transmissivities range from 74 to 310 m2fday (6,000 to 

25,000 gpd/ft), with specific capacities ranging from 0.4 to 

2.7 L/sfm (2 to 13 gpm/ft). Groundwater obtained from this aquifer 

is generally potable except where the water quality has been 

degraded by upward movement of mineralized water from the 

underlying.shales of the Salina Group. 

The shales of the Salina Group are interbedded with calcareous 

mudstones and dolomite. Abundant evaporite deposits (gypsum, 

halite, and anhydrite) are also found as lenses and veins in the 

Salina. Secondary porosity within the Salina Group is associated 

with solution-enlarged fractures and bedding-plane openings and 

with voids caused by dissolution of the soluble evaporite deposits. 

Wells completed in the Salina Group yield as much as 76 Ljs 

(1,200 gpm). Reported transmissivity values range from 87 to 

869 m2 jday (7,000 to 70,000 gpd/ft), with specific capacities of 

wells screened in this group ranging from 4.1 to 16.6 L/sfm (20 to 

80 gpm/ft). The Salina shales are considered to be the most 

productive bedrock aquifer in the site area. However, the 

groundwater has high concentrations of dissolved solids, sulfate, 

and chloride derived from the evaporates. The highest 

concentrations of these dissolved constituents in the Erie-Niagara 

basin are found in the Tonawanda area. 

Dolomites of the Lockport Formation have secondary porosity 

developed in open bedding joints, fracture zones, and solution

widened discontinuities. Reported well yields (Johnston 1964) are 

as much as 7 L/s (110 gpm). An estimate of the average 

transmissivity of the formation is 29 m2 jday (2,300 gpd/ft). Other 

tests in the Lockport show a range of transmissivity from 4 to 

12 m2jday (300 to 1,000 gpdjft) and storage coefficients ranging 

from 1 x 10-5 to 3 x 10-4 • Because the Lockport Formation contains 
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gypsiferous zones, the groundwater typically contains high 
concentrations of sulfate and therefore is not potable. 

3.6.2 site Hydrogeology 

Groundwater at the Tonawanda site has been observed in three 

distinct hydrogeologic systems: 

• A perched system 
• A shallow semiconfined system 
• A contact-zone aquifer at the contact between basal 

unconsolidated materials and weathered bedrock 

Monitoring wells were installed in the latter two systems. The 
construction details for these wells are summarized in Table 3-6, 

and the well locations are shown in Figure 3-30. The following 
sections describe these systems. 

Perched System 

The perched system occurs in surficial deposits including 
alluvium deposited by surface drainages, fill material, and the 
upper part of the till, where desiccation cracks are present. With 
the possible exception of groundwater in the alluvial deposits, 
site observations suggest that groundwater occurrence in the 
perched system is intermittent and is associated with precipitation 
events. The perched system is conceptualized as a short flowpath 
system, representing subsurface movement of water to local 
drainages. The top of the clayey till unit is thought to exert an 

influence on groundwater flow in this system. Figure 3-31 presents 
a contour map of the top of the clay. Conceptualization of the 
system suggests that the shape of the potentiometric surface in the 
perched zone would be similar to the configuration of the top of 
the clay. Because this system occurs at or near the land surface, 

evapotranspiration by vegetation is a significant factor that 
controls groundwater occurrence. 
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Descriptions of material from boreholes drilled through the 

perched system indicate textural varieties ranging from coarse

grained allu~ial deposits and pockets of coarse-grained fill 

material (slag, bricks, and other building rubble) to silt and clay 

deposits. These descriptions suggest that the hydrogeologic 

properties of the perched system are both heterogeneous and 

anisotropic. The desiccation cracks in the upper part of the till 

may have a significant impact on groundwater flow. A study on a 

similar till in southwestern Ontario (McKay et al. 1988) shows that 

tracer velocities of 0.03 to 0.3 mfday (0.1 to 1 ft/day) are 

possible in the desiccation cracks. Although this study focused on 

a 2-m (6.6-ft) transport pathway, it indicates that relatively high 

hydraulic conductivity zones can occur in an otherwise low 

hydraulic conductivity material. Further evidence of groundwater 

movement is the presence of silt fillings in many of the observed 

cracks. These fillings indicate transport of fine-grained material 

by piping, which occurs when groundwater moves through fine-grained 

materials at a sufficiently high velocity to suspend and transport 

the fine particles. 

Because of the complexity and temporal variability of the 

perched system, conventional monitoring wells and monitoring 

techniques are not feasible. However, conceptualization of the 

groundwater flow system suggests tha~ monitoring the surface 

drainages is the most effective method for monitoring the perched 

system. 

Shallow system 

The ~hallow semiconfined system occurs in sand lenses 

associat6d with the glaciolacustrine deposits. These lenses 

correlate with the fine~grained sand zones described in 

Section 3.6.1. The system is considered to be semiconfined because 

it is surrounded by lower hydraulic conductivity material, which 

allows the head within the sand lenses to rise above the tops of 

the lenses. The sand lenses occur approximately 5 to 12 m (16 to 

40 ft) below the ground surface. At Ashland 1 and 2, seven 

monitoring wells (Table 3-6) were installed to monitor this system. 
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Water levels were measured weekly in these wells to determine the 
range of groundwater level fluctuation and to evaluate groundwater 

flow direction. 
Groundwater level data were used to prepare hydrographs for the 

shallow system. Examples of hydrographs (for wells B55W30S and 

B55W39S) are shown in Figure 3-32; hydrographs for other wells are 

presented in Appendix F. In 1989 and 1990, B55W39S was sampled six 

times for radiological and chemical analyses during the periods 

shown on the hydrograph (the sample obtained on october 20, 1990, 

was for radiological analysis only). After each sampling event, 
the well required from two to five weeks to recover to a static 

level. These artificial fluctuations masked any seasonal 

fluctuations in groundwater levels. In 1991 and 1992, when 
sampling was not performed, groundwater levels exhibited a typical 

seasonal response; peak groundwater levels occurred in late spring, 

followed by a decline through summer and fall and an increase in 

winter. The sharp peaks observed in B55W39S for June 1990 and 

May 1991 represent single measurements and are believed to be a 

result of measurement error because these sharp peaks are not seen 

in the hydrographs for other shallow monitoring wells. Well 

B55W30S, which was not sampled for chemical and radiological 

analyses, provides a record of natural groundwater level 

fluctuations. The hydrograph for this well shows a more 

exaggerated seasonal response than in well B55W39S, which is 

believed to be caused primarily by the difference in depths of the 

wells. The top of the well screen for B55W30S is approximately 6 m 

(19 ft) below the ground surface, whereas the top of the well 

screen for B55W39S is approximately 12 m (39 ft) below the ground 

surface. Thus, the water levels in well B55W30S appear to exhibit 

a more pronounced response to deep percolation because the 

monitored zone is nearer the ground surface. Further evidence of 

this response can be seen by comparing the times when peak and 

minimum groundwater levels occur. In 1991 the peak groundwater 

level in B55W30S occurred approximately one month before the peak 

level in B55W39S; similarly, the minimum groundwater level in 

B55W30S occurred approximately two months before the minimum water 

level in B55W39S. The hydrograph for B55W30S also shows the impact 
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of below-average precipitation in 1991 and 1992. The minimum 

groundwater level in 1991 was 0.9 to 1.2 m (3 to 4 ft) lower than 

minimum levels for the previous two years. The groundwater level 

peak in 1992 is much sharper than the peaks for the previous 

three years. These observations suggest a net decline in storage 

associated with a recharge deficit. 

Groundwater in the shallow system may be conceptualizated as 

flowing through a series of hydraulically interconnected sand . 

lenses, with recharge to and discharge from the system occurring in 

the uppermost sand lenses. The shallow groundwater system 

discharges to Rattlesnake Creek downstream of the site. 

contact-zone Aquifer 

The coarser-grained basal zone of the unconsolidated deposits 

and the fractured and jointed upper part of the Salina Group 

bedrock constitute the contact-zone aquifer. To obtain water 

levels and chemical data, 11 wells at the Ashland 1 and Ashland 2 

and 8 wells at Linde (Table 3-6) were installed.in the contact 

zone. Three additional wells were installed at Ashland 2 in an 

intermediate zone overlying the coarse-grained unconsolidated 

deposits. 

Groundwater in the contact-zone aquifer occurs under confined 

conditions. Water rose more than 16.8 m (55 ft) above the top of 

the contact zone in well B32W02D (cross section A-A', Figure 3-26), 

which had the deepest contact zone of all the wells at the 

Tonawanda site. At geologic borehole B55G45, groundwater would 

probably rise only about 4.6 to 5.5 m (15 to 18 ft) above the 

contact zone because this borehole is on a bedrock ridge. 

Groundwater levels rose 12 to 15 m (40 to 50 ft) above the contact 

zone at Linde. 

Recharge to the contact-zone aquifer probably occurs at several 

locations. For example, carbonate rocks that constitute an aquifer 

to the south are exposed (or minimally covered by unconsolidated 

deposits) 5.6 to 7.2 km (3.5 to 4.5 mi) southeast of Linde. Also, 

coarse-grained alluvial deposits along Ellicott Creek 9.6 km (6 mi) 

east of Linde [see geologic maps of Muller (1977) and 
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Cadwell (1988)) may be hydraulically connected to the contact-zone 

aquifer; these maps also show that outwash sand and gravel rest on 

bedrock approximately 17.7 km (11 mi) east of Linde. The 

unconsolidated deposits at the properties may themselves provide 

some recharge to the contact-zone aquifer; however, the chemical 

composition of the groundwater in the aquifer is indicative of a 

long residence time (see Section 4.3.1, "Deep Aquifer"). 

Groundwater level measurements were taken periodically in wells 

screened in the contact zone and the intermediate zone at the 

Ashland properties and in the contact zone at Linde. Typical 
hydrographs developed from measurements of wells at Ashland 2 South 

are shown in Figure 3-33; other hydrographs for wells at the 

Ashland properties and Linde are presented in Appendix F. The 

monitoring wells on the typical hydrograph include a well from the 

contact-zone aquifer (B55W34D) and a well from the intermediate 

system (B55W33M). Both wells show seasonal fluctuations similar to 

those noted in the shallow groundwater system. The temporal 

distribution of seasonal fluctuations in B55W34D resembles that in 

B55W30S, although the magnitude of fluctuation in B55W34D is less. 

This temporal correlation is believed to be a result of a pressure 

response in the confined aquifer.to changes in head at the recharge 

area for the confined aquifer. Because this is a pressure response 

rather than a flow response, head changes at the distal recharge 

area are rapidly transmitted through the confined aquifer. Thus, 

the contact-zone aquifer behaves as a shallow system would in 

response to changes in recharge. The temporal changes in the 

intermediate zone well (B55W33M) are observed later than the 

changes in the contact zone and between the temporal changes in 

shallow system wells B55W30S and B55W39S. This suggests that flow 

in the intermediate zone is more closely related to flow in the 

contact zone than to flow in the shallow system. If the 

intermediate zone had been recharged by percolation from the 

shallow system, a consistent correlation of temporal response with 

depth would have been observed, with response occurring first at 

B55W30S, then at B55W39S, and finally at B55W33M. Figure 3-34 

presents typical hydrographs for wells monitoring the contact-zone 
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aquifer at Ashland 1, Ashland 2, and Linde. These hydrographs 
indicate that groundwater level responses are comparable at these 

properties. 
Piezometric surface maps for the contact-zone aquifer at the 

Tonawanda properties were prepared from groundwater level data 
for September 6, September 28, October 26, and December 6, 1989 

(Figures 3-35 through 3-38). These maps indicate hydraulic 
gradients ranging from 0.0004 to 0.0005 at Ashland 1 and in the 

southeastern portion of Ashland 2. At Linde, the hydraulic 
gradient decreases to the southwest. Projections of piezometric 
contours suggest t~at low heads probably existed in the industrial 

area along Sheridan Drive from the Niagara River to Kenmore Avenue 
during this period. The piezometric surface maps suggest a west

to-northwest flow direction in the central and northwestern parts 

of Seaway and Ashland 2. Figure 3-39 shows the October 26, 1989, 
piezometric surface at the Ashland/Seaway properties in more 
detail. The hydraulic gradient along the west-to-northwest flow 

line is approximately 0.0004 for this date. Piezometric surface 
maps of the contact-zone aquifer for the Ashland/Seaway properties 

that were prepared for late May 1989, 1990, and 1991 indicate a 
west-northwest to north-northwest flow direction, with a hydraulic 

gradient of approximately 0.0003 (Figures 3-40 through 3-42). 
A west to north-northwest flow direction in the contact-zone 

aquifer appears reasonable in view of the general westward slope of 

the bedrock valleys and the pattern of regional groundwater flow 

described by the Erie and Niagara Counties Regional Planning Board 

(1978). The regional groundwater flow pattern suggests that the 
discharge area for the contact-zone aquifer is the Niagara River. 

The contact-zone aquifer probably does not discharge water to the 

Niagara River immediately adjacent to the Ashland/Seaway 

properties, although the piezometric surface elevation in the 
vicinity of the river is typically near that of the river level 

except during seasonal low groundwater level periods, when 

groundwater levels are below the river level. Thus, a hydraulic 

connection between the contact-zone aquifer and the Niagara River 

may exist in some localities farther upstream. 
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Hydraulic conductivity tests were performed in the weathered 
bedrock portion of the contact-zone aquifer. At the Ashland/Seaway 
properties, a constant-head packer test was performed in each of 
13 monitoring wells in the upper part of the bedrock. The highly 
fractured nature of the upper bedrock makes it difficult to 
determine whether the packer is completely seated during a test. 
With this in mind, the test results (Table 3-7) indicate hydraulic 
conductivities ranging from 1.1 x 10-5 to 3.1 x 10-2 cm/s (11 to 

32,094 ft/yr), with a geometric mean of 2.6 x 10-4 cmfs 

(272 ft/yr). At Linde 35 constant-head packer tests were conducted 
at various depths in the bedrock. The geometric mean hydraulic 
conductivity measured in the bedrock (Table 3-7) is 7.8 x 10-5 cmfs 

(80 ftjyr), with a range of less than 7.4 x 10-6 to 3.5 x 10-4 cmfs 

(less than 8 to 362 ftjyr). Approximately 80 percent of the packer 
tests at Linde had no water "take" (no water flow through the 
packer apparatus). Comparison of geometric mean hydraulic 
conductivities for the Ashland/Seaway properties and Linde 
indicates that hydraulic conductivity is more than three times 
greater at Ashland/Seaway. However, the Ashland/Seaway data may be 
biased upward by the single high hydraulic conductivity value from 
geologic borehole B55G49. When this high value is excluded, the 
recomputed geometric mean hydraulic conductivity at Ashland/Seaway 
is more than two times greater than at Linde. 

The hydraulic gradient and hydraulic conductivity data 
described above may be used to estimate groundwater velocity in the 

contact-zone aquifer. The average linear groundwater velocity may 
be determined as follows: 

where: v = 
K = 
i = 
ne = 
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v= Ki 

average linear groundwater velocity (ftjyr}, 
hydraulic conductivity (ftjyr), 
hydraulic gradient (unitless), and 
effective porosity, decimal (unitless). 
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The contact-zone aquifer is composed of materials with.two 
distinctive sets of hydrogeologic properties. Groundwater flow in 
the unconsolidated deposits occurs through primary (intergranular) 
pc~osity, whereas flo• in the weathered bedrock is controlled by 
secondary porosity (fractures and solution features). The equation 
for determining groundwater velocity is applicable to estimates of 
velocity in the unconsolidated deposits, but assumptions are 
required to apply this equation to fractured media. The primary 
assumption is that flow in the bedrock is Darcian (i.e., conforms 
to Darcy's Law). There are two components to this assumption. 
First, groundwater flow is assumed to be laminar or nonturbulent. 
Turbulent flow typically occurs in rocks such as basalt or 
limestone that contain large underground openings (Todd 1980). 
Although the Salina Group bedrock contains soluble gypsum zones, 
drilling at the Tonawanda site has not revealed any major solution 
features that cou~d act as conduits for rapid groundwater movement. 
Thus, the assumption that laminar flow is occurring in the bedrock 
appears reasonable based on observed conditior~ at the site. 
Second, Darcy's Law assumes that flow is occurring in a porous 
medium. Fractured media also may exhibit flow characteristics of a 
porous medium, but the scale at which this is applicable depends on 
fracture frequency and orientation. Rock core aescriptions for 
geologic boreholes and wells indicate that the upper 3 to 4.5 m 
(10 to 15 ft) of the Salina Group bedrock is pervasively fractured. 
Thus, the upper bedrock portion of the aquifer is considered to be 
an equivalent porous medium when evaluating flow on the site scale. 

Groundwater flow velocities in the upper part of the bedrock 
are estimated separately for the Ashland/Seaway properties and 
Linde because packer test results suggest that bedrock at Linde has 
a lower hydraulic conductivity. The geometric mean hydraulic 
conductivity for each of the properties (Table 3-7) and an average 
hydraulic gradient of 0.0003 are used in the estimate. Effective 
porosity of fractured rock typically ranges from 0.01 to 
0.1 percent (Lyman, Reidy, and Levy 1991). Because the upper part 
of the bedrock is highly fractured, an effective porosity of 0.1 
percent was selected. The average linear groundwater velocity in 
the upper bedrock at Linde is estimated to be: 
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v= 80 ft/yr X 0. 0003 = 24 ft/yr 
0.001 

or 7 m/yr. 

Average linear groundwater velocity in the upper bedrock at 

Ashland/Seaway is estimated to be: 

v= 272 ft/yr x 0. 0003 = 82 ft/yr or 25 m/yr. 
0.001 

Groundwater flow in the basal glaciofluvial deposits overlying 

the bedrock is assumed to be the same at both Ashland/Seaway and 

Linde based on similarities of materials in both areas. Hydraulic 

conductivity was not measured in the glaciofluvial deposits. 

Geologic descriptions and results of gradation analyses (Table 3-2) 

suggest that these materials could be described as silty sand. The 

hydraulic conductivity of the glaciofluvial deposits is estimated 

to be 2.3 x 10-3 cmjs (2,400 ftjyr), using a median hydraulic 

conductivity for silty sand (Freeze and Cherry 1979). A hydraulic 

gradient of 0.0003 and an effective porosity of 13 percent 

(Section 3.5.3) were used to estimate the average linear 
groundwater velocity: 

v= 2,400 ft/yr x 0.0003 = 5 . 5 ft/yr or 1 . 7 m/yr. 
0.13 

Thus, the average linear groundwater velocity in the contact-zone 

aquifer is estimated to range from 1.7 mjyr (5.5 ft/yr) to 25 mfyr 

(82 ftjyr). 

3.7 DEMOGRAPHY AND LAND USE 

3.7.1 Demographics 

The Tonawanda site is located in the Town of Tonawanda (which 

is a different municipality from the City of Tonawanda) in northern 
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Erie county near the Niagara County border. As shown in Table 3-8, 

the Town of Tonawanda has a higher relative population density than 

the averages for Erie or Niagara counties or the state. The 

communities surrounding the Town of Tonawanda are the City of 

Tonawanda to the north, the Town of Amherst to the east, and the 

City of Buffalo to the south; the Niagara River and the Canadian 

border lie to the west. These communities also have higher 

population densities than the averages for the counties and the 

state. Therefore, the Tonawanda site is in the middle of a 

relatively urban population center. 

Based on the 1990 census, the population of the Town of 

Tonawanda was 82,464, down slightly from the 1986 estimate of 

83,800 (see Table 3-8). Population data for Erie and Niagara 

counties are available annually from 1980 to 1990; these data 

indicate the trends in population growth over the decade for this 

region. As shown in Table 3-9, the number of people living in Erie 

County has declined between 1985 and 1990, .a period during which 

the state of New York experienced growth in population at an 

average annual compound rate of 0.2 percent. 

3.7.2 Economic Background Description 

This section describes the economic factors that may be 

affected by the remediation alternatives considered for the 

Tonawanda site. Each alternative will be evaluated for its impact 

on population, housing, and employment. Population was discussed 

in Section 3.7.1: this section presents baseline information on 

housing and employment. 

The first step in providing background for the remedial action 

impact analysis is to define a region of influence for the proposed 

action. All remedial action activity take place at the Tonawanda 

site, which is located in Erie County, New York. Although the site 

itself represents a small portion of the county, the actions taking 

place at the site r:..y impact the economy of the entire county. 

Because of the proximity of Tonawanda to Niagara county, effects on 

that county are also anticipated. Erie and Niagara counties form 

an urban trade area that is designated as the Buffalo-Niagara Falls 

503_0057 (12/28/92) 3-54 



Metropolitan Statistical Area. Therefore, the region of influence 

for the economic and demographic analysis conducted for each 

alternative is the region of Erie and Niagara counties. 

Tables 3-10 and 3-11 report summary statistics on housing in 

the Town of Tonawanda and the two counties within the region of 

influence. As shown in Table 3-10, the total number of housing 

units has grown over the last decade. Table 3-11 shows that most 

of the housing units in the Town of Tonawanda are single-family 

homes (69.5 percent), followed by multi-family units (29.5 percent) 

and mobile homes (1 percent). This distribution differs from that 
at the state level_, which shows the greatest number of units in the 

multi-family category (51.1 percent), followed by single-family 

units (44.7 percent) and mobile homes (4.2 percent). The average 
household size is slightly smaller in the region of influence than 

at the state level. Vacancy rates for homeowner units in the 
region of influence were lower than rates for the state; however, 

rental vacancy rates were higher in the region than in the state. 
Vacancy rates for the Town of Tonawanda were lower than for the 

region or the state. 

Tables 3-12 through 3-14 provide background data on employment 

in the Erie-Niagara region. A total of 720,134 people were 

employed in Erie and Niagara counties in 1990. Of this total, 

626,004 were employed in the private sector, 90,265 were employed 

by governmental enterprises, and 3,865 were employed on farms. The 

distribution of employment by sector is shown in Table 3-12. The 

services sector accounted for the most employment in 1990, followed 

by manufacturing and retail trade. The greatest growth in 

employment between 1980 and 1990 occurred in the agricultural 

services sector, followed by services and construction. Table 3-13 

shows average earnings per employee by sector. The highest 

earnings were in the mining sector, followed by manufacturing, 

federal civilian employment, and transportation and public 

utilities. The greatest growth in average earnings between 1980 

and 1990 was in farming, followed by the military and state and 

local governments. 

Table 3-14 shows the number of establishments by industry 

sector in Erie and Niagara counties. The greatest number of 
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establishments is reported for services and retail trade, followed 

by construction, wholesale trade, and finance, insurance, and real 

estate. The greatest increases in number of establishments between 

1988 and 1989 were in mining (7.1 percent), farming (6.8 percent), 

and construction (6.5 percent). 
Table 3-15 shows per capita income trends for the region; 

values are presented both in dollars and in constant dollars, using 

the Consumer Price Index with a 1982 through 1984 base as the 

deflator. Per capita income increased at an average annual rate of 

6.6 percent in the Erie-Niagara region; however, the real rate of 
increase averaged only 1.9 percent per year, which is equal to the 

growth in income described by the Consumer Price Index. 

3.7.3 community Well-Being 

Because any remedial action at the Tonawanda site may affect 

the community well-being, remedial action alternatives must be 

evaluated in the context of present and past social conditions. 

Community well-being, or quality of life, as interpreted •y 

individuals in a community, is necessarily subjective. Therefore, 

any evaluation of potential impacts to community well-being must 

include public opinion and input. 

A community relations program has been developed to provide an 

opportunity for the public to learn about existing contamination at 

the site, the need for a disposal site, and remedial action options 

being considered. The program also allows citizens and public 

officials the opportunity to take part in the decision-making 

process. Some of the activities will take place at specific times 

during the process; others will be ongoing throughout the RI/FS-EIS 

process. For example, availability sessions in which the public 

can meet informally with the DOE site manager are held quarterly at 

the site. Also, after early 1993 an information office will be 

open five days a week in the Town of Tonawanda to allow public 

access to environmental information and site-specific 

documentat'~n. 
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The community relations program is detailed in the Community 

Relations Plan for the Remedial Investigation/Feasibility 

study-Environmental Impact Statement for the Tonawanda Site 

(BNI 1993d) . 

3.7.4 Access to the Properties and Adjacent Areas 

Because the properties are in an industrialized area, no 

appreciable game hunting occurs at or adjacent to the properties. 

The Linde facility buildings (i.e., property east of East Park 

Drive) are fenced, and access is controlled by entry gates. The 

Linde property west of East Park Drive is unfenced. Vehicular 

traffic on East Park Drive is controlled by entry gates at Sheridan 

and Woodward Drives. All gates are locked after operating hours. 

The Ashland 1 property is entirely fenced, and the entry gate 

at the access road remains padlocked. The entrance to the access 

road is on the Ashland Oil Refinery property at River Road. This 

entrance is controlled by an entry gate that is locked after 

operating hours. 

Ashland 2 is not entirely fenced, although the access road to 

the property is blocked by padlocked gates to prevent entry of 

vehicular traffic. The property is overgrown and has several 

onsite trails (e.g., dirt bike trails). Trespassers have been 

sighted in the past bow-hunting or driving all-terrain recreational 

vehicles. Ashland 2 is separated from Seaway by the Niagara Mohawk 

property and a chain-link fence. 

Seaway is entirely fenced, and access is controlled by an entry 

gate where trucks enter and leave the landfill. The entry gate is 

locked after operating hours. 

3.7.5 Location of Population in Relation to the Tonawanda Site 

Linde 

The population distribution within 1.6 km (1 mi) of Linde is 

shown in Figure 3-43. An estimated 18,669 people reside within 

1.6 km (1 mi) of Linde, and 2,631 live within 0.4 km (0.25 mi) 
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(FBDU 198la). Of the total living within a 1.6-km (1-mi) radius of 

Linde, 67 percent are residents of the Town of Tonawanda, 

31 percent are residents of Kenmore to the southeast, and 1 percent 

are residents of Buffalo to the south-southwest. 

Approximately 1,700 people are employed at Linde; 105 people 

work in the contaminated buildings (65 in Building 31 and 40 in 

Building 30). Building 38 has been emptied and is currently 

vacant. It is estimated that approximately 16,830 people work 

within 1.6 km (1 mi) of Linde (FBDU 1981a). 

Ashland 1, Ashland 2, and Seaway 

The Ashland properties are included in the Seaway demographics 

discussion because of the lack of data on these properties and the 

proximity of both properties to Seaway. ATI estimated 1,282 people 

live within 1.6 km (1 mi) of Seaway; none live within 0.8 km 

(0.5 mi). Figure 3-44 shows the residential population in 

16 sectors at distances of 0.4, 0.8, 1.2, and 1.6 km (0.25, 0.5, 

0.75, and 1 mi). The closest residents live at Grand Island: 

200 reside between 0.8 and 1.2 km (0.5 and 0.75 mi) of Seaway 

(FBDU 1981b). Of the total population residing within 1.6 km 

(1 mi) of the property, only 3.5 percent live in the Town of 

Tonawanda, mainly southwest of the property. Thirty-seven percent 

are Grand Island residents living in the northwest quadrant, and 

9.5 percent are residents of the Town of Tonawanda to the east of 

Seaway. Approximately 7,150 people work within 1.6 km (1 mi) of 

the Ashland and Seaway properties (FBDU 1981b). 

3.7.6 Land Use 

The four properties are located in.the Town of Tonawanda, Erie 

County, New York, in a mostly industrial area. The areas where 

they are located are zoned "Performance Standards Use" (P-S), 

according to the Town of Tonawanda zoning map. The Tonawanda Town 

Code defines the purpose of the Performance Standards Use District 

as follows: "The purpose of this district is to encourage and 

allow the most appropriate use of the land available now as well as 
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approaching future commercial and industrial uses unhampered by 
restrictive categorizing, thus extending the desirability of 

flexible zoning, subject to change with changing condition" (Town 

of Tonawanda 1989). 

Linde 

Present land use at Linde is strictly industrial. The Linde 

Gas Products Company, Incorporated, operates an industrial gas 

production facility there. Although portions of the property were 

previously owned by the Town of Tonawanda, Excelsior Steel Ball 

Company, Metropolitan Commercial Corporation, and the Pullman 

Trolley Land Company, the land was not used by any of these owners 

(FBDU 1981a). The land may have been used as farmland in the past. 

The western side of the property, where the main office building is 

located, includes a portion of the former Sheridan Park Golf 

Course, which Linde purchased from the Town of Tonawanda 
(SAIC 1992a). 

The area near Linde is used for a mixture of industrial, 

commercial, recreational, public, and residential purposes 

(Figure 3-45). A public park west of the property is owned by 

Linde; beyond the park is a residential area. The closest 

residential area is west of East Park Drive on the western boundary 

of Linde. An elementary school is located at the southern end of 

the park; beyond the school are buildings associated with the local 

recreation and highway departments. Linde is bounded on the north 

and south by other industries and small businesses, on the east by 

an open area with railroad tracks owned and operated by Conrail, 

and on the west by the former Sheridan Park Golf Course, now owned 

by Linde. The areas east and north of Linde across Military Road 

and Sheridan Drive, respectively, are also residential. The 

Kenmore Sister of Mercy Hospital is approximately 0.8 km (0.5 mi) 

from Linde. In summary, there are six schools, a hospital, two 

recreational areas, two community buildings, and a senior citizens 

center within 1.6 km (1 mi) of Linde (SAIC 1992a). 
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Ashland 1, Ashland 2, and seaway 

The Ashland and Seaway properties are located in an industrial 

area along River Road. Ashland 1 is part of the former Ashland Oil 

Refinery; it is not used by Ashland Oil Company except for 

temporary storage of drums containing unknown wastes. The adjacent 

refinery is inactive except for present dismantling of refinery 

equipment (SAIC 1992a). 

Seaway is an operating sanitary landfill for the disposal of 

municipal, industrial, and construction solid wastes. Hazardous 

wastes, liquids, sewage sludges, insecticides, whole tires, trees, 

and explosives are excluded from disposal at the seaway landfill 

(FBDU 1981b). The property has been used to dispose of waste since 

1930. 

Ashland 2 is an open area not currently used for any purpose. 

Past uses include an industrial landfill utilized by the Ashland 

Oil Company, Linde residue disposal, and petroleum storage in a 

bermed tank formerly located in the southwestern corner of the 

property. 

The area in the vicinity of the Ashland and Seaway properties 

is used for a mixture of industrial, commercial, public, and 

residential purposes (FBDU 1981b) (Figure 3-46). Open brushland 

northeast of the properties is posted as being for sale for 

commercial purposes. However, the property contains potential 

wetlands, which would limit its use. A waterfront park runs along 

the Niagara River within 0.4 km (0.25 mi) of the properties, and 

marinajboat launching areas are within 1.2 km (0.75 mi). The only 

nearby residential area is at the border of the Town of Tonawanda 

approximately o.a km (0.5 mi) east of Ashland 2. Homes are 

situated along the eastern side of Twomile creek, east of Twomile 

Creek Road. Only one residence was sighted on the western side of 

Twomile Creek Road, where a small public park is also located. The 

Town of Tonawanda Sewage Treatment Plant is on Twomile creek Road 

within 1.6 km (1 mi) of the properties. Homes are also located 

across the Niagara River on Grand Island within 1.2 km (0.75 mi} of 

the Ashland and Seaway properties (SAIC 1992a). 
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Future land use in the area of the Seaway and Ashland 

properties will likely remain commercial/industrial based on the 

present zoning. Some vacant property that is not considered 

wetlands may be developed in the future. 

3.7.7 Archeological, Cultural, and Historical Resources 

A review of the New York state records on archeological, 

cultural, and historical resources indicates that none of these 

resources is close to the Tonawanda site. Specifically, State 

Historic Preservation Office {SHPO) records do not indicate any 

known archeological sites within a mile of the site. In addition, 

SHPO records indicate that activities at the site will have no 

effect on resources in or eligible for inclusion in the National 

Register of Historic Places (BNI 1992c). 

3.7.8 Location and Use of surface Waters 

Sheridan Park Lake is immediately downstream of Linde along 

Twomile Creek. Twomile Creek flows northward approximately 3.2 km 

{2 mi) from Sheridan Park Lake, collects drainage from Ashland 1 

and Ashland 2 via Rattlesnake Creek, and empties into the Niagara 

River; the Niagara River flows northward into Lake Ontario. The 

Town of Tonawanda obtains its water supply from the Niagara River. 

A treatment plant at the water supply intake [approximately 5.4 km 

(3.4 mi) upstream of the confluence of Twomile Creek and the 

Niagara River] provides chlorination, clarification, and rapid sand 

filtration {Greeley and Hansen 1970). 

Significant fishery resources in the Tonawanda area include 

the Great Lakes, the Niagara River, and numerous streams, inland 

lakes, and ponds. NYSDEC conducts extensive fish stocking in 

Erie County as part of its resource management program. 

3.7.9 Local Use of Groundwater as Drinking water 

The Camillus Shale is the most productive bedrock aquifer in 

the region, but it also contains the poorest quality water 
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(LaSala 1968). In the Linde area, water drawn from wells 

completed in the Camillus Shale typically has contents of total 

dissolved solids ranging from 2,000 to 6,000 mgjL; sulfate from 

1,000 to 1,500 mg/L; and chloride from 1,500 to 2,000 mg/L 

(LaSala 1968). These h~gh levels of total dissolved solids and 

salinity preclude use of this water for drinking purposes without 

extensive, costly treatment. Therefore, groundwater is restricted 

to industrial and residential uses that can tolerate the high 

salinity and total dissolved solids (LaSala 1968). 

In 1989 a well canvass was conducted in the Tonawanda area 

surrounding the Linde and Ashland properties. Tables 3-16 and 3-17 

present the coordinates of wells within a 4.8-km (3-mi) radius of 

Linde and the Ashland/Seaway properties, respectively. Figure 3-47 

shows locations of the wells within 1.6- and 4.8-km (1- and 3-mi) 

radiuses of these properties. 

The city of Tonawanda Water Department, New York State Health 

Department, NYSDEC, Erie county Department of Health, and Buffalo 

Water Department were contacted to gather information regarding 

water well usage. These agencies had no records of private wells 

within a 4.8-km (3-mi) radius of the Tonawanda properties 

(BNI 1989b). Local water well drillers agreed with the state and 

local agencies but did not rule out the possibility that shallow 

wells were used for gardens in older neighborhoods. Residential 

areas in the immediate vicinity were canvassed with negative 

results. The information on wells used for cooling was provided by 

the larger industries in the area (BNI 1989b). 

3.8 ECOLOGICAL CHARACTERIZATION 

Radioactive and chemical contamination may impact onsite and 

offsite habitats and wildlife. An ecological characterization of 

the habitats and biological resources at the Tonawanda site will 

allow a future assessment of the potential exposure pathways and 

risk posed by the site contaminants to the resident and migratory 

fish and wildlife using the habitats. 

Identification of contaminants in the environmental media 

(i.e., soils, sediments, and surface water) potentially impacting 
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the biological resources will be performed in the baseline risk 

assessment for the Tonawanda site. Biological resources, detailed 

in this section, were identified using information provided by 

NYSDEC and the Buffalo Museum of Science. 
This section also identifies and proposes the use of indicator 

species to assess the general condition of the ecological community 

by measuring the condition of selected species (or categories of 

species) that play critical roles in the uptake and transfer of 

contaminants (e.g., sediment and soil inhabitants) in the food 

chain. 

3.8.1 Habitat Description 

Wildlife habitat onsite ranges from the productive, emergent 

hydrophytic vegetation of wetlands to sparse, opportunistic 

herbaceous growth with naturalized exotic tree species 

characteristic of urban vacant lots. Locally unique riparian and 

palustrine habitat is present offsite in the floodplain of 

Rattlesnake and Twomile creeks. Offsite aquatic habitat includes a 

shallow pond, two small creeks, and a freshwater estuary. 

soils 

The Tonawanda region is located in the Eastern Lake section of 

the Central Lowland physiographic province. The characteristic 

landscape of this section consists of dissected and glaciated 

lowlands and escarpments. The natural vegetation consists of 

elm-red maple-northern hardwoods, with beech, white ash, basswood, 

sugar maple, hickory, hemlock, and tulip tree predominating on 

well-drained sites. Under the influence of the native deciduous 

forests, moist mineral soils with high base saturation and .an 

illuvial clay horizon (alfisols) were formed. Soils of the area 

are formed in clayey lake-laid sediments. The soils are shallow 

and typically saturated by a seasonal high water table. 

In the drainageways of the Twomile and Rattlesnake creeks 

floodplain, the recently formed alluvial soils (entisols) are 

mapped as the poorly drained Wayland series classified as 
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fine-silty, mixed, nonacid, mesic Mollie Fluvaquents. In the lower 

part of the broad floo=plain and on either ~~de of the dissected 

drainageways, the soils are mapped as the well-drained Cayuga soil 

series and classified as fine, illitic, mesic Glossoboric 

Hapludalfs. In the upper part of the floodplain, the soils that 

lie on the convex shoulder slopes and sides of the dissected 

drainageways are mapped as the Schoharie series and classified as 

fine, illitic, mesic Typic Hapludalfs. Between the streams and 

intermittent drainageways, the somewhat poorly drained Odessa soils 

were formed in the bottom of former glacial lakes. The Odessa 

soils are classified as fine, illitic, mesic Aerie Ochraqualfs. 

The permeability of the subsurface in the wayland and cayuga soils 

is low [0.15 to 0.5 cmjh (0.06 to 0.2 in./h)]. Formed from the 

same clay-rich glacial deposits, the Odessa and Schoharie subsoils 

have a high clay content ranging from. 35 to 60 percent. In the 

spring, the.Schoharie {March through May) and Cayuga (April through 

May) soils have a perched seasonal high water table in the lower 

part of the subsoil for brief periods. The Odessa soils have a 

perched water table in the upper part of the subsoil from December 

through May, and the Wayland soil series usually has a high water 

table at or near the surface from November through June {SCS 1986). 

At Linde the soils are mapped as Urban land with the Schoharie 

soil series on the western half of the property and the Odessa soil 

series on the east. The offsite wet area in the northeastern 

corner of the Linde property appears to be a remnant of the Odessa 

soils, as do the northwestern and southwestern corners of 

Ashland 2. The western half of Linde is underlain by the 

moderately well-drained Schoharie soils. Much of Ashland 2 is 

underlain by the clayey Cayuga soil series. 

Terrestrial Floral Community 

Linde. The vegetation at Linde is dominated by clipped grasses 

and shaded by species that include eastern cottonwood, American 

sycamore, white ash, northern red oak, and shagbark hickory. 

Because the Linde facility and the surrounding area are part of an 

industrial complex, natural plant succession and original habitat 
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have been disrupted or destroyed: years of continuous industrial 

activity have left only marginal plant communities (FBDU 1981a). 

Ashland 1. Approximately one-third of the Ashland 1 property 

is covered with tall grass and large bushes. Emergent vegetation 

is prolific in the drainageway that receives surface water runoff 

and the water pumped from the bermed area. The industrial activity 

conducted on the rest of the property eliminated or substantially 

altered the natural habitat: vegetation is sparse, and indigenous 

shrubs and grasses are the primary flora found. 

Ashland 2. Ashland 2 is vegetated with a mixture of grasses, 
forbs, thick bushes, and small trees. The terrestrial flora varies 

from areas with essentially no vegetation to areas with fairly 

dense stands of woody shrubs and trees. 

Seaway. Sparse vegetation with indigenous shrubs and grasses 

is the only floral growth on the property because of the activities 

associated with the landfill operation. New York State regulations 

on closure and post-closure of solid waste management facilities 

require seeding with native grasses to prevent erosion and promote 

evapotranspiration. 

wetland Floral community 

The undeveloped floodplain of Twomile and Rattlesnake creeks, 

as well as most of the five drainageways at Ashland 2, are 

potential jurisdictional wetlands and are protected up to 30 m 

(100 ft) from the upland boundary by state law. The immediate 

floodplain is underlain by the soil series Wayland silt loam, which 

is listed as a New York State hydric soil (SCS 1989). During a 

1976 wetland determination, three distinct plant communities were 

identified in the Twomile Creek floodplain (NYSDEC 1992a). These 

included wooded wetland, emergent vegetation, and wet meadow 

vegetation. These communities are listed in Table 3-18. Those 

species listed in Section 24-0107 of the New York State Freshwater 

Wetlands Act are indicated as listed. The wetland determination 

recommended the 6.8-ha (17-acre) floodplain of Twomile and 

Rattlesnake creeks for protective status under the New York State 

Freshwater Wetlands Act, but an uncontested fill in Rattlesnake 
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Creek severed the wetland into two parts, each less than the 5-ha 

(12.4-acre) minimum required for state jurisdiction. Although the 

size minimum was not met, the rarity of wetlands within the Town of 

Tonawanda may designate the Twomile and Rattlesnake creeks 

floodplains protective status as a New York State Class 2 wetlands 

[6 NYCRR 664.6(e) (1) or (3)]. A wetland delineation will be 

conducted before remediation begins. 

3.8.2 Biological Resource Description 

Listed and Proposed Endangered, Threatened, and Protected species 

Table 3-19 presents the federally listed and proposed 

endangered and threatened species for the state of New York. The 

bald eagle (Haliaetus leucocephalus), osprey (Pandion halietus), 

and peregrine falpon (Falco peregrinus) are the only federally 

listed species that may occur in the Tonawanda area (Gill 1989). 

However, they may occur in the Tonawanda area only as occasional 

transients (Gill 1989); there are no habitats critical for their 

survival in the vicinity (DeGraaf and Rudis 1988, FBDU 1981b). 

New York State protected and threatened breeding birds are 

identified and footnoted in Table 3-20 (SAIC 1992b). 

Terrestrial Biota of the Twomile and Rattlesnake creek Watershed 

The upland ¥ ._ldlife of the Twomile and Rattlesnake creeks 

watershed consists of species that are associated with rev~rting 

farmland and would include white-tailed deer, cottontail rabbits, 

raccoon, skunk, opossum, woodcock, and various songbirds. 

Table 3-20 lists information on the breeding bird population in 

areas north and south of the Twomile Creek watershed. The table 

also presents habitat and major food items (DeGraaf and 

Rudis 1988). Species of special concern in the state include the 

common nighthawk and the threatened northern harrier (Table 3-20) 

(NYSDEC 1992b). The prey of the threatened northern harrier (and 

other birds of prey including the red-tailed hawk and the American 

kestrel) consist of small mammals that inhabit the soil and are 
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exposed to contaminants in the soil. Reptiles and amphibians known 
to occur in the region include salamanders, toads, frogs, and 
turtles. The species and habitat requirements are presented in 

Table 3-21. 
The lower portion of Twomile Creek is a small estuary of the 

upper Niagara River. The Twomile Creek estuary has local 
importance because other bays and streams along the Niagara have 
been filled and disturbed extensively. The upper Niagara River is 

an important winter habitat for ducks including greater scaup 
(Aythya marila), canvasback(~ valisineria), common merganser 
(Mergus merganser), red-breasted merganser (M. serrator), old squaw 
(Clangula hyemalis), and common goldeneye (Bucephala clangula). 
Severe winter ice conditions in the Great Lakes force waterfowl to 
congregate in the upper Niagara River, where thermal pollution 
causes open water and industrial operations and hazardous waste 
sites have degraded the ability of the river and backwaters to 
produce food and cover for the waterfowl (Great Lakes Basin 
Commission 1975). 

In the NYSDEC Twomile creek wetland determination of August 2, 
1976, observations of wildlife were recorded. The wetland provides 
habitat for muskrat (Ondatra fibethicus), red-winged blackbird, 
ring-necked pheasant, mallard, raccoon (Procyon lotor), mink 
(Mustela vison), and killdeer. Good brooding cover for wood 
(Aix sponsa) is provided in the area by flooded dead trees. 

duck 
The 

wetland was found to provide habitat for wetland wildlife in an 
urban setting and to provide recreation through fishing, hiking, 
wildlife observation, and photography because of its proximity to 
Twomile Creek Park. The wetland functions may also include flood 
and storm control, pollution treatment of runoff from industrial 
areas, and erosion control. 

Aquatic Biota of Twomile and Rattlesnake creeks 

Although no onsite aquatic biota surveys have been performed 

for either Twomile or Rattlesnake Creek, information on adjacent 
similar streams will indicate the diversity of species expected to 

occur. An onsite investigation of a pollution situation at 
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Rattlesnake creek in 1974 by the NYSDEC Avon Pollution 

Investigation Unit found ammonia concentrations in stream samples 

to be lethal to blacknose dace in laboratory static bioassay 

(Cooper 1974). The source of the contamination appeared to be 

leachate from the Seaway landfill. 
Invertebrates. Benthic macroinvertebrates are organisms that 

are large enough to be seen with the naked eye (macro-) and that 

live on or in the substrate (benthic) of flowing and nonflowing 

bodies of water. With limited mobility and short life spans, the 

composition and structure of the benthic community reflect water 

quality changes and are useful in assessing the impact of 

environmental perturbations. In the absence of site-specific 

surveys for Twomile and Rattlesnake creeks, species typical of 

riffle and non-riffle areas of streams are identified in 

Table 3-22. The benthic inventory is summarized based on 

information for the moderately impacted Ransom Creek, near Clarence 

Center in Erie County (NYSDEC 1992c). The taxonomic groups 

expected to occur onsite are Chironomidae (midges), Coleoptera 

(beetles), Trichoptera (caddisflies), Ephemeroptera (mayflies), 

Plecoptera (stoneflies), Isopoda (aquatic sow bugs), 

Platyhelminthes (flatworms), and Oligochaetes (segmented round 

worms). The tabulated species are also described according to 

their sensitivity to poor water quality as tolerant of poor water 

quality (tolerant), occurring over a wide range of water quality 

(facultative), and not tolerant (intolerant). Chironomids are 

expected to be one of the most abundant groups, especially in 

impacted streams. Stoneflies (Plecoptera), mayflies 

(Ephemeroptera), and caddisflies (Trichoptera) are indicative of 

moderately clean to unpolluted conditions. Mayflies are a group of 

insects that is sensitive to heavy metal pollution, while 

chironomidae are the most tolerant. Caddisflies can tolerate 

moderate amounts of metal pollution (Wiederholm 1984). Stoneflies 

appear to be moderately tolerant of metals and siltation, but less 

tolerant of nutrient enrichment from sewage disposal. Some 

mayflies (e.g., family Baetidae) are moderately tolerant·of 

siltation and nutrient enrichment, but not of metals, and some 

caddisflies (such as members of the family Hydropsychidae) are 
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moderately tolerant of siltation, elevated metals, and nutrient 

enrichment (Winner, Boesel, and Farrell 1980; Wiederholm 1984; 

Hilsenhoff 1987). Thus, a change in the community composition of 

benthic macroinvertebrates will indicate changes in the water 

quality along the length of the stream. 

Change in the benthic invertebrate community generally 

increases with increasing stream size. Thus, for a stream the size 

of Twomile and Rattlesnake creeks, which are both first-order 

. creeks, an increase in species richness and diversity would be 

expected over its entire length. Species richness (the number of 

different species found in each sample) varied from 13 to 21 in a 

typical moderately impacted creek. The presence of different 

substrate types in the stream (mud, muck, or gravel) increases the 

number and types of .invertebrates. The benthic communities of 

Cayuga and Bergholtz Creeks in the Niagara Falls vicinity are more 

typical of slower moving streams without riffles and with mud or 

gravel bottoms. The predominant invertebrates are crayfish, 

odonates (dragonflies), snails, and Belostoma (Hemiptera). 

Fish. At the headwaters of Twomile Creek, the Town of 

Tonawanda owns Sheridan Park Lake. The lake is surrounded mostly 

by a golf course, but parts are available for fishing. The small 

shallow pond is approximately 1.2 ha (3 acres) in size and has a 

depth of 0.75 to 1.5 m (2.5 to 5 ft), with a light brown color and 

a mucky bottom. According to a 1980 survey (NYSDEC 1992d), it is 

stocked by panfish transferred from Chautaqua Lake, and the pond is 

fished by the local population. A 45.8-m (150-ft) experimental 

gill net with several mesh sizes used to fish for 24 h collected 

fish species including goldfish (Carassius auratus), goldfish X 

carp (~yprinus carpio) hybrid, brown bullhead (Ictalurus 

nebulosus), black crappie (Pomoxis nigromaculatus), rock bass 

(Ambloplites rupestris), and yellow perch (Perea flavescens). 

There is no information on the fishery resources of Twomile or 

Rattlesnake creek. 
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Unusual Vegetative ~ommunities and sensitive species 

According to the Buffalo Museum of Science (Bechtel 

Environmental 1992), a unique community of swamp oak woods may 

exist offsite in the Twomile Creek watershed. Unlike the Perched 

swamp-White Oak swamp association described in the New York Natural 

Heritage Program (Reschke 1990), this unique broad assemblage of 

trees may not be dominated by any one species of oaks. In addition 

to the swamp oak assemblage, careful attention should be given to 

the possible occurrence of a midwestern species of hickory, the big 

shell-bark hickory (Carya laciniosa), which has been reported in 

only one location on Miller's Creek near the Town of Fort Erie on 

Grand Island (Zenkert and Zander 1975). Rare plants that may occur 

on or near Twomile and Rattlesnake creeks include the stiff-leaved 

goldenrod (Solidago rigida) and calamint (Calamintha arkansana) 

(NYSDEC 1992e). 

The blue-spotted salamander (Ambystoma laterale), a species of 

special concern, is reportedly found in a small wetland near the 

Twomile Creek watershed (NYSDEC 1992a). An onsite survey for 

unusual and rare species is scheduled for the site. 

Upstream of the Tonawanda site, Strawberry Island-Motor Island 

Shallows is protected as a significant coastal fish and wildlife 

habitat on the Niagara River. The area is used by one of the 

largest concentrations of wintering waterfowl in the northeastern 

United States and is also a major muskellunge spawning area in the 

Great Lakes region. Most spawning by this species occurs during 

May and June. From November through March, the area is occupied by 

diving.ducks including common and red-breasted mergansers, common 

goldeneye, canvasbacks, and scaup and fewer black duck, mallard, 

bufflehead, and old squaw. Concentrations of waterfowl also occur 

in the area during the spring and fall migrations (March through 

April and October through November, respectively). This is one of 

the most popular waterfowl hunting areas in the Buffalo area 

(especially for diving ducks during the late season) and is one of 

the most popular recreational fishing areas in the Upper Niagara 

River for smallmouth bass and yellow perch. 
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3.8.3 Potential Hazard Indicator Species 

Because soil contamination is the major source of concern at 

Tonawanda, animals at risk include small mammals (e.g., mice, rats, 
voles, shrews, and moles) that inhabit the soil and prey on soil

dwelling invertebrates and animals (e.g., racoons) that coexist in 

urban areas and feed on aquatic fauna. Small insectivorous and 

carnivorous mammals that inhabit the soil can serve as indicators 

of the presence and bioavailability of chemical contaminants 

(Talmage and Walton 1990). Selected species can be used to measure 

bioaccumulation. Table 3-23 presents species and common names of 

small mammals that are potentially useful in terrestrial 

biomonitoring studies and are endemic to western New York. The 

heavy soil texture and the presumed absence of leaf litter onsite 

may preclude the use of shrews and moles. Mice and rats, although 

they are granivorous (seed-eaters), are exposed to soil 
contamination by ingestion of soil during grooming. currently, 

researchers in Oklahoma are using the cotton rat as an indicator of 

environmental uptake of soil contaminants at a hazardous waste 

site. At the Love canal hazardous waste site in Niagara Falls, 
population and pathological conditions of meadow voles were chosen 

to determine offsite chemical migration and the· effect of soil 

contamination (Rowley et al. 1983). Raccoons (Bigler et al. 1975) 

and turtles (Meyers-Schone and Walton 1990) qualify as 

environmental sentinels of aquatic contamination because they 

normally feed on aquatic fauna and flora that tend to act as 

biomagnifiers of water-borne or sediment-bound pollutants. 

3.8.4 summary 

Offsite habitats of the Twomile and Rattlesnake creeks 

watershed represent a locally unique ecological resource because of 

their accessibility to the public at Twomile Creek Park, Isle View 

Park, and Sheridan Lake Park; their rarity in the intensively 

developed area; and their proximity to a major waterfowl wintering 

area. Onsite habitats, except for potential wetlands on Ashland 2, 

probably do not represent a valuable biological resource but 
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provide a possible exposure pathway to pr~dators of onsite small 

mammals, fish, crustaceans, and aquatic insects. Transport of 

onsite contamination could result in exposure of wildlife 

inhabiting and utilizing Sheridan Park Lake and biota in 

Rattlesnake Creek. Twomile Creek receives water, sediment, and 

possible contamination from Rattlesnake Creek and Sheridan Park 

Lake. vegetated drainageways at Linde and Ashland 1 and wetlands 

at Ashland 2 may present a potential toxicity hazard and exposure 

pathway to resident and migrating wildlife using those habitats. 
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Figure 3-13 

Note: The vertical line pattern represents 
unconformities -places where no rock record 
exists for that span of time. The record is missing 
because rock was removed by erosion before 
the deposition of the next unit, or because no 
deposition occurred during that time. 

The vertical axis of this pattern represents 
time, not thickness. The scale along this axis is 
only approximate. 

Akron - dolomite 

Bertie - dolomite 

Camillus- shale 

Syracuse- shale, dolomite, 
salt*, and anhydrite** 

Vernon- shale, 
salt* and anhydrite** 

• Major deposits are to the 
south and east of the Tonawanda area . 

•• Anhydrite is calcium sulphate 
(CaS04) that turns into gypsum 
(CaS04 • H20) when exposed to water. 

Generalized Bedrock Stratigraphic Units at or Near Land Surface Throughout 
Parts of the Erie-Ontario Lowland. ~nd Adjoining Allegheny Plateau 
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Figure 3-14 
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Geologic 
Unit 

Topsoil* 

Till? 

Varved 
lacustrine 

clay 

Glaciolacustrine 
clay, silt, 
and silty/ 

clayey sand 

Shales of 
Salina Group 

Thickness 
(ft) 

0-1 --

20-40 

3-20 

20-45 

+ 200 

Lithology Description 
Moderate brown silty clay or clayey silt, organic 

- - (with roots); desiccation cracks. -...;, _________ _ 

Massive, unsorted, compact moderate-brown 
and pale-brown sandy and gravelly clay. 

Distinctly bedded brownish-gray and 
grayish-red clay and silt with some fine sand 
laminae in places. Beds are 1 mm to 5 em 
(0.04 to 2 in.) thick. 

Brownish-gray till or till-like clay; and 
brownish-gray and gray clay and silty clay with 
some sand and gravel. Three holes show 
relatively thick sections of silty/clayey sand. 

Olive to yellowish-brown well-sorted sand; 
poorly sorted gravelly sand; silty and clayey 
gravelly sand; and sandy/gravelly clay. 

Gray shale and mudstone with abundant 
gypsum in thin layers and irregular masses; 
and some dolomite. In part extensively 
fractured, with some vertical and high
angle joints. Locally weathered; contains 
solution features. 

* Fill material consisting of gravel, clay, brick fragments, and slag up to 8-ft thick exists at Ashland 1. 
Approximately 2 ft of organic-rich clay and silt allwium likely underlies surface drainages. 

Figure 3-17 
Geologic Column for the Tonawanda Site 
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Figure 3-19 
Regional Seismicity Map of the Tonawanda Site Area Through 1984 
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TABLES FOR SECTION 3.0 





Map Symbol" 

CFB 

CFC 

Wd 

CeA 

CoA 

Oe 

Uc 

8See Figure 3-5. 

Soil Series, Texture, Phase 

Cayuga silt loam, 
3-8% slopes 

Cayuga silt loam, 
8-15% slopes 

Wayland silt loam 

Castille gravelly loam, 
0-3% slopes 

Churchville silt loam, 0-3% 
slopes 

Odessa-Lakemont silt loam 

Udorthents, smoothed 

.-

Drainage Oassb 

WD-MWD 

WD-MWD 

PD-VPD 
(permeability 

:!:6 in./h) 

MWD 

SPD 

SPD-PD 
(permeability 

:!:6 in./h) 

ED-MWD 

Table 3-1 

Sotl Survey Information Used to Delineate Wetland Extent at 

Ashland 2 and Linde 

Water Table Depth 
Requirement 

:!:15ft 

:!:05 ft 

:!:05-15 ft 

Flooding 

None 

None 

None 

None 

None 

High Water Table 

15-3.0 ft, perched, Apr
May 

15-3.0 ft, perched, Apr
May 

+ 05-05 ft, apparent, 
Nov-Jun 

15-2.0 ft, 
apparent, Mar-May 

05-15 ft, perched, 
Dec-May 

0-15 ft, 
perched-apparent, 

Dec-Jun 

Potential for 
Wetland Plantsc 

Poor 

Very Poor 

Good 

Poor 

Fair 

Fair-Good 

bwD - well drained; MWD - moderately well drained; SPD - somewhat poorly drained; PD - poorly drained; ED - excessively drained; VPD - very poorly drained. 

"Scale of very poor, poor, fair, good. 

Hydric Soil 

Listed (aquic suborder) 

Potential hydric 
inclusions ( aquic 

suborder) 

Potential hydric 
inclusions (aquic 

suborder) 



Table 3-2 

Physical Properties of Soil at Ashland 1 and Ashland 2 

Centrifuge 
Gradation {%} 

{lblft3 ) 
Water Moisture 

Silty Unit Weight Specific Content Equivalent Void Saturation 
Unit Gravel sand Clay Wet Dry Gravity (%) (%) Ratio (%) 

Till 

;ca 2 16 82 135.8 115.4 2.70 20.5 26.8 0.480 100 
Min 0 4 51 123.9 97.4 2.60 15.6 6.2 0.327 100 
Mgx 5 43 96 148.0 129.2 2. 77 32.1 41.2 0. 730 100 
n 18 18 18 14 17 18 11 13 11 2 

Varved lacustrine clay 

X 4 12 84 131.2 96.7 2.69 27.8 0.772 97.1 
w Min 0 3 53 130.6 86.1 2.62 24.1 0.615 92.1 I 
1-' Max 14 34 97 131.8 105.1 2.75 33.0 0.979 100 
w n 5 5 5 2 5 7 7 3 3 0 

Glaciolacustrine clay 

X 3 18 79 136.0 108.0 2.72 22 25 0.622 96 
Min 0 2 43 117.4 . 81.4 2.65 8.8 2.4 0.322 85.5 
Max 17 57 98 148.7 130.3 2.77 43.6 50.0 0.994 100 
n 21 21 21 12 13 18 12 9 9 4 

Glaciofluvial deposits 

X 22 50 28 150.3 134.1 2.77 16.9 15.8 0.294 
Min 5.5 28 4 139.7 122.6 2.67 13.9 9.8 0.179 
Max 69 78 63 156.3 147.7 2.84 19.9 22.9 0.440 
n 7 7 7 4 5 7 2 5 5 

a-
X = Mean. 

bn = Number of determinations. 



Table 3-3 

Laboratory Determination of Vertical Hydraulic 

Conductivity of Clays at Ashland 2 

Depth Below 
Boring 
Numb era 

Ground Hydraulic Conducti vi tyb 
(ft) (cmjs) (ftjyr) 

B55G24 33 - 35 9.4 X 10-9 

B55W30 8 - 10 1.2 X 10-8 

18 - 20 2.2 X 10-8 

-33 - 35 1.9 X 10-8 

38 - 40 1.4 X 10-8 

48 - 50 2.1 X 10-8 

B55G30 10 - 12 6.5 X 10-8 

B55W31S 24 - 26 7.2 X 10-8 

B55G41 22.5 - 24.5 3.0 X 10-8 

B55G45 32 - 34 2.2 X 10-8 

Geometric mean 2.3 X 10-8 

Maximum 7.2 X 10-8 

Minimum 9.4 X 10-9 

8 Sampling locations are shown in Figure 3-20. 

bHydraulic conductivity was measured using a triaxial cell 
permeameter. 
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0.010 

0.012 
0.023 
0.020 
0.014 
0.022 

0.067 

0.075 

0.031 

0.023 

0.024 
0.075 
0.010 



Table 3-4 

soil Porosity Estimates for Ashland 2 south 

Page 1 of 2 

Sample Total Specific Specific 
Boring Depth Porosityb Retentionc Yieldd 
Numb era (ft) (%) (%) (%) 

Topsoil 

B55G25 3 - 4.5 31 34 <1 

Till 

B55G16 10 - 12 30 19 11 
B55W17 4 - 6 31 21 10 
B55W19 4 - 6 37 33 4 
B55G20 4 - 6 32 22 10 
B55G22 10 - 12 25 30 <1 
B55G24 23 - 25 32 31 1 
B55G26 10 - 12 32 26 6 
B55G26 15 - 17 32 27 5 
B55W27 9 - 11 30 31 <1 
B55G47 24.3 - 26.3 42 
B55G49 17 - 18 31 

Mean 32 27 7 
Range 25 - 42 19 - 23 <1 - 11 

Varved lacustrine clay 

B55G47 32.5 - 34.3 42 
B55G47 36.5 - 38.7 38 

Mean 40 
Range 38 - 42 

B55G16 30 - 32 33 18 15 
B55W17 68 - 70.9 31 . 18 13 
B55W19 40 - 42 39 28 11 
B55G20 80 - 82 50 40 10 
B55G22 38 - 40 32 37 <1 
B55G25 71 - 73 24 22 2 
B55G47 44.2 - 46.4 40 
B55G48 24.1 - 26.3 50 
B55G48 37.5 - 39.6 42 
B55G48 42.0 - 44.2 46 

Mean 39 27 10 
Range 24 - 50 18 - 40 <1 - 15 
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Table 3-4 

(continued) 

Page 2 of 2 

Sample Total Specific 
Boring Depth Porosityb Retentionc 
Numb era (ft) (%) (%) 

Glaciofluvial deposits 

B55W17 78 - 80 28 10 
B55W19 70 - 72 15 16 
B55G20 89.5 - 90.7 18 21 
B55G22 85 - 86.9 31 10 
B55W27 69 - 71 19 18 

Mean 22 15 
Range 15 - 31 10 - 21 

8 Sampling locations are shown in Figure 3-20. 

bTotal porosity = Void ratio [Void ratios from 
l + Void ratio Appendix C] 

Specific 
Yieldd 

(%) 

18 
<1 
<1 
21 

1 

13 
<1 - 21 

cspecific retention ~ centrifuge moisture equivalent (CME) x a, 
where: a = 1.0 for CME <18% 

= 0.9 for CME 18-25% 
= 0.8 for CME >25% 

(CMEs from Appendix C) 

dspecific yield~ (total porosity- specific retention). Where 
specific retention is greater than total porosity, specific yield 
is reported as <1. 
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Table 3-5 

soil Geochemical Data for Ashland 1 

and Ashland 2 south 

Boring 
Number 

Till 

B03W01S 
B03W02D 
B03W03D 
B55G16 
B55W19 
B55G22 
B55W27 
B55W32S 
B55G46 
B55G46 
B55G46 
B55G46 
B55G49 
B55G49 
B55G49 
B55G49 
B55G49 

Depth Below 
Ground 

(ft) 

10 - 12 
14 - 16 
14.5 - 16.5 
10 - 12 

4 6 
10 - 12 

9 - 11 
16 - 17 

0 2 
2 4 
6 8 

18 - 20 
0 2 
2 4 

17 - 18 
18 - 19 
22 - 24 
Geometric mean 

range 

varved lacustrine clay 

B55G46 30 - 32 
B55G49 30 - 31 
B55G46 32 - 34 
B55W32S 35 - 36 

Geometric mean 
range 

Glaciolacustrine clay 

B55G16 30 - 32 
B55G46 38 - 40 
B55G24 43 - 45 
B55G49 43 - 44 

Geometric mean 
range 

Uranium 
Distribution Ratio 

(ml/g) 

19.8 
29.3 

9.16 
10.60 
10.30 
11.84 
26.8 

8.50 
5.30 

9.50 
9. 33. 

12 
5.3.0 - 29.3 

8.90 

11.05 
9.79 

12.08 
8.12 

10 
8.12 - 12.08 

asampling locations are shown in Figure 3-20. 
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Table 3-6 

Monitoring Well Completion Data 

for Ashland 1, Ashland 2, and Linde 

Ground Bottom Screened Bottom Top of 
Well Elevation of Seal Interval of Hole Bedrock System 
Number• (ft MSL)b (ft MSL) (ft MSL) (ft MSL) (ft MSL) Monitored 

Ashland 1 and 2 

B03W01S 589.76 578.3 573.4 - 568.8 552.8 NA0 Shallow 

B03W02D 595.29 NMd 510.3 - 505.7 504.2 518.2 Contact zone 

B03W03D 599.70 NM 532.6 - 528.0 528.2 540.2 Contact zone 

B03W04S 600.14 NM 570.9 - 566.3 560.1 NA Shallow 

B32W02D 596.72 NM 495.8 - 491.3 490.0 501.9 Contact zone 

B32W03S 595.91 NM 566.8 - 562.2 560.9 NA Shallow 

B5SW17D 594.12 515.1 513.5 - 508.5 504.1 514.1 Contact zone 

B55W19D 590.02 523.4 518.2 - 513.2 508.1 517.5 Contact zone 

B5SW23D 596.65 518.7 510.9 - 505.9 503.6 511.2 Contact zone 

B55W27D 604.37 534.0 525.0 - 520.0 518.4 528.6 Contact zone 

B55W28D 602.33 518.1 513.5 - 508.5 507.0 516.3 Contact zone 

B5SW30S 603.90 585.5 584.0 - 574.0 548.9 NA Shallow 

B5SW31S 584.84 541.2 539.2 - 534.6 541.2 NA Shallow 

B55W32M 594.02 544.1 529.5 - 524.9 522.0 NA Intermediate 

B55W33M 597.90 554.4 523.7- 519.1 515.9 NA Intermediate 

B55W34D 598.12 506.4 504.4 - 499.8 498.6 509.5 Contact zone 

B55W35S 601.44 576.4 562.0 - 557.4 556.4 NA Shallow 

B55W36D 601.11 512.7 510.1 - 505.5 504.8 515.3 Contact zone 

B55W37M 602.08 533.1 530.4 - 525.8 525.1 NA Intermediate 

B55W38D 603.41 513.0 511.6 - 507.0 505.2 522.9 Contact zone 

B55W39S 601.41 578.4 563.3 - 558.7 554.4 NA Shallow 

Linde 

B29W01D 600.40 521.3 514.5 - 504.5 450.1 510.1 Contact zone 

B29W03D 601.20 524.5 517.2 - 507.2 447.7 518.9 Contact zone 

B29W05D 599.90 516.2 511.0 - 501.0 445.7 514.2 Contact zone 

B29W07D 601.90 513.9 500.5 - 490.5 456.8 505.8 Contact zone 

B29W09D 603.30 511.9 509.9 - 499.9 453.9 507.8 Contact zone 

B29W10D 600.80 516.5 514.2 - 504.2 445.4 514.4 Contact zone 

B29W11D 603.50 518.7 516.0 - 506.0 454.8 507.8 Contact zone 

B29W13D 603.30 516.3 512.3 - 502.3 450.4 510.5 Contact zone 

•well locations are shown in Figure 3-30. 
bft MSL - feet above mean sea level. 
0 NA - not available; top of bedrock not reached. 
dNM - not measured. 
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Table 3-7 
Bedrock Hydraulic conductivities from constant-Head Packer Tests 

at the Tonawanda Site 

Page 1 of 2 

Depth to Test 
Boring Bedrock Interval Hydraulic conductivityb 
Number8 (ft) (ft) (cmjs) (ftjyr) 

Ashland/Seaway 

B55G16 85.0 87.1 - 94.7 7.4 X 10-4 766 
B55G18 73. a· 76.0 - 84.0 1.1 X 10-3 1,062 
B55W19 72.5 74.0 - 81.9 1.1 X 10-4 114 
B55G20 91.5 93.2 - 101.5 8.1 X 10-4 836 
B55G21 88.6 90.3 - 98.5 3.8 X 10-4 402 
B55G22 87.3 89.3 - 97.3 6.4 X 10-4 661 
B55W23 85.5 86.5 - 93.1 1.8 X 10-5 19 
B55G24 84.9 88.1 - 96.2 3.5 X 10-4 362 
B55G25 84.7 87.7 - 95.5 4.4 X 10-5 48 
B55W27 75.8 78.8 - 86.0 1.1 X 10-5 11 
B55W28 86.0 87.0 - 90.3 1.2 X 10-4 122 
B55G29 78.6 82.3 - 88.4 1.5 X 10-4 151 
B55G49 55.4 59.2 - 64.2 3.1 X 10-2 32,094 

Geometric mean 2.6 X 10-4 272 
Maximum 3.1 X 10-2 32,094 
Minimum 1.1 X 10-5 11 

Linde 

B29W01D 90.3 90.1 - 99.3 <1.1 X 10-5 <11 
98.7 - 107.9 <8.6 X 10-6 <9 

110.9 - 120.1 <8.9 X 10-6 <9 
121.3 - 130.4 <8.9 X 10-6 <9 
127.3 - 136.5 <8.8 X 10-6 <9 

B29W03D 82.3 89.1 - 98.3 <1.0 X 10-5 <10 
99.1 - 108.3 <8.9 X 10-6 <9 

110.3 - 119.5 3.1 X 10-5 32 
120.0 - 129.5 <7.8 X 10-6 <8 
131.5 140.7 <7.4 X 10-6 <8 
141.5 - 150.7 <7.4 X 10-6 <8 

B29W05D 85.7 104.2 - 112.7 <1.4 X 10-5 <14 
114.2 - 122.7 <1.3 X 10-5 <13 
125.4 - 133.9 <1.5 X 10-5 <15 
135.2 - 143.7 <1.6 X 10-5 <17 

B29W07D 96.1 101.2 - 145.0 3.5 X 10-4 362 
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Table 3-7 

(continued) 

Page 2 of 2 

Depth to Test 
Boring Bedrock Interval Hydraulic Conductivityb 
Numb era (ft) (ft) (cmfs) 

Linde (cont'd) 

B29W09D 95.5 95.5 - 104.6 2.6 X 10-4 

103.7 - 112.8 <1.0 X 10-5 

113.4 - 122.5 <1.0 X 10-5 

124.6 - 133.7 <8.9 X 10-6 

134.6 - 143.7 <8.2 X 10-6 

B29W10D 86.4 86.5 - 95.7 <1.1 X 10-5 

100.9 - 110.1 <1.0 X 10-5 

107.7 - 116.9 <1.1 X 10-5 

118.9 - 128.1 <9.8 X 10-6 

143.3 - 152.4 <9.6 X 10-6 

B29W11D 95.7 106.3 - 115.4 <1.2 X 10-5 

113.2 - 122.4 <1.2 X 10-5 

127.4 - 136.5 <1.2 X 10-5 

135.4 - 144.6 <1.9 X 10-5 

B29W13D 92.9 94.3 - 103.5 2.1 X 10-4 

105.5 - 114.6 1.1 X 10-5 

115.4 - 124.6 <1.2 X 10-5 

123.5 - 132.7 6.8 X 10-5 

136.1 - 145.3 3.8 X 10-5 

Geometric meanc 7.8 X 10-5 

Maximum 3.5 X 10-4 

Minimum <7.4 X 10-6 

5 Sampling locations are shown in Figures 3-20 and 3-21. 

~alues preceded by "<" indicate tests with no water take; 
value indicates test detection limits based on apparatus 
configuration. 

cGeometric mean does not include values preceded by "<." 
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(ft/yr) 

269 
<10 
<10 

<9 
<8 

<11 
<10 
<11 
<10 
<10 

<12 
<12 
<12 
<20 

217 
11 

<12 
70 
39 

80 
362 

<8 



w 
I 

..... 

1986 and 1990 Population and 1990 

1986 
Region Population 

Town of Tonawanda 83,800 

Surrounding Municipalities: 

Town of Amherst 109,500 
City of Buffalo 324,820 
City of Tonawanda 18,240 

Surrounding Counties: 

Erie County 964,700 
Niagara County 216,900 

New York State 17,772,000 

Table 3-8 

Population Density 

1990 
Population 

82,464 

111,711 
328,123 
17,284 

968,532 
220,756 

17,990,455 

w 
00 Sources: Bureau of the Census 1988a, 1991. 

in the Areas Surrounding the Tonawanda Site 

2
Land Area 1999 Persons Per 

(km } (mi2 ) (km J (mi 2) 

48.7 18.8 1,693.3 4,386.4 

138.0 53.3 809.5 2,095.9 
105.2 40.6 3,119.0 8,081.8 

9.8 3.8 1,763.7 4,548.4 

2,705.7 1,044.7 358.0 927.1 
1,354.5 523.0 163.0 422.1 

47,377.0 18,292.3 379.7 983.5 



Table 3-9 

Trends in Population Growth, Erie and Niagara Counties and the State of New York, 1985-90 

Erie Niagara Total Annual New York Annual 
County County Region Percent State Percent 

Population Population Population Change Population Change 
Year (Thousands) (Thousands) (Thousands) (%) (Thousands) (%) 

1985 981.3 220.0 1,201.3 17,793.6 

1986 975.1 219.7 1,194.8 -0.5 17,835.6 0.2 

1987 972.1 219.3 1,191.4 -0.3 17,871.2 0.2 

1988 976.9 221.5 1,198.4 0.6 17,943.9 0.4 

1989 972.8 221.2 1,194.0 -0.4 17,983.2 0.2 

w 1990 967.6 220.7 1,188.3 -0.5 18,002.1 0.1 
I 

....... Average Annual Growth w 
\0 

1980-89 -0.3% 0.1% -0.2% 0.2% 

Source: Regional Economic Information System 1992a. 



Table 3-1.0 
Change in the Number of Housing Units in the 

Areas surrounding the Tonawanda site, 1.980 and 1.990 

Total Housing Total Housing Average Annual 
Region/County Units, 1980 Units, 1990 Change, 1980-90 

Town of Tonawanda 34,018 34,589 0.17% 

Erie County 389,038 402,131 0.33% 

Niagara County 85,209 90,385 0.59% 

Total Region 474,247 492,516 0.38% 

Sources: Bureau of the Census 1982, 1991. 
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Region/County 

Town of Tonawanda 

Erie County 

Niagara County 

Total Region 

New York state 

w 
I Source: Bureau of the 1-' 

¢. 

1-' 

Table 3-11 
Housing Characteristics for the Areas Surrounding the Tonawanda Site 

and for New York State, 1990 

Single Multi- Total Average Homeowner 
Family Family Mobile occupied Persons vacancy 
Units Units Homes Units Per Unit Rate 

24,045 10,212 332 33,765 2.44 0.4 

225,152 166,360 10,619 376,994 2.57 0.8 

58,133 27,627 4,625 84,809 2.60 0.8 

283,285 193,987 15,244 461,803 2.58 0.8 

3,231,127 3,693,005 302,759 6,639,322 2. 71 1.9 

Census 1991. 

Renter 
Vacancy 

Rate 

3.8 

6.6 

5.4 

6.4 

4.9 



Table 3-12 
Distribution of Employment in Erie and Niagara Counties, 1980 and 1990 

Average Annual 
1980 1990 Growth 1980-1990 

Employment sector Erie Niagara Total Erie Niagara Total Erie Niagara Total 

Farming 2,918 2,191 5,109 2,179 1,686 3,865 -2.9% -2.6% -2.8% 
Agricultural services 1,596 322 1,918 2,680 600 3,280 5.3% 6.4% 5.5% 
Mining 543 104 647 517 169 686 -0.5% 5.0% 0.6% 
Construction 17,168 3,418 20,586 23,588 4,960 28,548 3.2% 3.8% 3.3% 
Manufacturing 103,890 33,090 136,980 76,948 ~3,307 100,255 -3.0% -3.4% -3.1% 
Transportation & 

public utilities 25,042 3,468 28,510 24,723 4,397 29,120 -0.1% 2.4% 0.2% 
Wholesale trade 26,708 2,695 29,403 27,707 3,170 30,877 0.4% 1.6% 0.5% 
Retail trade 84,031 15,722 99,753 100,155 20,307 120,462 1.8% 2.6% 1.9% 
Finance, insurance, & 

real estate 28,927 3,304 32,231 36,965 3,435 40,400 2.5% 0.4% 2.3% 
Services 110,313 18,677 128,990 157,357 24,754 182,111 3.6% 2.9% 3.5% 

w Government & government 
I enterprises 76,850 13,024 89,874 76,993 13' 272 90,265 0.0% 0.19% 0.0% 

1-' 
.t» Federal, civilian 8,821 1,295 10,116 9,357 1,317 10,674 0.6% 0.2% 0.5% 
1\) Military 3,359 733 4,092 2,648 523 3,171 -2.4% -3.3% -2.5% 

State & local 64,670 10,996 75,666 64,988 11,432 76,420 0.0% 0.4% 0.1% 

Sources: Regional Economic Information System 1991a, 1992b. 



Table 3-13 

Average Earnings Per Industry in Erie and Niagara Counties, 1980 and 1990 (Dollars) 

Average Annual 
1980 1990 Growth, 1980-90 {Percent} 

Employment sector Erie Niagara Total Erie Niagara Total Erie Niagara Total 

Farming 7,034 6,834 6,948 20,094 11,929 32,023 11.1 5.7 16.5 
Agricultural Services 10,405 7,661 9,944 15,576 12,642 28,218 4.1 5.1 11.0 
Mining 59,000 54,298 58,244 46,455 54,905 101,360 -2.4 0.1 5.7 
Construction 20,943 19,297 20,670 28,533 26,855 55,388 3.1 3.4 10.4 
Manufacturing 23,334 25,219 23,789 34,930 39,251 74,181 4.1 4.5 12.0 
Transportation & public 

utilities 23,525 19,750 23,066 32,577 28,387 60,964 3.3 3.7 10.2 
Wholesale trade 18,256 15,568 18,010 29,108 25,301 54,409 4.8 5.0 11.7 
Retail trade 7,780 7,763 7,777 11,693 10,895 22,588 4.2 3.4 11.3 
Finance, insurance, & 

real estate 11,630 8,817 11,342 21,196 13,832 35,028 6.2 4.6 11.9 
Services 11,608 9,970 11,371 20,978 17,014 37,992 6.1 5.5 12.8 

w Government & government I 
....... enterprises 14,728 14,027 14,626 29,646 26,681 56,327 7.2 6.6 14.4 
.::. Federal, civilian 20,163 20,294 20,180 33,544 31,424 64,968 5.2 4.5 12.4 w 

Military 4,212 4,363 4,239 9,553 7,507 17,060 8.5 5.6 14.9 
State & local 14,533 13,933 14,445 29,904 27,012 56,916 7.5 6.8 14.7 

sources: Regional Economic Information system 1991a, 1991b, 1992a, 1992b. 



Table 3-14 

Number of Establishments by Industry sector in Erie and Niagara Counties, 1988 and 1989 

Average Annual 
1988 Establishments 1989 Establishments Growth teercent l 

Employment Sector Erie Niagara Total Erie Niagara Total Erie Niagara Total 

Agricultural services 221 44 265 236 47 283 6.8 6.8 6.8 
Mining 23 5 28 26 4 30 13.0 -20.0 7.1 
Construction 2,090 403 2,493 2,193 461 2,654 4.9 14.4 6.5 
Manufacturing 1,290 296 1,586 1,262 310 1,572 -2.2 4.7 -0.9 
Transportation & public 

utilities 723 173 896 744 189 933 2.9 9.2 4.1 
Wholesale trade 1,839 229 2,068 1,837 235 2,072 -0.1 2.6 0.2 
Retail trade 5,884 1,434 7,318 5,989 1,429 7,418 1.8 -0.3 1.4 
Finance, insurance & 

real estate 1,677 277 1,954 1,677 285 1,962 0.0 2.9 0.4 
services 7,195 1,358 8,553 7,338 1,383 8,721 2.0 1.8 2 .o· 

w 
I 

Census 1988b, 1989. ..... Sources: Bureau of the 
ob 
ob 



Table 3-15 

Trends in Per Capita Income in Erie and Niagara 

counties, 1985-90 

Per Capita Income 
(Dollars) 

Year Erie Niagara Total 

1985 13,476 12,766 26,242 

1986 14,185 13,247 27,432 

1987 14,952 13,844 28,796 

1988 15,947 14,650 30,597 

1989 17,092 15,643 32,735 

1990 18,305 16,647 34,952 

Average annual growth: 

1985-90 6.3% 5.5% 5.9% 

Source: Regional Economic Information 
system 1992a. 
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Table 3-16 

Wells Within a 3-Mile Radius of Linde 

Page 1 of 2 

Well 
No. a Name of Site Latitude Longitude 

38 Union Carbide, Linde 42 58 51 78 53 16 

35 Pennwalt-Lucidol 42 58 54 78 53 12 
Division 

5 Aluminum 42 58 39 78 53 16 
Matchplate Corp. 

10 Bisonite Paint Co. 42 59 55 78 52 59 

10 Bisonite Paint Co. 42 59 55 78 52 59 

48 Shanco Plastics 42 58 30 78 54 45 
and Chemicals 

19 E.I. DuPont and Co. 42 58 11 78 54 36 

soc Spaulding Fibre 43 0 20 78 53 10 

SOB Spaulding Fibre 43 0 20 78 53 10 

18A Dunlop Tire and 42 58 15 78 55 11 
Rubber 

18B Dunlop Tire and 42 58 15 78 55 11 
Rubber 

18C Dunlop Tire and 42 58 15 78 55 11 
Rubber 

50A· Spaulding Fibre 43 0 20 78 53 10 

sc Ashland Pet. Co. 42 59 32 78 55 19 

7 Anaconda Companyb 42 57 16 78 53 32 

83 Consolidated 43 0 22 78 54 36 
Freightway 

30 Hartwell Street 42 57 4 78 52 35 
Landfillb 
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Table 3-l.6 

(continued) 

Page 2 of 2 

Well 
No. a 

61 

25 

SA 

44 

31 

sse 

74 

SSA 

SSB 

56 

63 

16 

121 

14 

79 

Name of Site 

Ashland Pet. Co. 

FMC Corp. 
Chemical Division 

Ashland Pet. Co. 

Polymer 
Applications 

River Road 

Tonawanda Coke 

Seaway/Niagara 
Landfill Inc. 

Tonawanda Coke 

Tonawanda Coke 

Robin Steel (was 
Wickwire Spencer) 

Niagara Mohawk 
Cherry Farm 

Columbus McKinnon 

Hertel Avenueb 

Chemical Leaman 
Tank Lines 

City of Tonawanda 

Source: BNI 1989b. 

Latitude 

43 0 8 

42 58 0 

43 0 8 

42 58 19 

42 58 30 

42 59 3 

42 59 9 

42 59 3 

42 59 3 

42 58 59 

42 59 9 

43 1 3 

42 56 36 

43 0 49 

43 1 3 

8 Well locations are shown in Figure 3-47. 

bLocated in Buffalo, New York. 
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Longitude 

78 55 11 

78 55 30 

78 55 11 

78 55 48 

78 56 0 

78 56 4 

78 56 2 

78 56 4 

78 56 4 

78 56 12 

78 56 12 

78 52 17 

78 53 45 

78 51 33 

78 51 30 



Table 3-17 

Wells Within a 3-Mile Radius of Ashland 1, 

Ashland 2, and Seaway 

Page 1 of 2 

Well 
No. 8 Name of site Latitude Longitude 

8C Ashland Pet. Co. 42 59 32 78 55 19 

61 Ashland Pet. Co. 43 0 8 78 55 11 

SA Ashland Pet. Co. 43 0 8 78 55 11 

55 A Tonawanda Coke 42 59 3 78 56 4 

55C Tonawanda Coke 42 59 3 78 56 4 

74 Seaway/Niagara 42 59 9 78 56 2 
Landfill Inc. 

55B Tonawanda Coke 42 59 3 78 56 4 

63 Niagara Mohawk 42 59 9 78 56 12 
Cherry Farm 

56 Robin Steel (was 42 58 59 78 56 12 
Wickwire Spencer) 

83 Consolidated 43 0 22 78 54 36 
Freightway 

31 River Road 42 58 30 78 56 0 

48 Shanco Plastics 42 58 30 78 54 45 
and Chemicals 

18B Dunlop Tire and 42 58 15 78 55 11 
Rubber 

18C Dunlop Tire and 42 58 15 78 55 11 
Rubber 

18A Dunlop Tire and 42 58 15 78 55 11 
Rubber 

44 Polymer Applications 42 58 19 78 55 48 

19 E.I. DuPont and Co. 42 58 11 78 54 36 
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Table 3-17 

(continued) 

Page 2 of 2 

Well 
No. a Name of Site Latitude Longitude 

25 FMC Corp. 42 58 0 78 55 30 
Chemical Division 

35 Pennwalt-Lucidol 42 58 54 78 53 12 

38 Union Carbide, Linde 42 58 51 78 53 16 

10 Bisonite Paint 42 59 55 78 52 59 

50A Spaulding Fibre 43 0 20 78 53 10 

SOB Spaulding Fibre 43 0 20 78 53 10 

soc Spaulding Fibre 43 0 20 78 53 10 

Source: BNI 1989b. 

8Well locations are shown in Figure 3-47. 
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Table 3-18 
The Expected Floral community of the 

Riparian Floodplains of Twomile and Rattlesnake creeks 

Wooded wetland 

Trees: Red ash 
Cottonwood 
Red oak 

Shrubs: Grey-stemmed dogwood 
Herbs: Reed-canary grass 

Cow-parsnip 

Emergent Vegetation 

Herbs: Broadleaf cattail 
Arrowhead 
River bullrush 
Narrowleaf cattail 
Softstem bullrush 
Big burreed 
Phragmites 

Wet Meadow 

Trees: 

Vines: 

Herbs: 

Silver maple 
Weeping willow 
Black willow 
Red ash 
Hawthorn 
Grey-stemmed dogwood 

Elderberry 
Wild grape 
Brambles 

Broadleaf cattail 
Narrowleaf cattail 
Smartweed 
Larger blue flag 
Sedges 
Soft rush 
Field bindweed 
Jewelweed 
Wild cucumber 
Thistle 
Orchard grass 
Nightshade 
Burdock 

Source: NYSDEC 1992a. 

Fraxinus pennsylvania 
Populus deltoides 
Quercus rubra 
Cornus racemosa 
Phalaris arundinacea 
Heracleum maximum 

Typha latifolia 
Sagittaria .2J2P..:.. 
Scirpus fluviatilis 
Typha angustifolia 
Scirpus validus 
Sparganium eurycarpum 
Phragmites communis 

Acer saccharinum 
Salix babylonica 
Salix nigra 

Crateagus 

Sambttcus §Oih 
Vitis riparia 
Rubus ~ 

Polygonum §Oih 
Iris versicolor 
Carex 2Pih 
Juncus effusus 
Convolvulus arvensis 
Impatiens capensis 
Echinocystis lobata 

Solanum dulcamara 
Act i um ..em:h. 

(listed) 8 

(listed) 

(listed) 
(listed) 
(listed) 
(listed) 
(listed) 
(listed) 
(listed) 

(listed) 
(listed) 
(listed) 

(listed) 
(listed) 

(listed) 
(listed) 

8 (listed) - listed in Section 24-0107 of the New York State Freshwater 
Wetlands Act. 
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Pa e 1 of 2 

Common Name 

Fishes 

Sturgeon, shortnoseb 

Reptiles 

Turtle, greenb 

Turtle, hawksbillb 

Turtle, leatherbackb 

Turtle, loggerheadb 

Turtle, Atlantic ridleyb 

Birds 

Eagle, bald 
Falcon, peregrine 

Plover, piping 

Tern, roseate 

MaDDals 

Bat, Indiana 
Cougar, eastern 

Whale, blueb 
Whale, finbackb 
Whale, humpbackb 
Whale, rightb 
Whale, seib 
Whale, spermb 

Mol lusk:s 

Snail, Chittenango 
ovate amber 

Mussel, dwarf wedge 

Butterflies 

Butterfly, Karner 
blue 

Plants 

Monkshood, northern 
wild 

Pogonia, small whorled 
Swamp pink 

Gerardia, sandplain 
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Table 3-19 
Federally Listed and Proposed Endangered and 

Threatened Species in New York 

Scientific Name 

Acipenser brevirostrum 

Chelonia m::;:das 

Eretmochel::;:s imbricate 

Dermochelys coriacea 

Caretta caretta 

Lepidochelys kempii 

Haliaeetus leucocephalus 
Falco peregrinus 

Charadrius melodus 

~ dougallii dougallii 

Myotis sodalis 
Felis concolor cougar 

Balaenoptera musculus 
Balaenoptera physalus 
Megaptera novaeangliae 
Eubalaena glacialis 
Balaenoptera borealis 
Physeter catodon 

Succinea chittenangoensis 

Alasmidonta heterodon 

Lycaeides melissa samuelis 

Aconitum noveboracense 

lsotria medeoloides 
Helonias bullate 

Agalinis ~ 

3-151 

Status• 

E 

T 

E 

E 

T 

E 

E 
E 

E 
T 

E 

E 
E 

E 
E 
E 
E 
E 
E 

T 

E 

PE 

T 

E 
T 

E 

Distribution 

Hudson River & other 
Atlantic coastal rivers 

Oceanic summer visitor, 
coastal waters 

Oceanic summer visitor, 
coastal waters 

Oceanic summer resident, 
coastal waters 

Oceanic summer resident, 
coastal waters 

Oceanic summer resident, 
coastal waters 

Entire state 
Entire state· 

re-establishment to 
former breeding range 
in progress 

Great Lakes Watershed 
Remainder of coastal 

New York 
southeastern coastal 

portions of state 

Entire state 
Entire state · probably 

extinct 
Oceanic 
Oceanic 
Oceanic 
Oceanic 
Oceanic 
Oceanic 

Madison County 

Orange County · lower 
Neversink River 

Albany, Saratoga, Warren, 
and Schenectady counties 

Ulster County 

Entire state 
Staten Island • presumed 

extirpated 
Nassau and Suffolk counties 



Pa e 2 of 2 

Common Name 

Plants (continued) 

Fern, American 
hart•s-tongue 

Orchid, eastern prairie 
fringed 

Bulrush, northeastern 
Roseroot, Leedy•s 

Source: SAIC 1992a. 

Table 3·19 
(continued) 

Scientific Name 

Phyllitis scolopendrium 
var. americana 

Platanthera leucophea 

Scirpus ancistrochaetus 
Sedum intesrifolium ssp. 

Leedyi 

"E - endangered: T - threatened: P · proposed. 

Status• 

T 

T 

E 
PT 

Distribution 

Onondaga and Madison 
counties 

Not relocated in New York 

Not relocated in New York 
Yestern shore of Seneca Lake 

bExcept for sea turtle nesting habitat, principal responsibility for these species is vested with 
the National Marine Fisheries Service. 
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Pa e 1 of 5 

Common Name 

Green-backed heron• 

Mallard 

Red-tailed hawk• 

Northern harrierb 

American kestrel• 

Ring-necked 
pheasant 

Spotted sandpiper 

Killdeer• 

American woodcock 

Rock dove 

Mourning dove• 

Great horned owl• 

Common nighthawkc 

Chimney swift• 

Ruby-throated• 
hummingbird 

Belted kingfisher• 

Northern flicker• 

Red-headed• 
woodpecker 

Hairy woodpecker• 
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Table 3-20 

Breeding Birds in the Twomile Creek Watershed 

Scientific Name 

Butorides striatus 

Anas platyrhynchos 

Buteo jamaicensis 

Circus cyaneus 

Falco sparverius 

Phasianus 
colchicus 

Actitis macularia 

Charadrius 
vociferus 

Scolopax minor 

Columba livia 

Zenaida macroura 

Bubo virginianus 

Chordeiles minor 

Chaetura pelagica 

Archilochus 
colubris 

Ceryle alcyon 

Colaptes auratus 

Melanerpes 
ervthrocephalus 

Picoides villosus 

3-153 

Habitat 

near water 

shallow water 
(<16 inches) 

woodlands 
interspersed with 
meadows 

wet meadows 

forest edges near 
wet meadows 

bushy pastures 

edges of ponds and 
pastures 

open fields with 
sparse vegetation 

early successional 
moist woodlands 

open country, common 
near buildings 

open land with bare 
ground 

deep woods remote 
from populated areas 

barren areas with 
rbcky soil 

chimneys 

mixed woodlands with 
abundant red flowers 

banks near water 

mixed woods with 
dead trees 

deciduous woods with 
dead or dying trees 

mixed bottomland 
with large trees 

Major Foods 

aquatic fauna 

sedges, grasses, 
and smartweed 

small mammals, esp. 
rodents 

small mammals, esp. 
rodents and shrews 

insects and small 
mammals 

grain, weed seeds, 
buds, and insects 

insects and 
crustaceans 

insects 

earthworms and 
beetle larvae 

seeds of weeds and 
grasses, handouts 

grain and weed 
seeds 

rabbits and rodents 

flying insects 

flying insects 

small insects, 
nectar, sap 

fish, crayfish, 
insects, mollusks 

ants, ground 
beetles, crickets, 
grasshoppers 

insect larvae and 
adults, wild fruits 
and nuts 

adults and larvae 
of beetles, ants, 
and caterpillars 
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Common Name 

Downy woodpecker• 

Eastern kingbird" 

Eastern phoebe• 

Great crested 
flycatcher• 

Alder flycatcher• 

Willow flycatcher• 

Eastern wood-pewee• 

Tree swallow-

Bank swallow• 

Northern rough
winged swallow• 

Barn swallow• 

Purple martin• 

Blue jay• 

American crow 

Black-capped 
chickadee• 

White-breasted 
nuthatch• 

House wren• 
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Table 3-20 

(continued) 

Scientific Name 

Picoides pubescens 

Tyrannus tyrannus 

Sayornis phoebe 

Myiarchus crinitus 

Empidonax alnorum 

Empidonax traillii 

Contopus virens 

Tachycineta 
bicolor 

Riparia riparia 

Stelgidopteryx 
serripennis 

Hirundo rustica 

Progne subis 

Cyanocitta 
cristata 

Corvus 
brachyrhynchos 

Parus atricapillus 

Sitta carolinensis 

Troglodytes aedon 
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Habitat 

mixed bottomlands 
with dense sapling 
understory 

clearings, fields, 
orchards 

cliffs or ledges at 
stream-side 
clearings 

edges of mixed 
woodlands 

low, damp thickets 
bordering wetlands 

brushy fields and 
woodland edges 

interiors and edges 
of hardwood forests, 
esp. oaks 

bottomlands with 
dead standing trees 
near water 

riverbanks with 
grassy mat overhang 

river valleys and 
lake shores 

farmlands and barns 

farmlands, parks, 
yards near water 

mixed woodlands, 
suburbs 

woodlands with 
adjacent farmland 

mixed woodlands and 
residential areas 

mixed or deciduous 
woodlands with large 
trees 

near human dwellings 
and edges of 
woodlands 

Major Foods 

insects esp. ~cod
boring ants and 
beetle larvae 

flying insects, 
wild fruits 

flying insects and 
small fruits 

flying insects, 
insect larvae, 
fruits 

flying insects 

flying insects 

insects 

flying insects, 
berries, seeds 

flying insects 

flying insects 

flying insects 

flying insects 

seeds, fruits, 
mast, insects 

carrion, insects, 
nestlings, fruit, 
garbage, grain 

insects, seeds, 
fruits 

caterpillars, 
beetles, spiders, 
ants, seeds, 
fruits, mast 

small insects, 
beetles, 
caterpillars 
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Common Name 

Northern 
mockingbird• 

Gray catbird• 

Brown thrasher• 

American robin• 

Cedar waxwing• 

European starling 

Red-eyed vireo• 

Warbling vireo• 

Blue-winged 
warbler• 

Yellow warbler• 

Common 
yellowthroat• 

American redstart• 
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(continued) 

Scientific Name 

Mimus polyglottos 

Dumetella 
carolinensis 

Toxostoma rufum 

Turdus migratorius 

Bornbycilla 
cedro rum 

Sturnus vulgaris 

Vireo olivaceus 

Vireo gilvus 

Verrnivora pinus 

Dendroica petechia 

Geothlypis trichas 

Setophaga 
ruticilla 

Habitat 

woodland edges with 
fruit-bearing 
shrubs, esp. 
multiflora rose 

dense thickets of 
shrubs, briars, 
vines incl. 
hedgerows 

bushes, low trees, 
tangle of vines 
incl. hedgerows 

woodland edges and 
clearings, shade 
trees in residential 
areas 

semi-open areas and 
dense coniferous 
thickets 

everywhere except 
high mountains 

deciduous woodlands 
with thick 
undergrowth of 
saplings 

deciduous trees 

old fields with 
scattered shrubs and 
saplings 

scattered small 
trees or dense 
shrubbery 

wet brushy meadows, 
esp. cattails, damp 
woods 

sapling/pole stage 
deciduous woodlands 
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Major Foods 

wild or cultivated 
fruits, seeds, 
insects 

small fruits, 
insects 

insects, berries, 
mast, grain 

wild and cultivated 
fruits, earthworms, 
insects 

fresh and dried 
fruits and flowers, 
insects 

insects, seeds, 
fruits, cultivated 
grains 

insects, esp. 
caterpillars, 
moths, beetles, 
bugs, ants 

insects, esp. 
caterpillars 

caterpillars, 
beetles, ants, 
spiders 

insects, esp. 
caterpillars, 
cankerworms, 
beetles, weevils, 
plant-lice, 
grasshoppers, 
spiders 

cankerworms, fall 
webworrns, gypsy 
moths, 
caterpillars, 
grasshoppers, 
leafhoppers 

insects, esp. 
caterpillars, bugs, 
flies, moths, 
grasshoppers, 
beetles, wasps 
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common Name 

House sparrow 

Red-winged 
blackbird• 

Northern oriole• 

Common grackle• 

Brown-headed 
cowbird• 

Northern cardinal• 

Indigo bunting• 

Purple f inch• 

House f inch• 

American goldfinch• 

Rufous-sided 
towhee• 

savannah sparrow-
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(continued) 

Scientific Name 

Passer domesticus 

Agelaius 
phoeniceus 

Icterus galbula 

Quiscalus guiscula 

Molotl:.:: :JS ater 

Cardinal is 
cardinal is 

Passerina cyanea 

Carpodacus 
purpureus 

Carpodacus 
mexicanus. 

Carduelis tristis 

Pipilo 
erythrophthalmus 

Passerculus 
sandwichensis 
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Habitat 

villages, farms, 
cities, park 

wetlands with 
extensive growth of 
cattails, bulrushes, 
sedges, and reeds 

tall deciduous 
trees, prefers elm 

farmlands, suburbs, 
wetlands, meadows 

open woodlands and 
agricultural lands 

open woodlands with 
heavy underbush of 
Lonicera or Cornua 

edges of woods, 
brushy vegetation, 
elevated perches 

edges of coniferous 
forests, ornamental 
conifers 

open woods, yards, 
parks, farms 

open weedy fields, 
pastures with 
scattered trees near 
towns and farms 

dense brushy cover 
and woodland edges 

grassy swales and 
other vegetation of 
moderate height 

Major Foods 

insects, 
vegetables, fruits 
and seeds, weed 
seeds, garbage 

insects, weed 
seeds, grain 

insects, fruit 

ground-dwelling 
insects, fruits, 
mast, waste grains, 
fish, crustaceans, 
amphibians, 
nestlings, eggs 

weed seeds, 
grasses, grains, 
insects 

seeds and fru.;.ts, 
waste grains, 
insects 

insects, weed seeds 

seeds of conifers, 
weeds and grasses, 
buds, fruits, 
insects, spiders 

weed seeds, wild 
and cultivated 
fruit, insects 

insects, buds, 
succulent 
vegetation, seeds 
of weeds, esp. 
dandelions and 
thistle, birches, 
alders, conifers 

insects, seeds, 
fruits, mast 

insects, esp. 
beetles and 
grasshoppers, seea 
of grasses and 
weeds 
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Common Name 

Chipping sparro~ 

Field sparrow• 

Swamp sparrow• 

Song sparrow• 

Source: NYSDEC 1992b. 

•protected species. 

bThreatened species. 

Table 3-20 

(continued) 

Scientific Name 

Spizella passerina 

Spizella pusilla 

Melospiza 
georgiana 

Melospiza melodia 

Habitat 

suburban residential 
areas, open mixed 
woodlands, borders 
of lakes and streams 

open areas with low 
shrubs or trees 

herbaceous emergent 
vegetation in 
wetlands 

wet lowlands with 
irregular plant 
growth and abundant 
sunlight 

0 Protected species - special concern. 
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Major Foods 

insects and seeds 

insects,. seeds of 
weeds and grasses 

insects and weed 
seeds 

insects, weed 
seeds, fruits 



Table 3-21 
Reptiles and Amphibians of the Region and Habitat 

Requirements 

Page 1 of 3 

Common name 

Blue-spotted 
salamander 

Spotted salamander 

Red-spotted newt 

Northern dusky 
salamander 

Redbacked salamander 

Four-toed salamander 

Northern spring 
salamander 

Northern two-lined 
salamander 

Eastern american 
toad 

Fowler's toad 
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Species 

Ambystoma laterale 

Ambystoma maculatum 

Notophthalmus ~ 
viridescens 

Desmognathus !.:_ 
fuscus 

Plethodon cinereus 

Habitat requirements 

wooded, swampy, or 
moist areas 

mesic woods in semi
permanent pools 
without fish; use 
rodent burrows 

in pools with 
abundant submerged 
vegetation in slow~ 
moving streams; 
terrestrial 
juveniles in moist 
woodlands· 

banks of running 
water under leaf 
cover 

terrestrial, moist 
microhabitats -
interior of decaying 
logs, under stones, 
etc. 

Hemidactylium scutatum acidic wet woodlands 
with sphagnum moss 

Gyrinophilus 12.:.. 
pornhyriticus 

Eurycea ~ bislineata 

Bufo ~ americanus 

Bufo woodhousii 
fowleri 
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streams, seeps, 
springs 

floodplain bottoms 
to moist forest 
floors 

almost any habitat, 
moist· upland woods 

shallow water with 
sandy soil 
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Common name 

Northern spring 
peeper 

Gray treefrog 

Bullfrog 

Green frog 

Wood frog 

Northern leopard 
frog 

Pickerel frog 

Common snapping 
turtle 

Stinkpot 

Midland painted 
turtle 
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(continued) 

Species 

Hyla ~ crucifer 

Hyla versicolor 

Rana catesbeiana 

Rana clamitans 
melanota 

Rana sylvatica 

Rana pipiens 

Rana palustris 

Habitat requirements 

marshy or wet woods 

forested regions 
near shallow water 

aquatic, near 
shorelines with 
emergent vegetation 

riparian, along 
margins of shallow 
water 

terrestrial, 
temporary woodland 
pools, back waters 
of slow-moving 
streams 

wet open meadows 
and woods 

colder waters of 
lakes and streams 
with thick 
vegetation at edges 

Chelydra ~ serpentina aquatic, in soft 
muddy banks or 
bottoms 

Sternotherus odoratus 

Chrysemys picta 
marginata 
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muddy bottoms of 
lakes, ponds ~nd 
rivers 

quiet shallow water 
with dense 
vegetation, tolerant 
of pollution 
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Common name 

Northern water snake 

Northern brown snake 

Northern redbelly 
snake 

Eastern garter snake 

Eastern ribbon snake 

Northern ringneck 
snake 

Northern black racer 

Eastern smooth green 
snake 

Eastern milk snake 

Timber rattlesnake 

Table 3-21 

(continued) 

Species 

Nerodia ~ sipedon 

Storeria ~ dekayi 

storeria o. 
occipitomaculata 

Habitat requirements 

semiaquatic, still 
or slow moving 
waters on 
overhanging branches 
or logs; absent from 
heavily polluted 
waters 

ubiquitous; moves 
into soil during 
July and August 

woodlands, under 
surface debris, 
around abandoned 
buildings 

Thamnophis ~ sirtalis ubiquitous; 
terrestrial, moist 
areas 

Thamnophis ~ sauritus semiaquatic, brushy 
vegetation at waters 
edge 

Diadophis punctatus 
edwardsi 

under cover in 
moist shady 
woodlands 

Coluber ~ constrictor forests, fields, 
marshes, near old 
buildings 

Opheodrys ~ vernalis 

Lampropeltis t. 
triangulum 

Crotalus horridus 

upland grassy 
areas, abandoned 
farmland 

under cover in 
brush or woods, 
nocturnal 

forested areas with 
rocky outcroppings, 
near streams in late 
summer 

Source: De Graaf and Rudis 1988. 
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Table 3-22 
Typical Aquatic Invertebrate Community Expected to Appear 

in TWomile and Rattlesnake creeks8 

Chironomidae: 
Tvetenia bavarica, facultativeb 
Pentaneurini 

Conchapelopia rurika, facultative 
Tanytarsini 

Micropsectra spp., facultative 
Rheotanytarsus exiguus, facultative 
Tanytarsus querlus, facultative 

Chironomini 
Stictochironomus spp., tolerant0 

Polypedilum convictum, facultative 

Trichoptera: 
Hydropsyche sparna, facultative 
H. betteni, tolerant 
~ morosa, intolerantd 
Hydroptila spp., facultative 
Oecetis avara, facultative 
Cheumatopsyche spp., facultative 

Ephemeroptera: 
Baetis brunneicolor, intolerant 

Isopoda: 
Asellus spp., tolerant 
Gammarus spp., facultative 

Coleoptera: 
Stenelmis crenata, facultative 
Optioservus fastiditus, intolerant 

Platyhelminthes: 
Turbellaria - Planariidae, facultative 

Oligochaeta: 
Naididae 

Nais pardalis, tolerant 
~ bretscheri, facultative 
Chaetogaster diaphanus, facultative 

Tubificidae, tolerant 

Source: NYSDEC 1992c. 

8 From Ransom Creek, near Clarence Center in Erie County or 
Tonawanda Creek in Millersport at Route 78. 

bFacultive - occur over a wide range of water quality. 
0 Tolerant - tolerant of poor water quality. 
dintolerant - intolerant of poor water quality. 
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Table 3-23 

Species and Common Names of small Mammals 

Potentially Useful in Biomonitorinq Studies 

Family/Species 

Soricidae 

Sorex cinereus 
Sorex palustris 
Sorex fumeus 
Sorex dispar 
Blarina brevicauda 

Talpidae 

Parascalops breweri 
Condylura cristata 

Cricetidae 

Peromyscus maniculatus 
Peromvscus leucopus 
Clethrionomys gapperi 
Microtus pennsylvanicus 
Microtus pinetorium 
Synaptomys cooperi 

Muridae 

Rattus norvegicus 
Mus musculus 
Zapus hudsonius 
Napaeozapus insignis 

Procyonidae 

Procyon lotor 

Common name 

Masked shrew 
Water shrew 
Smoky shrew 
Long-tailed shrew 
Short-tailed shrew 

Hairy-tailed mole 
Star-nosed mole 

Deer mouse 
White-footed mouse 
So. Red-backed vole 
Meadow vole 
Woodland vole 
So. bog lemming 

Norway rat 
House mouse 
Meadow jumping mouse 
Woodland jump. mouse 

Raccoon 

source: De Graaf and Rudis 1988. 
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Special Habitat 
Requirements 

Damp woodlands 
Wetlands 
Damp woodlands 
Rocky woodlands 
Wooded or open areas 

Loose sandy soil 
Mucky humus 

Field borders 
Clearings 
Damp woodlands 
Fields and pastures 
Grasslands 
Thick layer of duff 

Buildings, dumps 
Buildings in winter 
Herbaceous thickets 
Herbaceous thickets 

Wooded area with den 





4.0 NATURE AND EXTENT OF CONTAMINATION 

This section integrates data obtained during previous 

investigations with those collected during the RI to determine the 

nature and extent of contamination in buildings, soil, surface 

water, sediment, groundwater, and air at the Tonawanda properties. 

Section 4.1 presents an introduction to the nature and extent 

of contamination at the Tonawanda site. Section 4.2 identifies 

potential sources of radioactive and chemical contamination 

associated with the Tonawanda properties and discusses the nature 

and extent of contamination in soil, surface water, sediment, air, 

and buildings. Section 4.3 discusses data obtained from the 

environmental monitoring program using wells installed to monitor 

the groundwater systems. 

Throughout the section, a concerted effort has been made to 

differentiate between MED-related contamination and that 

contributed by other sources or activities. This has required a 

detailed examination of the field logs, analytical results, and 

various industrial processes and contaminants at each property. 

Findings of the investigations of specific site-related media are 

summarized at the end of each section. 

4.1 INTRODUCTION 

The field sampling activities focused on radioactive 

contaminants; metals related to ore processing activities; and 

chemicals whose presence could classify radioactive waste as 

RCRA-hazardous, be a potential safety problem to workers during 

remedial action, or be associated with general plant operations 

related to MED activities. 

4.1.1 Radioactive Constituents of Interest 

Historical records and previous surveys show that the 

radioactive contaminants on the properties resulted primarily from 

the uranium ore processing operations conducted at Linde. 

Radionuclides in these operations come from the uranium-238, 
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uranium-235, and thorium-232 decay chains. Therefore, based on a 

review of the decay chains and previous survey information, 

uranium-238, radium-226, thorium-232, and thorium-230 were selected 

as indicator radionuclides. These radionuclides have long 

half-lives and would act as the parent radionuclides for the other 

decay products in the decay chain if the original equilibrium of 

the decay products were disturbed during the ore processing. 

The natural uranium decay chain equilibrium in the American 

ores processed at Linde was interrupted during the vanadium ore 

extraction process preceding the arrival of the ores at Linde. 
Hence, the American ores and resulting filter cakes are deficient 

in radium-226 when compared with virgin ores. The African ores, on 

the other hand, had an abundance of radium-226 because they had not 

undergone preprocessing before their arrival at Linde. 

Because the primary radiological constituent of the American 

and African ores is natural uranium, thorium-232 (which is not in 

the uranium decay chain) is not expected to be in abundance in the 

ores or their residues. The American ore filter cakes were placed 

at Ashland 1 and subsequently at Seaway and Ashland 2; the African 

ores were shipped to Lewiston, New York, for storage. Therefore, 

the Linde property may have contamination from both ore stream 

filter cakes, whereas the other three properties have contamination 

originating from the American ores only. 

Uranium-235 and uranium-234 were not selected as indicators 

because 47.3 percent of the radioactivity of natural uranium comes 

from uranium-238; 2.2 percent is from uranium-235, and 50.5 percent 

is from uranium-234. The ore processing conducted at Linde did not 

affect the isotopic distribution of the natural uranium; therefore, 

uranium-234 and uranium-235 concentrations can be calculated from 

the uranium-238 concentrations. 

Radionuclides of interest and their respective sources are 

listed in Table 4-1. Also presented in Table 4-1 are chemical 

constituents of interest that were identified during laboratory 

analysis of samples taken from various media and their potential 

sources. Note that some ·constituents, including the radionuclides, 

have multiple potential sources. '-.. 
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For simplicity, the term "uranium" is used in this report to 
denote the naturally occurring form of uranium with all three 
isotopes (i.e., uranium-234, uranium-235, and uranium-238) present. 
In this context, 100 g of uranium contains 0.0054 g of uranium-234, 
0.711 g of uranium-235, and 99.283 g of uranium-238. One gram of 
uranium is equivalent to 667,000 pci of radioactivity contributed 
as follows: uranium-234 contributes approximately 50.5 percent, 
uranium-235 contributes 2.2 percent, and uranium-238 contributes 
47.3 percent. Using these percentages, the concentrations of each 
isotope and of total uranium can be estimated from the measurement 

of uranium-238. 
Radiological data for liquid samples are reported in picocuries 

per liter (pCi/L). For soil samples, the radiological units are 
picocuries per gram (pCi/g). Results are thus expressed in units 
of radioactivity per unit volume or per unit mass of material for a 
specific radionuclide. Use of the "less than" (<) notation in 
reporting results indicates that the radionuclide was not present 
at concentrations that are measurable with the instruments and 
techniques used. The 11 less than" value represents the lower limit 
of the quantitative capability of the instrument and technique used 
and is based on various factors, including the volume, size, and 
weight .of the sample; the type of detector used; the counting time; 
and the background count rate. The actual concentration of the 
radionuclide is less than the value indicated. In addition, 

because radioactive decay is a random process, no precise 
correlation between the rate of disintegration and a given 
radionuclide concentration can be established; therefore, the exact 
concentration of the radionuclide cannot be determined. 

4.1.2 Chemical Constituents of interest 

Chemical parameters were selected to determine the presence of 
RCRA-characteristic materials associated with the ore extraction 
process and to determine the presence of chemicals that may be a 
health hazard to workers during remedial action. Chemical analyses 

included RCRA-characteristic waste, vocs, BNAEs, indicator 
parameters, and metals. It was also anticipated that the metals 
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data could be used to identify MED-related spoils. Target 

c~mpounds included in each of these categories are listed in 

Tables 2-3 through 2-5. 
As discussed in Section 1.0, the principal nonradioactive 

precipitates expected to be in the MED filter cake are iron, 

calcium, aluminum, lead, vanadium (American ores), barium (African 

ores), magnesium, manganese, and phosphorus (see Table 4-1). For 

the most part, the cations will be in the form of a slightly 

soluble to insoluble salt (carbonates and hydroxides) 

(Aerospace 1981). Aluminum, barium, calcium, iron, manganese, and 

magnesium are fairly common cations in the natural soils at 

Tonawanda, as evidenced in the Ashland 2 south background samples 

and those taken by the State of New York to approximate background 

in Erie County (Table 4-2). Vanadium and lead, which make up a 

large percentage of the stage 2 filter cake, are not naturally 

present at the levels found in the filter cake~ therefore, for 

samples analyzed for metals and radionuclides, vanadium and lead 

are useful indicator parameters for identifying MED Stage 2 filter 

cake that resulted from the processing of American ores (see 

Table 4-1). An examination of the data reveals a direct one-to-one 

correlation between high concentrations of vanadium and lead and 

high levels of radionuclides (greater than guidelines for all three 

radionuclides of interest). This correlation will be used in part 

to differentiate soils contaminated by MED filter cake from soils 

.:...ontaminated by other industrial processes (e.g., refinery 

operations) that may contain metals at above-background 
concentrations. 

Analysis of the Stage 1 filter cake found at A~hland 1 

indicates that copper is present at elevated levels 

(Aerospace 1981). Therefore, elevated copper values accompanied by 

elevated calcium and manganese and low levels of vanadium .and lead 

will be used as an indication of MED Stage 1 filter cake for the 

American ores (i.e., those found at Ashland 1, Ashland 2, and 

Seaway). 

Another more localized source of contamination could exist in 

the vicinity of the injection wells at Linde. Some or all of these 

wells overflowed at times during effluent injection. This overflow 
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deposited the dissolved cations and anions (including 
radionuclides) that had escaped the flocculation and filtering 

process on the surrounding surface soils. According to Linde 
records, the effluent could be expected to contain sodium, calcium, 
iron, molybdenum, sulfate, chloride (African ores), radium, 
uranium, and minor amounts of trace metals (see Table 4-1). 

Chemical data for liquid and leachate samples are presented in 
concentration units of micrograms of the analyte per liter of 
liquid (~g/L). For soil samples, the chemical data are presented 
in units of micrograms of analyte per kilogram of solid (~g/kg) or 
milligrams of analyte per kilogram of solid (mg/kg). Both 1 ~g/L 

and 1 ~gfkg are approximately equivalent to one part per billion 
(ppb), while 1 mgfkg is approximately equal to one part per million 
(ppm). 

4.1.3 Background Concentrations and Guidance Values 

Background Concentrations 

soils. In a 1981 investigation, ORAU determined background 
concentrations for radionuclides in soil in the Tonawanda area but 
did not.address metals. For the RI, BNI determined site-specific 
background levels of radionuclides and metals instead of using the 
area-wide background values reported by ORAU. These site-specific 
background values are based on concentrations in samples collected 
from Ashland 2 South; ten samples were analyzed for radionuclides, 
and nine samples were analyzed for metals. The background sampling 

locations chose~ are considered to be non-anthropogenic (i.e., not 
influenced or altered by human activities) and were selected for 
the following reasons: 

(1) The sampling locations are representative of the natural 
Tonawanda site soils because the samples were collected 
from undisturbed soils at Ashland 2 South, where the depth 

to undisturbed soil generally is between o and 0.15 m 
{0 and 0.5 ft). 
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{2) The sampling locations are removed from the area of 
radioactive contamination to the northwest, the Ashland 
tank, and possible area of chemical contamination to the 

southeast. 

(3) The locations are not in the stormwater-runoff flowpath of 
any areas of contamination. 

For comparison with site-specific background levels determined by 
BNI, background data for metals in soil developed by the State of 
New York and by USGS for Erie County were grouped with the 
Ashland 2 South data (see Table 4-2). 

surface water. Surface water is the most dynamic media 
sampled; a background value must be established for each sampling 
event and for each stream system sampled. For purposes of the site 
characterization and RI, a background sample was taken just . 
upstream of the property to be investigated. Sampling locations 

· for the first phase (locations 4 and AS-10 for Linde, location GS-5 
for Ashland 1, location SP-2 for Seaway, and locations SP-12, SP-3, 
and SP-5 for Ashland 2) are shown in Figures 2-16 and 2-17: 
sampling locations for the second phase (location 113 for 
Ashland 1, location 110 for Seaway, and locations 111 and 112 for 
Ashland 2) are shown in Figure 2-19. Analytical results for 
background samples are presented in the tables that present the 
data for each specific property. 

Sediments. Background sediment samples were taken at the same 
times and locations as for surface water. The background data are 
presented in the same tables as the data for the samples from each 
property. Sediment data are also compared with Tonawanda soils 
data because the drainage systems and creeks investigated originate 
in Tonawanda. 

Groundwater. Background concentrations in groundwater were 
determined from samples collected from Ashland 2 for the site 

investigation (see Figure 3-20). The flat potentiometric surface 
of the Linde groundwater precluded the installation of a background 

well; therefore, the well from Ashland 2 was used. 
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Air. Only health and safety monitoring was conducted during 

the RI. .The monitoring results were compared with established 

allowable health and safety levels; therefore, no background values 

for air monitoring were necessary. 

Guidance Values 

Radionuclides and radioactivity. DOE has issued guidelines 

(Order 5400.5) for residual radioactive contamination (Table 4-3). 

Radium-226, thorium-230, and thorium-232 have guidelines of 5 pCijg 

above background when averaged over the top 15 em (6 in.) of soil 

and 15 pCijg above background when averaged over any 15-cm-

(6-in.-) thick layer of soil below the surface layer. The 

guideline for uranium in soil is site-specific (i.e., each site can 

have a different guideline value). For Tonawanda, a guideline of 

60 pCi/g above background for total uranium was used to determine 

whether a soil sample was radioactively contaminated. Because the 

uranium ores processed at Linde contained natural uranium, a 

guideline for uranium-238 can be calculated based on the percentage 

of the radioactivity uranium-238 contributes to the activity of 

natural uranium (i.e., 47.3 percent) and on the guideline value for 

uranium (60 pCi/g). For example, a soil sample is considered 

"contaminated" with uranium or "exceeding the uranium guideline" if· 

the uranium-238 concentration is 28.4 pCijg or greater [i.e., 

47.3 percent of the uranium guideline for Tonawanda soil 

(60 pCijg)] above background. 

Chemicals. EPA, pursuant to its authority under the Safe 

Drinking Water Act, has set maximum contaminant levels (MCLs) for 

selected chemicals in drinking water. EPA also uses these values 

to evaluate groundwater and surface water quality. Table 4-4 lists 

the organic and volatile organic compounds that have a drinking 

water MCL; Tonawanda groundwater is not used for drinking water 

(see Section 3.7.8). EPA does not have set standards for soil 

contamination. Depending upon the regulatory authority under which 

a particular site is being investigated, cleanup standards are 

derived from risk assessments (CERCLA) or comparison with published 

public health-based criteria (RCRA). 
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4.1.4 Data Quality 

An overview of the QA/QC process for RI data is presented in 

Appendix D; a detailed discussion of QA/QC procedures is presented 

in the Quality Assurance Project Plan for the Remedial 

Investigation/Feasibility Study-Environmental Impact Statement for 

the Tonawanda Site (BNI 1993c). Data were evaluated by a 

verification process that included reviews of sample and QC sample 

results for precision, accuracy, completeness, and 

representativeness; review of chain-of-custody forms; and review of 

holding times. Upon successful completion of the QA/QC process, 

the data are included in the site database. 

Results for selenium and thallium have been rejected because 

these metals were analyzed by inductively coupled plasma atomic 

emission spectrophotometry (ICPAES) in the presence of high 

concentrations of iron and aluminum. Both aluminum and iron caused 

false-positive interferences for selenium and thallium that were 

inadequately corrected for by the analytical laboratory. 

Additionally, borosilicate glassware was used at several points 

in the sample preparation phase; therefore, boron values can be 

considered an artifact of the laboratory procedure rather than an 

indication of the presence of the chemical at the Tonawanda 

properties at the concentrations reported. 

4.2 SOURCES, NATURE, AND EXTENT OF CONTAMINATION IN SOIL, SURFACE 
WATER AND SEDIMENTS, BUILDINGS, AND AIR 

The following sections describe the results of investigations 

of potential contaminant sources and the nature and extent of 

contamination at each of the Tonawanda properties. 

4.2.1 Linde 

General site characterization activities were conducted at 

Linde from October 1988 through March 1989 to investigate two 

potential contaminant sources: (1) contaminated soil outside the 
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buildings and beneath Building 30, and (2) portions of 
Buildings 14, 30, 31, and 38 to confirm previous survey results. 

Supplemental investigations were conducted from November 1990 

through May 1991 to investigate four potential contaminant sources: 

(1) contaminated soil beyond the northeastern corner fenceline, 

( 2) ,,c,.contaminated soil in the blast wall adjacent to Building 58, 

(3) effluents injected into the subsurface bedrock and basal 
contact zone, and (4) a subsurface vault potentially containing 

radioactive materials. 

soil Characteristics at Linde 

To determine the nature and extent of contamination at Linde, 

the nature of the construction materials used as fill at the 
property must be considered. The natural soils at Linde appear to 

have been covered.by a fill layer ranging in thickness from o to 

5.1 m (0 to 17ft). This fill, as noted in borehole logs, contains 

substantial quantities of slag and fly ash that was apparently 
brought onsite from local sources for grading purposes during 

construction of the Linde facility. Both of these materials are 

known to contain heavy metals at concentrations above naturally 

occurring levels, and fly ash is also reported to contain 

radionuclides, including thorium-232 (Lim 1979). Thorium-232 was 
not present in the MED ores, and its presence in a sample can 

suggest the presence of fly ash; however, the absence of 

thorium-232 does not constitute proof that the material being 

analyzed is MED related. 

Because slag and fly ash are specifically exempted from RCRA 

regulation [40 CFR 261.4(b) (7) and 40 CFR 261.4(b) (4)], the 

background values for heavy metals and radionuclides should be 

adjusted to account for their influence. This is essential for 

purposes of this study because a prime objective of the RI is to 

identify the nature and extent of any hazardous materials 

(radioactive or otherwise) associated with MED activities. The 

effect of fly ash on the sampling results has been evaluated by 

sampling boreholes that are outside areas of radioactive 

contamination where the field geologist has specifically identified 
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fly ash in the borehole loq. 
a B29R19, B29R20, B29R49 
available only for B29R61. 

Boreholes that meet these criteria 
B29R59, and B29R61. Chemical data are 

The data for B29R61 (Table 4-5) indicate that the shallow soil 
[0 to 0.6 m (0 to 2ft)] contains above-background levels of 
arsenic (62.6 ppm), cadmium (1.4 ppm), chromium (35.1 ppm), copper 
(151 ppm), lead (121 ppm), and silver (3.7 ppm). The vanadium 
concentration (22.2 ppm) is within the native background range 
(19.5 to 31.8 ppm); the concentration of thorium-232 is greater 
than 1 pCijg, while the uranium-238 concentration is less than 
10 pCifg. Additio~ally, the sample is identified in the borehole 
log as consisting of slag and 40 percent clay and fly ash. The 
concentrations of metals detected in the natural soils beneath this 
horizon are very similar to those published by the State of 
New York and USGS as background for clays in Erie county. The only 
above-background values are those for arsenic and zinc, both of 
which are fairly mobile in the subsurface and may have originated 
in the overlying fill materials. (The arsenic concentrations are 
probably overestimated because of interferant problems in the 
analysis.) The potential forMED-related contamination at this 
location is from effluent injection wells; however, because of the 
pH stages and addition of carbonates and hydroxides, the effluent 
should not contain copper, lead, or chromium. Therefore, these 
constituents are much more likely to have originated from waste 
motor oil in the sample and a mixture of fly ash and slag. 
MED-associated material does not appear to be present at this 
sampling location. 

surface and Subsurface soil outside of Buildings at Linde 

Radionuclides. The primary radioactive contaminants in soil at 
Linde are uranium-238, radium-226, and thorium-230, which appear to 
be concentrated in four areas (Figures 4-1 through 4-3). 
Radiological data for contaminated soil in these four areas are 
summarized in Table 4-6; radiological data·for all soil sampling 
locations at Linde are presented in Appendix A. 
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Area 1. According to Linde personnel, soil was probably 

brought into Area 1, in the northwestern corner of the main parking 

area, as fill and grading material (Figure 4-1). The ground 

surface of the parking lot is several feet above the ground surface 

of the R. P. Adams property immediately to the north; the 

difference in elevation supports the theory that fill material was 

placed in Area 1. 

The maximum depth of radioactive contamination is 1.2 m (4 ft) 

found in B29R10. Only two subsurface samples exceeded the DOE 

guideline of 15 pCi/g for thorium-230: one in B29R05 (23 pCi/g) 

and one in B29R07 (30 pCi/g). 

Chemical data exist for two boreholes (B29R10 and B29R16) in 

Area 1. The lead-vanadium relationship is weak yet discernible at 

B29R10, and the radium-226 (5 pCi/g) and thorium-230 (5.9 pCi/g) 

concentrations are above guidelines in the surface soil sample. 

The lead-vanadium relationship is not present in B29R16. Because 

the radionuclides are not above guidelines and the vanadium 

concentrations are relatively low in B29R16, the activity is caused 

by the presence of slag and fly ash, not Stage 2 filter cake. 

Area 2. Area 2 is along the northern boundary of the property 

in the northeastern corner of the parking area (Figure 4-1). 

Contaminated residues were brought into Area 2 before the 

construction of Building 90. Contaminated soils were removed from 

the construction area of Building 90 and placed in a windrow 

between the location for Building 90 and the northern property line 

(see Figure 1-5). Between 1979 and 1982, the materials in the 

windrow were moved to a pile beside the northern end of 

Building 90. The pile, approximately 5 m (15 ft) high 

(Figure 4-4), was not sampled during the RI because the material is 

known to be radioactively contaminated. 

Some samples were collected to a depth of 1.2 m (4ft), and 

gamma log readings indicated that radioactive contamination may 

reach a depth of 1.2 m (4ft) in only one borehole (B29R66). This 

borehole contains uranium-238 contamination (40 pCi/g) between 

0.6 and 1.2 m (2 and 4ft), but no other radionuclides in the 

borehole are above guidelines. 
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Only one sample collected in Area 2 was analyzed for the 

presence of chemicals (B29R68). This borehole has elevated 

uranium-238 (14.0 pCi/g) and .radium-226 (3.1 pCi/g) concentrations 

and a thorium-230 concentration (6.3 pCi/g) above the DOE 

guideline. The sample from this borehole does not have the 

elevated lead and vanadium levels characteristic of Stage 2 filter 

cake, but elevated zinc, arsenic, manganese, calcium, and copper 

are present. The elevated levels of manganese, calcium, copper, 

and radionuclides indicate that Stage 1 filter cake may have been 

mixed with the natural materials in this area. The borehole log 

for B29R68 describes a clay fill with slag. The results for 

individual locations in Area 2 indicate that the most likely 

location of MED-related material is in the area just south of the 

pile (B29R66 and B29R71), but there may be minor mixing such as 

that indicated in B29R68 and B29R65. 

The remainder .of the area exhibiting radionuclide 

concentrations above DOE guidelines appears to have fly ash in the 

fill, mixed with MED material. The fly ash is confirmed by the 

presence of thorium-232 at concentrations greater than 1 pCi/g and 

borehole log observations noting high percentages of fly ash 

(e.g., B29R69, with a 50-percent fly ash estimate and thorium-232 

concentration of 3 pCi/g). The area previously contained 

MED-related materials in a windrow; some of these materials are 

probably still mixed with the soils. 

Area 3. Area 3, along the northeastern corner fenceline, 

encompasses a spur of the railroad (Figure 4-2). Some samples were 

collected to a depth of 1.5 m (5 ft); radioactive contamination 

reached a depth of 1.2 m (4ft). Samples collected from B29Rl16 

contained concentrations of uranium-238 (170 pCi/g), radium-226 

(240 pCi/g), and thorium-230 (710 pCi/g) that exceeded DOE 

guidelines. The borehole was sampled to a depth of 0.9 m (3ft), 

and gamma log readings confirm that radioactive contamination does 

not extend beyond that depth. The surface sample collected from 

B29R116 during the site characterization was the only sample that 

showed thorium-232 above the DOE guideline. 

Because sampling in Area 3 indicated that radioactive 

contamination extended beyond the property boundary, additional. 
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samples were collected during the 1990-91 investigation. The 
second-phase investigation results indicate that the primary 

contaminants west of the railroad spur are uranium-238 and 

thorium-230 at depths of less than 1.2 m (4 ft) and that the 

primary contaminant east of the railroad spur is thorium-230 at 

depths of less than 0.6 m (2ft). Results are presented in 

Appendix A. 
Radioactive contamination was detected in 18 auger holes 

drilled during the second-phase investigation; Figure 4-2 shows the 

approximate depths and extent of radioactive contamination in soil. 

Samples collected from B29R145 had the highest concentrations of 

uranium-238 (100 pCi/g), radium-226 (43 pCi/g), and thorium-230 

(110 pCi/g), all of which are above DOE guidelines. These samples 

were collected to a depth of 0.9 m (3ft). 

Three types of activities associated with MED processes were 

conducted in the area designated as contaminated in Figure 4-2. 

During the years of uranium processing, uranium ore was transported 

to Linde on the Conrail railroad spurs, and solid processing 

residues were piled in the area north of Buildings 30, 38, 39, 

and 58. Before Building 90 was constructed, soil contaminated 

during MED operations was excavated from the construction area and 

.placed in two windrows, one of which was located between 

Buildings 73 and 73B and the property boundary (Figures 1-5 
and 4-2). 

Building 73 and 73B were constructed in 1963 and 1976, 

respectively. Contaminated soils from the construction of 

Building 90 were not placed in the area between Buildings 73 

and 73B and the property boundary until after 1976; therefore, 

these soils could not have contaminated the area beneath 

Buildings 73 and 73B. No contamination was known to have been 

placed in the area before the building was constructed, and no 

samples were collected beneath the buildings because no historical 

evidence showed reason to suspect the presence of contamination. 

B29R103 and B29R101 are known to be contaminated. The materials 

found in B29R101 (i.e., uranium-238, radium-226, and thorium-230 

above DOE guidelines) appear to be MED related, while those found 

in B29R103, which has substantial amounts of slag and very little 
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(less than 7.0 pCi/g) uranium, may not be. To give a conservative 

estimate for the contaminated soil volume, contamination is 

presently considered to exist beneath the buildings. 

No soil samples were taken from directly beneath the railroad 

spur because an access agreement could not be obtained. However, 

to give a conservative estimate for the contaminated soil volume, 

contamination is presently considered to exist beneath the spur 

because shallow contamination at depths of less than 1 m (3 ft) 

exists on both sides of the spur. 

Only one borehole (B29R101) was sampled for analysis of 

chemical constituents in Area 3. The sample contained moderately 

high levels of lead (42.9 ppm) and vanadium (50 ppm). The 

lead-vanadium relationship indicates the presence of MED-related 

materials. The source of contamination (i.e., Stage 2 filter cake) 

is confirmed by the radionuclide concentrations [uranium-238 

(54.0 pCi/g), radium-226 (12.0 pCi/g), and thorium-230 

(23.0 pCi/g)] above DOE guidelines. 

Area 4. Area 4 is around Buildings 38 and 58 and in and around 

Building 30 (Figure 4-3). Samples collected from B29R38 inside 

Building 30 contained concentrations (above DOE guidelines) of 

uranium-238 (930 pCi/g), radium-226 (150 pCi/g), and thorium-230 

(820 pCifg) between depths of 0.3 and 0.9 m (1 and 3ft). Both 

lead (1,120 ppm) and vanadium (437 ppm) concentrations were 

elevated in this interval, positively identifying Stage 2 filter 

cake. The 0- to 0.3-m (0- to 1-ft) interval is concrete. The 

borehole gamma-log readings show that radioactive contamination may 

extend to a depth of 2.4 m (8ft), but the field log indicates that 

the radioactive contamination was moved to this depth during 

installation of the PVC pipe prior to gamma logging the borehole. 

The metals results confirm that radioactive contamination in the 

area of B29R38 does not extend to depths greater than 1.2 m . 
(4.1 ft) [i.e., the depth of fill material]. 

Samples collected from B29R46 (to the east of Building 30) also 

contained elevated concentrations of uranium-238 (170 pCifg) 

between the surface and 0.3 m (1 ft) and between 0.3 and 0.6 m 

(1 and 2ft) (100 pCi/g). Although the borehole was sampled to a 
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depth of 0.9 m (3ft), gamma-log readings indicated that the 

radioactive contamination may extend to 1.2 m (4ft). 

During the 1988-89 site characterization, a borehole was 

drilled into the soil and timber blast wall east of Building 58 to 

determine whether the soil was radioactively contaminated. Only 

one borehole was drilled because of the steep slope of the blast 

wall and because only representative samples were necessary to 

determine whether radioactive contamination is present. The 

borehole contained high concentrations of uranium-238 (100 pCi/g), 

radium-226 (30 pCi/g), and thorium-230 (27 pCi/g) at a depth of 

0.9 to 1.8 m (3 to 6ft). 
Because the site characterization sampling was intended as an 

initial screening, additional samples were collected during the 

1990-91 investigations. The primary contaminants in the blast wall 

soil are uranium-238, radium-226, and thorium-230; results are 

presented in Appendix A. No thorium-232 concentrations were above 

guidelines. Uranium-238, radium-226, and thorium-230 in excess of 

DOE guidelines were detected in boreholes B29HA01, B29HA02, 

and B29HA03; subsurface gamma logs and sampling results were in 

agreement on the depths of contamination. Figure 4-5 shows the 

approximate depths of contamination. Surface contamination [ground 

surface to 15 em (6 in.)] was found only in B29HA02; subsurface 

contamination [deeper than 15 em (6 in.)] was found in all three 

boreholes. No contamination was found in B29HA04 through B29HA06. 

During the RI, only one area of the northern end of the blast wall 

was found to be contaminated. For purposes of a conservative 

volume estimate of contaminated soil, the northern end of the blast 

wall is considered to be contaminated. 

The maximum depth of radioactive contamination in Area 4 is 

2.7 m (9 ft) in B29R36 beneath Building 30 (which was constructed 

to accommodate MED activities). 

RCRA-characteristic waste. None of the soil samples failed 

RCRA characteristics criteria [corrosivity, ignitability, 

reactivity, or EP toxicity) as defined under RCRA (40 CFR 261). 

EPA has replaced the EP toxicity test with the TCLP and included 

additional organic constituents in the list of analytes. 

Analytical results for both the EP toxicity characteristics and 
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total volatile and BNAE concentrations in Linde samples are in the 

low ppb range; therefore, TCLP analysis will not be needed because 

the concentrations will not exceed regulatory criteria if 

additionally evaluated using TCLP (see Federal Register, Vol. 55, 

No. 61, March 29, 1990, pg. 11863). 

Organics. Seventeen locations were sampled for the presence of 

VOCs in the shallow soil (see Figure 2-2). Additionally, samples 

from nine of these locations were analyzed for BNAEs. Results are 

summarized in Table 4-7. The data for vocs can be broadly grouped 

into three categories: samples that are relatively free of VOCs 

other than toluene (B29R101, B29R68, B29W9D, B29R30, B29R10, 

and B29R88); samples that contain primarily chlorinated ethenes and 

toluene (B29R34, B29R43, B29R16, B29R23, B29R61, and B29W10D); and 

samples that contain toluene and a mixture of chlorinated ethenes 

and ethanes (B29R51, B29R48, B29R40, B29R82, and B29R38). 

Toluene appears to be an ubiquitous chemical at Linde; it was 

detected in all soil samples analyzed for vocs. With the exception 

of B29R30, B29R38, and B29R40 [beneath Building 30, which has a 

0.3- to 0.6-m (1- to 2-ft) thick concrete floor], the presence of 

toluene (which is both biodegradable and mobile) in the shallow 

soil system is not expected to result from a release occurring in 

the 1942 to 1946 time period. The data indicate that the highest 

toluene concentration is typically in the first 0.6 m (2 ft) of the 

subsurface and that the concentrations decrease with depth 

(Table 4-7). If the toluene had been deposited 50 years ago and 

had not undergone biodegradation, the majority would have migrated 

deeper into the soils; therefore, the deeper samples would have 

higher toluene concentrations. The decrease in concentration with 

depth is a further indication that the toluene was deposited 

recently. 

The chlorinated aliphatics are common industrial degreasers and 

appear to occur at Linde as either ethenes or ethenes mixed with 

ethanes. 1,1,2,2-trichloroethane was found only under Building 30 

and was detected at the highest concentration of all the 

chlorinated compounds [190 ~g/kg in B29R40 and 650 ~gfkg in B29R38 

at depths from 0 to 1.2 m (0 to 4ft)]. The borehole log for 

B29R38 notes the presence of a black oily substance under the 
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concrete floor in this interval. The chlorinated materials in 
these boreholes are mixed with MED-related radioactive waste. 
1,1,2,2-tetrachloroethane is not a common degreaser; the compound 

is usually employed as a feedstock for production of other 
chlorinated compounds (Kirk-Othmer 1978). 
1,1,2,2-tetrachloroethane could occur as a contaminant in 
trichloroethane or tetrachloroethane. However, 
1,1,2,2-tetrachloroethane was the only chlorinated compound 
detected in the first interval sampled; although very mobile, it 
did not appear in the deeper sample where other chlorinated 

aliphatics and toluene were detected. Because 
1,1,2,2-trichloroethane is similar to trichloroethane in mobility, 
the two would be expected to be present together if deposited at 

the same time. 
Three other boreholes (B29R48, B29R51, and B29R82) contain 

ethanes, which were detected in the 0- to 0.6-m (0- to 2-ft) 
interval of B29R48 and B29R51 and in the 0.6- to 1.8-m (2- to 6-ft) 
interval of B29RS2. Trichloroethane, tetrachloroethane, andfor 
methylene chloride were detected in 12 of the 18 samples analyzed 
for vocs. Typically, the levels detected were low (less than 
20 ppb), but unlike the pattern observed for toluene, the 
concentration gradient increased with depth. This is expected 
because these compounds are more mobile in clays than toluene. The 
highest concentration reported was for tetrachloroethane (42 ppb) 

in the 1.8- to 2.4-m (6- to 8-ft) interval in B29R23. 
The exact origin of the chlorinated aliphatics cannot be 

accurately determined from the data. There does not appear to be 
any pattern to their distribution, although the shallow soil at the 
Linde facility has apparently become contaminated with relatively 
low levels (1 to 42 ppb) of these materials. However, because of 
natural degradation of chemical compounds over time, it is unlikely 
that degreasers that may have been used during MED operations would 
still be present in the shallow soil 50 years later. Therefore, 

for purposes of the RI/FS, these materials are considered non-MED 
related and a concern to the DOE remedial action program only for 
planning of remedial action and waste disposal when the materials 

are mixed with MED-contaminated material. 
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With the exception of B29R101, which is under 0.3 m (1 ft) of 

concrete, soil samples from all locations sampled for analysis of 

BNAEs contained a number of PAHs (see Table 4-7). The 

concentrations of PAHs found at Linde are above background and 

indicative of the surficial release of used crankcase oils from 

motor vehicles (especially diesel trucks). Most locations sampled 

were in areas currently used by vehicular traffic. The 

concentration gradient of the PAHs indicates that the less mobile 

compounds adsorbed in the first 0.6 m (2 ft) of soil and the more 

mobile compounds diminished to nondetectable concentrations at 

greater depths [i.e., in the 0.6- to 1.8-m (2- to 6-ft) interval) 

(see Table 4-7). The depths and concentrations of these 

constituents indicate a release time considerably shorter than the 

50-yr period that has elapsed since MED operations ceased; their 

presence is more likely to be related to normal, ongoing industrial 

operations at Linde. 

Metals. Linde is underlain by fill that is a complex mixture 

of fly ash, slag, gravel, and clays. Fly ash contains elevated 

levels of trace metals and radionuclides. Slag contains elevated 

levels of.iron, magnesium, calcium, and trace metals, which may not 

be present at elevated leveis in gravel and clays. Therefore, the 

analytical results for soil samples·will depend upon the percentage 

of each of the above constituents in the samples. 

Because of the potential difficulty in distinguishing 

MED-related metals from fly ash/slag-related metals, the data for 

each borehole must be examined separately, giving particular 
attention to its location at the property and the radionuclide mix. 

Areas 1 and 2. Three soil samples (one each from B29R10, 

B29R16, and B29R68) were collected in the northwestern sector of 

the Linde facility and analyzed for metals. Analytical results are 

summarized in Table 4-8. The area is currently used for parking 

(Area 1) and the radioactive waste storage pile (Area 2). All 

three samples are described as-consisting of clay and gravel fill 

with varying amounts of fly ash and slag. None of the sampling 

locations are near former injection wells, although MED wastes·may 

have been placed in the area. 
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The sample from the o- to 0.6-m (0- to 2-ft) interval of B29R10 

exhibits a weak but nonetheless characteristic fingerprint of 

concentrations of vanadium lead, copper, and nickel that exceed 

background (Table 4-8). The sample is composed entirely of fill 

materials and has radium-226 and thorium-230 concentrations that 

exceed background but less than 1 pCi/g of thorium-232. This 

material should be considered MED related (i.e., stage 2 filter 

cake). The sample from the 0.6- to 1.8-m (2- to 6-ft) interval did 

not contain high concentrations of trace metals but did contain 

levels of radium-226 and thorium-230 that exceed guidelines. This 
finding is probably related to the sampling interval collection 

method; the radiological sample was taken in the 0.6- to 1.2-m (2-

to 4-ft) interval, which includes 0.3 m (1 ft) of fill, whereas the 

metals sample was composited with 0.9 m (3 ft) of clay. Therefore, 

the radionuclides probably originated from the fill material mixed 

with the sample; the metals sample is primarily composed of clean 

clay. The low levels of metals in the 0.6- to 1.8-m (2- to 6-ft) 

interval indicate that metals and radionuclides (which should 

behave similarly to several of the heavy metals) have not migrated 

downward from the fill into the natural clay. 

B29R16 has 0.9 m (3 ft) of fill (clay and gravel with fly ash 
and,~,slag) overlying a brown clay. Both of the radiological samples 

were taken in the fill material. The levels of radionuclides 

detected are close to background, with a slightly elevated 

thorium-230 concentration (3.4 pCijg) in the first sampling 

interval. The material analyzed for metals in this interval may 

contain a small amount of Stage 1 filter cake (i.e., residue rich 

in calcium and manganese). However, it also contains elevated 

levels of arsenic (120 ppm) and magnesium. All of these metals 

could be non-MED-related because the slag would contain high levels 

of calcium and magnesium, and the fly ash could account for the 

manganese and arsenic levels that exceed background. Additionally, 

the Stage 1 filter cake should contain levels of copper that exceed 

background (Aerospace 1981) but does not. The evidence tends to 

support the conclusion that this material is not MED related. The 

second sample for metals from B29R16 was from natural clay at a 

depth of 0.6 to 1.8 m (2 to 6ft). The results show some evidence 
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of downward migration of arsenic, which is relatively mobile, but 
concentrations of other metals and radionuclides are close to 

background. 
Subsurface conditions in B29R68 are similar to those in 

B29R016: 0.9 m (3 ft) of clay, gravel, and slag fill overlying a 
brown, moderately plastic clay. The radionuclide concentrations in 
the first sampling interval [0 to 0.6 m (0 to 2ft)] are elevated 
(see Table 4-8). The metals composition (mean concentrations of 
calcium, manganese, and copper that exceed background) indicates 
that some stage 1 filter cake is present. In the second sampling 
interval [0.6 to 1.8 m (2 to 6ft)), calcium concentrations remain 
high, but copper and manganese (as well as the radionuclides) are 
at background levels; these results indicate minimal migration into 
the natural clays. Arsenic, which is not known to be a MED-related 
waste constituent (see Sections 1.3.2 "History" and 4.2.1 "Soil 
Characteristics at Linde"), exceeded background in the first 
interval (55.2 ppm}i arsenic is mobile, and the concentration was 
slightly higher in the second sampling interval (87.5 ppm). 
However, given the uncertainty in the analytical method, the~e 
values are relative and may be much lower. 

Areas 3 and 4. As in the northwestern sector of the facility, 
three boreholes were sampled for metals contamination in the 
northeastern sector (B29R82, B29R43, and B29R101). B29R82 is 
underlain by 0.6.m (2 ft) of sandy gravel and slag and 0.6 m (2 ft) 
of disturbed clay. Undisturbed material begins at a depth of 1.2 m 
{4ft). Analytical results for these boreholes are summarized in 
Table 4-9. 

The first sampling interval [0 to 0.6 m (0 to 2ft)] contains 
thorium-232 above 1.0 pCijg; no vanadium or copper; elevated levels 
of calcium and magnesium; and concentrations of manganese 
(3,070 ppm), arsenic (207 ppm), and beryllium (6.3 ppm) that exceed 
background. However, because of the presence of thorium-232, the 
absence of vanad: -~(Stage 2 filter cake), the absence of elevated 
copper concentra~~ons (Stage 1 filter cake), and the presence of 
very high levels of magnesium and calcium (slag), this material is 
not considered MED related (Table 4-9). The second sampling 
interval [0.6 to 1.8 m (2 to 6ft)] was not analyzed for 
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radionuclides. The second. interval has a different mineralogical 

composition (clay versus sandy gravel) than the first interval. 

However, as with the first sampling interval, there are no 

indicators of MED-related filter cake. Arsenic, magnesium, and 

calcium still exceed background, indicating that some downward 

migration may have occurred. 

The soil profile in B29R43 is very similar to that in B29R82, 

with a sandy gravel and slag fill to 1.2 m (4ft), underlain by 

undisturbed clay. As in B29R82, the first sampling interval [0 to 

0.6 m (0 to 2ft)] contains elevated levels of calcium and 

magnesium and background levels of lead, vanadium, and copper; 

thorium-232 at concentrations above 1 pCijg; and levels of arsenic 

(166 ppm), beryllium (5.5 ppm), and manganese (2,050 ppm) that 

exceed background. The combinations and concentrations of 

constituents found in this interval indicate fill of unknown 

composition and slag (see Table 4-9). The materials in this 

borehole interval are not MED related. The 0.6- to 1.8-m (2- to 

6-ft) interval represents, in general, a reflection of the first 

interval with lower concentrations of most constituents (including 

radionuclides). The exception is that chromium, iron, magnesium, 

nickel, sodium, and zinc concentrations were slightly higher than 

in the first interval, with only magnesium exceeding background 

levels. The second interval also does not show any evidence of 

MED-related materials. 

The soil in B29R101 is covered by 0.3 m (1 ft) of concrete. 

The subsurface consists of a clay fill between 0.6 and 0.9 m (2 and 

3 ft) with undisturbed clay beneath. The first sampling interval 

[0 to 0.3 m (0 to 2 ft)] contained above-background levels of 

vanadium, lead, and copper and above-guideline levels of 

uranium-238 (54.0 pCi/g), radium-226 (12.0 pCi/g), and thorium-230 

(23.0 pCijg). This sampling interval contained MED-related 

materials (see Table 4-9). In the second sampling interval [0.9 to 

2.1 m (3 to 7ft)], concentrations of all metals and radionuclides 

(except arsenic) decreased to levels at or near background. This 

indicates that there has been minimal leaching of heavy metals 

(vanadium remained slightly elevated at 38.6 ppm) and radionuclides 
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into the subsurface soils. Therefore, the undisturbed clay in this 

area is considered free of MED-related materials. 

Area 4. 

Building 30. 

Building 30; 

Nine boreholes were sampled for metals in and around 

B29R38, B29R40, and B29R30 were drilled under 

B29R48, B2~R51, and B29R88 were drilled east of 

and B29R23, B29W09D, and B29R34 were drilled north of 

the building. Analytical results are summarized in Tables 4-10 

through 4-12. 

Building 30; 

B29R38 was advanced to 2.4 m (8ft). The first 0.3 m (1ft) 

consisted of a concrete floor. A sample taken in the 0.3- to 0.9-m 

(1- to 3-ft) interval was Stage 2 filter cake containing elevated 

levels of vanadium (437 ppm), lead (1,120 ppm), uranium-238 

(930.0 pCijg), radium-226 (150.0 pCijg), and thorium-230 

(820.0 pCijg). The 1.2- to 2.4-m (4- to 8-ft) interval was also 

sampled for metals (Table 4-10). The reported sampling interval 

for the radionuclides was 1.5 to 2.1 m (5 to 7ft). The metals 

data accompanying this sample indicate that the sample was taken 

closer to the fill/clay interface [the radiological sample 

contained elevated levels of uranium-238 (62.0 pCi/g), radium-226 

(9.0 pCi/g), and thorium-230 (33.0 pCi/g), whereas the metals 

sample was a native uncontaminated clay]. Results for samples 

collected outside the building indicate that radionuclides and 

accompanying heavy metals are not migrating into the natural 

materials. Contamination in this borehole is related to MED 

activities and extends to a depth-of just over 1.2 m (4ft). 

B29R40 is in the south-central portion of Building 30 and is 

covered by 0.6 m (2 ft) of concrete. The first sampling interval 

[0.6 to 1.2 m (2 to 4 ft)] is described as clayey fill. The metals 

and radiological data indicate that this layer contains American 

ore, based on levels of vanadium exceeding background (which are 

expected because the concentrate was sent from Colorado) and 

background levels of other heavy metals (see Table 4-10). In 

addition, the sample has elevated levels of uranium-238 

(72.0 pCi/g) and low levels of radium-226 (1.6 pCi/g). The second 

sampling interval [1.2 to 2.2 m (4 to 7.5 ft)] does not contain 

elevated levels of trace metals; radionuclide concentrations are at 

background levels except for thorium-232 (3.0 pCi/g), indicating 
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the presence of non-MED-related materials and the absence of 

uranium or vanadium migration. 

B29R30, in the southwest corner of Building 30, is overlain by 

0.3 m (1 ft) of concrete. Two sampling intervals were investigated 

for radionuclides and metals [0.3 to 0.9 m (1 to 3 ft) and 0.9 to 

2.1.m {3 to 7ft)). The borehole log designates the sampling 

intervals as containing natural clays. However, the clays in the 

first interval are described as greenish gray, indicating a 

slightly different mineralogy than the normal brown clays found at 
the property. The analytical data indicate that copper, antimony, 

and iron concentrations exceed background (Table 4-10): however, 
none of the metals or radionuclides that are generally associated 

with MED-related materials were detected, and the elevated values 

are probably associated with the different clay mineralogy. 

Analytical results for B29R48, B29R51, and B29R88 are 

summarized in Tab~e 4-11. B29R48, located approximately 30 m 
(100 ft) southeast of Building 30, is near a railroad track and 

accessible to vehicular traffic. The organics detected indicate 

contamination by waste oils, which are also expected to contain 
more than trace levels of some heavy metals. Additionally, the 

borehole log describes the first 0.6-m (2-ft) interval as being 
composed of sandy silts with pieces of crushed ·slag and fly ash. 

The metals data might be interpreted as supporting the presence of 

Stage 1 filter cake because of the elevated levels of copper 

(109 ppm), manganese (1,400 ppm), and calcium (76,500 ppm). 

However, Stage 1 filter cake generally does not contain the high 

levels of lead observed in this sample (83.4 mgjkg), and Stage 2 

filter cake would contain both lead and vanadium (Table 4-11). The 

high calcium level can be linked with the elevated magnesium 

concentration (13,500 mgjkg) and attributed to slag. Also, the 

radionuclides found in the first sampling interval include 

thorium-232 (4.0 pCi/g), which exceeds background. Because waste 

oils and fly ash can have elevated levels of lead, manganese, and 

copper, and MED ores were poor in thorium-232, it can be concluded 

that the metals and radionuclides found in this borehole interval 

originated from operations other than MED activities. The second 

sampling interval [0.6 to 1.8 m (2 to 6ft)], described as a medium 
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brown natural clay with greenish-gray mottling, shows slight 

elevation over background for many of the metals seen in the first 

sampling interval and declining radionuclide concent:~ations (see 

Table 4-11). The levels of metals that exceed backg~ound can be 

attribut01 either to the natural elevation of the mottled clay or 

to moderate leaching of the metals from the less permeable fill 

layer above. The metals and radionuclides at this sampling 

location are not MED related. 

B29R51 is located in a setting similar to that of B29R48 and is 

about 60 m (200 ft) to the northeast. The sampling location is 

near a railroad tr~ck, is subject to vehicular traffic, and has a 

0.1-m (0.3-ft) thick asphalt layer at the surface. Two intervals 

were sampled for radionuclides and metals [0 to 0.6 m (0 to 2 ft) 

and 0.6 to 1.8 m (2 to 6ft)]. The first sampling interval is 

described in the borehole log as a gravel and sand fill with traces 

of slag and fly ash. As in B29R48, the first sampling interval in 

B29R51 shows waste oil contamination accompanied by levels of 

copper, lead, arsenic, beryllium, and manganese that exceed 

background (see Table 4-11). All radionuclide concentrations are 

at or near background. Results indicate that the heavy metals 

concentrations found in B29R51 are caused by materials found in the 

fill and recent waste oil spillage rather than by MED activities 

that ceased 50 years ago. All concentrations of heavy metals and 

radionuclides in the second sampling interval are within background 

ranges. 

B29R88, located about 45 m (150 ft) northeast of the 

northeastern corner of Building 30, was sampled at the 5.1- to 

6.3-m (17- to 21-ft) interval because it is overlain by 0.45 m 

(1.5 ft) of concrete and approximately 4.5 m (15.5 ft) of coarse 

limestone gravel fill. Analytical results (Table 4-11) indicate 

that concentrations of all constituents, with the exception of 

arsenic (79.3 ppm), are at or below background levels. 

Analytical results for B29R23, B29W09D, and B29R34 are 

summarized in Table 4-12. B29R23, just to the northwest of 

Building 30, is located near a former injection well found just 

inside the building. Three intervals were sampled [0.3 to 0.6 m 

(1 to 2ft), 0.6 to 1.8 m (2 to 6ft), and 1.8 to 2.4 m 
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(6 to 8ft)]. The area is overlain by 0.3 m (1ft) of concrete. 
The borehole log describes the first 1.8 m (6 ft) as a gravelly 

clay fill with slag. The metals concentrations in the first 
sampling interval resemble those in clay with slag, with the 
exception of higher than normal sodium (2,360 ppm) accompanied by 

elevated radium-226 (6.0 pCi/g) (Table 4-12). A possible 
explanation of these values is that the processing effluents of 
African ores (which would contain relatively high levels of radium 

compared with the American ore effluents) were spilled onto the 
clayjslag fill near the injection well. The decrease in all 
concentrations at the depth of the natural clays in the third 
sampling interval indicates limited current migration. 
Nonetheless, the first 0.3-m (1-ft) interval of soil in this area 
contains low-level radionuclides (but not metals} that could be 
related to MED operations. 

B29W09D is just northeast of B29R23. The borehole log 
describes the first 0.8 m (2.6 ft) as a silty sand with gravel fill 
that includes blebs of gray-black organic material and concrete 
rubble. Analytical results for organics suggest that these blebs 
are waste oils. The remainder of the soil is described as brown 
natural clays. Three sampling intervals were sampled for metals 
(0 to 0.6 m (0 to 2ft), 0.6 to 1.2 m (2 to 4ft), and 1.2 to 1.8 m 
(4 to 6ft)]. The results for the first sampling interval suggest 
the remnants of a Stage 1 American ore filter cake mixed with waste 
oil metals (see Table 4-12). The reasoning for this conclusion is 
as follows: (1) The sample is enriched in radionuclides 

(uranium-238 (13.0 pCi/g), radium-226 (7.0 pCi/g), and thorium-230 
(15.0 pCi/g)]; (2) the sample contains high levels of copper 
(932ppm), calcium (110,000 ppm), and manganese (1,410 ppm) as is 
characteristic of the filter cake; and (3) the sample does not 
contain slag or fly ash but is rich in several metals found in 

waste oil [i.e., lead (193 ppm), nickel (34.4 ppm), and zinc 
(139 ppm)]. Results from the undisturbed clay layer [0.6 to 1.2 m 

(2 to 4ft)] indicate that all constituents of interest are at or 
near background levels with the exception of calcium, manganese, 
and magnesium, which tend to be more mobile than the heavy metals. 
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In the third sampling interval, no metal constituents were detected 
at concentrations exceeding background. 

B29R34 is located just north of an old injection well. The 
borehole log describes the first 1.2 m (4 ft) as a silty clay fill 
with slag and fly ash, and a moderate brown undisturbed clay from 
1.2 to 1.8 m (4 to 6ft). Two intervals were sampled in this 
borehole (0 to 0.6 m (0 to 2ft) and 0.6 to 1.8 m (2-6ft)]; both 
contained elevated levels of radionuclides (see Table 4-12). 
Neither sample exhibited a metals pattern characteristic of ore or 
filter cake, although the presence of slag was indicated by the 
high calcium and magnesium levels. Anion analyses were also 
performed on the soil samples: results indicated high levels of 
sulfate (980 ppm) relative to other Linde samples tested. Sulfate 
is expected to be a major constituent of the effluent waste stream. 
An elevated sulfate level is found in the second interval and 
probably reflects. the influence of the clays in partially 
immobilizing some of the sulfate present in the effluent. As has 
been seen in the case of the filter cakes, radionuclides appear to 
sorb quite easily and do not appear to leach (hence, their higher 
levels in the shallower soil). The elevated radionuclides in this 
borehole are from MED-related materials. 

summary. Radionuclides were detected at levels exceeding 
guidelines in four general areas. For purposes of the RI, the 
areal extent and depths have been roughly delineated. Further 
delineation during cleanup will be necessary because the areas 
depicted in Figures 4-1 through 4-3 are conservative. Samples from 
selected boreholes were analyzed for metals to determine whether 
heavy metals associated with the extraction process had migrated 
from, or remained with, the radionuclides. Clear evidence 
demonstrates that the recoverable radionuclides and the heavy 
metals have remained immobilized in the near-surface fill material. 
Natural clays tested gave no indication of elevated radionuclides 
or heavy metals. Hence, constituents that may have migrated from 
the MED-related materials during the past 50 years have migrated at 
such a low rate that they cannot now be analytically differentiated ~ 

from the near-surface natural clays. 
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VOCs and BNAE compounds were detected at a variety of locations 

across the facility. For the most part, the BNAEs were PAHs whose 

presence in soil can be linked with vehicular traffic and waste 

crankcase oils associated with heavy (diesel) truck traffic. 

Because of the distribution pattern (in open parking areas and 

driveways) and depths of these PAHs, it can be concluded that they 

were released less than 50 years ago and, hence, are not MED 

related. The vocs fall into two broad classes (i.e., toluene and 

chlorinated aliphatics). Toluene was detected throughout the 

facility in the near-surface soils, with a migration pattern of 

high to low, indicating very recent deposition with limited depth 

penetration. Because biodegradation and volatilization would have 

removed near-surface toluene that was released 50 years ago, it is 

not considered to be an MED-related chemical. The chlorinated 

aliphatics, or degreasers, on the other hand, have a distribution 

pattern of low to high, indicating an older release andjor 

subsurface source. They are tied to general plant operations and, 

because they are not particularly biodegradable, can be long-lived. 

They could be linked with MED activities andjor normal Linde 

operations since 1946. Degreasers found in open areas subject to 

weathering were probably released more recently and are not MED 
related. 

Subsurface Bedrock in the Vicinity of Old Injection Wells at Linde 

Radionuclides. During the 1988-89 first-phase activities, 

elevated radioactivity was detected during a scan of a geological 

core sample taken near the southern set of old injection wells 

(monitoring well B29WlOD). To confirm the existence of 

radionuclides in the deep subsurface [30m (100ft)], two 

additional boreholes were advanced near B29WlOD and the three 
injection wells. 

The first offset borehole (LIWR0#1), within 0.3 m (1ft) of an 

injection well, was drilled to bedrock and cored to 36.3 m (119 ft) 

[approximately 9 m (30ft) into bedrock]. During drilling, 

adjacent wells reacted to drilling water circulation. Fill 

material in the closest injection well subsided 2 m (6 ft) during 
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drilling, and gas bubbled out of the water in the small injection 

well. The bubbles ceased when drilling stopped, which indicates 

that a hydraulic connection exists between the injection wells and 

LIWR0#1. 

A subsurface gamma log (Table 4-13) and gamma scan (Table 4-14) 

of the core material from LIWR0#1 indicated elevated gamma 

radiation at a depth of approximately 30 m (100 ft); therefore, a 

core sample was 

radionuclides. 

and thorium-232 

collected at this depth and analyzed for 

Uranium-238 (176 pCi/g), radium-226 (1.3 pCi/g), 

(0.4 pCijg) were detected. The core had a visible 

layer of yellow material within a small fracture zone. 

A second borehole (LIWR0#2), approximately 3.3 m (11ft) from 

LIWR0#1, was drilled to bedrock and cored to 32m (105m). There 

was no evidence of hydraulic connection. A subsurface gamma log of 

this borehole did not ind~cate elevated radioactivity (Table 4-15). 

Scanning of core material from LIWR0#2 also indicated low values in 

comparison with core material from LIWR0#1 (Table 4-16); therefore, 

samples were not collected from LIWR0#2. 

The radioactivity found in LIWR0#1 is most likely part of the 

precipitated materials that Linde reported as causing the wells to 

plug. The absence of this material 3 m (10 ft) from the injection 

well suggests a limited injection zone. 

surface Water and Sediments at and near Linde 

Surface water and sediments were sampled for analysis of vocs, 

metals, and radionuclides at a variety of ~ocations at and near 

Linde (Figures 2-16 and 2-18). Sampling for nonradiological 

parameters was conducted in November 1988 and for radiological 

parameters in July 1988. For purposes of analysis, these sampling 

locations have been divided into two group: offsite (upstream and 

downstream on Twomile Creek) and onsite. This division also 

reflects the work done before the RI. 

Offsite. Sampling location 4 is a control sampling point 

located just off the Linde property line, upstream of the creek's 

entrance to the property. Sampling locations 1, 2, and 3 are to 

the north of the property; location 1 is just off the Linde 
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property line, and the others are located consecutively at selected 

intervals. Location 4 should represent water and depositional 

contaminants that may originate upstream of the property; 

comparison of the data for locations 1 and 4 should give an 

indication of the influence of the property on creek water and 

sediment quality. 
Trans-1,2-dichloroethene was the only voc detected in the 

surface water at location 4; it was also detected at similar levels 

at location 3 but not at locations 1 or 2 (Table 4-17). Toluene 

was detected in the sediments at downstream locations 1 (1 ppb) 

and 2 (4.3 ppb) but not in the upstream sediments (Table 4-18). 

Linde property soils have been shown to contain toluene at all 

locations sampled; therefore, toluene detected in the downstream 

sediments is probably either related to ongoing plant operations or 

a laboratory artifact. Given t~at MED operations ceased nearly 

50 years ago, and given the susceptibility of toluene to 

biodegradation and volatilization as well as its solubility limits, 

these low levels of toluene are probably not attributable to MED 

operations. A physical description of grain size in sediment 

samples was not determined. A direct comparison of the metal 

results for the different locations is not practical because fines 

generally contain more heavy metals than do sands; therefore, 

similar soils are required to determine differences in sampling 

results. Samples from locations 3 and 4, because of their lower 

aluminum content (aluminum being a major constituent of clays), 

appear to have fewer fines than samples from locations 1 and 2. 

Thus, concentrations of heavy metals in sediments immediately 

downstream from the property (location 1) appear to be slightly 

higher than in sediment at upstream locations (Table 4-19). For 

the most part, however, all concentrations are within the 

background range for Tonawanda soils. (Using Tonawanda soils as 

background is logical because Twomile Creek originates in 

Tonawanda.) The results for location 2 are slightly elevated 

compared with their true values because of a high moisture content. 

All metals concentrations are reported on a dry weight basis, and 

the sample from location 2 had a moisture content of greater than 

50 percent, which raises the reported value when the dry weight 
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formula is employed. On a wet weight basis, the metals values for 

location 2 are __ ower than for location 1, implying a decrease in 

concentration Wlth distance from the source area. Given that Linde 

is overlain primarily with fill consisting of fly ash, clays, and 

slag, sediments immediately downgradient would be expected to be 

affected by sediment runoff from the property and contain elevated 

levels of some metals. Downstream surface water samples also 

indicated increased levels of metals in Linde fill material (e.g., 

calcium, magnesium, and manganese) (Table 4-20). 

PAHs were found in most of the surficial soils sampled at 

Linde. These organics are strongly sorbed to clay and organic soil 

compounds and, hence, would likely be detected in sediment samples 

from the storm sewer system and downgradient of Linde. The 

analytical data indicate the presence of a number of PAHs at 

upstream location 4; a similar mix with similar concentrations was 

found at location 1. Locations 2 and 3, downstream from location 1 

show considerable PAH contamination (see Table 4-18). Either this 

contamination originated from a source other than Linde, or some 

samples were taken from inappropriate locations (€.g., on the bank 

rather than in the creek bed). Regardless, these PAHs are not 

related to MED activities. 

Radionuclides in surface water and sediments were also 

analyzed; results are presented in Tables 4-19 and 4-20. 

onsite. Before and during the RI, several locations at Linde 

were sampled to determine whether contamination at the property was 

the source of offsite contamination in surface water and sediment. 

Because no offsite downstream surface water samples indicated 

radioactive contamination, surface water samples taken onsite at 

Linde were not analyzed for radionuclides. Most of the locations 

sampled were either sumps, storm drains, or sanitary sewers (see 

Figures 1-11 and 1-12). The results of an investigation in 1981 

indicate that radionuclide levels are elevated in both water and 

sediments in portions of the storm drain and sanitary sewer systems 

as well as in sumps (see Tables 1-2 and J-3). The 1988-89 sampling 

did ~ot reinvestigate the 1981 sampling cations. Analytical 

results for samples collected from storm drain locations during 

1988 were at or near background for radionuclides; those collected 

503_0064 (12/28/92) 4-30 



in the Building 30 sumps were above guidelines (Table 4-21). 
Because sediments that were deposited from 1943 to 1946 and found 

to be contaminated in 1981 would not likely disappear between 1981 

and 1988, it can be assumed that portions of the drain systems at 

Linde are contaminated with MED-related radionuclides. 

Analyses for metals, BNAEs, and VOCs were also performed on 

sediment and surface water samples taken from onsite locations at 

Linde. Analytical results indicate the presence of slag-rich (high 

calcium and magnesium) sediments that have been contaminated with 

PAHs, degreasers, gasoline (BTEX), and heavy metals. Given that 

storm drain sewers do not provide areas of thick sedimentation and 

do have a high ratio of air space to solids, the presence of 

degreasers and BTEX in the sediments would indicate recent 

deposition. This is because these chemicals have a relatively high 

Henry's Law constant (see Section 5.1.2) and are somewhat soluble; 

therefore, they would tend to dissolve and be diluted out or 

evaporate from the sediments within a relatively short period of 

time (i.e., weeks). Therefore, they cannot be related to MED 

activities conducted almost 50 years ago. 

The distribution of heavy metals and PAHs in these sediments is 

very similar to that found in the waste oil/fly ash mixtures in 

surface soil at Linde, which is to be expected because the 

sediments are surface soils that have been deposited by runoff. 

Radioactive contamination, even in surface soils, has not been 

detected in the area of location 16 or 15, but the sediment samples 

taken at location 16 contain some of the highest concentrations and 

greatest variety of PAHs and heavy metals detected in sediments at 

the property. This is a further indication that these contaminants 

are associated with facility vehicular traffic and fill and not 

with MED activities. 

In addition to the PAHs that are commonly associated with waste 

crankcase oils (Bjorseth and Dennis 1979), several phthalates and 

dibenzofurans were detected in the sediment. Phthalates are not 

generally associated with any present or past activities at Linde, 

and there is no obvious explanation for their presence. 

Dibenzofurans are usually associated with incomplete combustion of 

organic carbon. Their presence at a facility located in an 
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industrial area is not surprising and is probably not associated 
with MED-related activities. 

vocs detected in onsite surface water mirror those detected in 
onsite sediments and include mainly chlorinated aliphatics 
(degreasers) and toluene. Several of the chlorinated aliphatics 
are found at levels above MCLs (Tables 4-4, 4-22, and 4-23). The 
VOCs detected are not MED related (see previous discussion). PAHs 
were detected in surface water at locations 6, 8, and 12, with the 
majority being found at location 12 (Table 4-23). The metals 
results indicate that these samples were slightly turbid. Hence, 
the PAHs are present as suspended solids, rather than in solution, 
which would be expected because they have very low solubilities. 
The PAHs detected are not MED related (see previous discussion). 
Several trace metals were detected in onsite surface water samples; 
these metals were also found in sediments and, like the PAHs, are 
probably present in the water as suspended solids rather than in 
solution (the samples were total, not filtered). 

Because no offsite downstream surface water locations contained 
radioactive contamination, surface water samples taken onsite at 
Linde were not analyzed for radionuclides. 

Summary. Radionuclide concentrations in sediments at the 
locations sampled both upstream and downstream from Linde were at 
or near background levels (see discussion of Ashland surface 
water). This indicates that there is no radioactive contamination 
at these locations that can be attributed to MED activities, 
despite the fact that a considerable amount of radioactive effluent 
was discharged to the creek during ore extraction operations in the 
1940s. Some onsite storm and sanitary sewer locations that were 
sampled by ORAU in 1981 exhibited above-guideline levels of 
radioactivity. These locations were not resampled during the RI. 
The locations that were sampled in 1988 did not contain any 
radionuclide concentrations exceeding background; nonetheless, some 
portions of the sanitary and storm sewer system must be considered 
contaminated. 

Sediments in Twomile Creek appear to be contaminated from the 
mouth of the creek (location 18 in Table 4-22) through location 3, 
which is significantly downstream from Linde, where PAHs were 

503_0064 (12/28/92) 4-32 



detected. While PAHs have been detected both in the sewer 

sediments and in surficial soils on Linde, it would be very 

difficult to determine the relative contribution of the onsite 

contamination to the PAH contamination found in Twomile Creek 

sediment. Furthermore, it is highly unlikely that this 
contamination is related to the MED activities conducted 50 years 

ago. 
Only trace levels of vocs were detected in offsite sediments 

and surface water. on the other hand, samples from onsite sediment 

and surface water locations contained a number of 
degreaserfgasoline components, whose presence apparently resulted 

from surface runoff at the plant and reflects non-point-source 

contamination from ongoing industrial activities. Given the 
volatility, biodegradability, and mobility of these constituents, 

their presence cannot be attributed to MED activities of the 1940s. 

Finally, while there is some evidence of heavy metals degradation 

of the sediments and surface water just downstream from Linde, the 

property itself is built upon a slag and fly ash fill, which is 

enriched in heavy metals. In addition, waste crankcase oils and 

vehicular activity in general contribute heavy metals to surficial 

soils; in turn, these metals can be mobilized by precipitation to 
storm sewers and general site runoff. 

Buildings at Linde 

The primary types of contamination found in buildings at Linde 

were fixed beta-gamma radiation and dust contaminated with 

uranium-238, thorium-230, and radium-226. Survey data are provided 
in Appendix A. 

Between December 1988 and March 1989, screening surveys were 

conducted in Buildings 14, 31, and 38; a more detailed survey was 
carried out in Building 30. The objective of these surveys was to 

determine whether residual radioactivity exceeds DOE guidelines 

(Table 4-3), not to determine absolute boundaries of contamination. 

Therefore, only general statements on the radiological statuses 

of the buildings are provided. 
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Building 14. This two-story building where uranium processing 
pilot plant operations were conducted is currently .. sed for 
offices, research laboratories, and fabrication fac_lities. 
Figure 4-6 shows the floor plan and summary statistics for 
Building 14. 
Appendix A. 

Measurement locations and survey data are given in 
The fixed-point beta-gamma measurements ranged from 

less than 720 to 278,420 dpm/100 cm2 ; guidelines are 

5,000 dpm/100 cm2 averaged over 1 m2 (10.8 ft2 ) and 

15,000 dpm/100 cm2 maximum. 
All readings that exceeded DOE guidelines were taken in the 

first floor in the center of the building where the tile and carpet 
had been removed. The highest reading was at the bottom of the 
staircase between the upper and lower levels of the first floor. 

Survey results indicate that most of the first floor contains 
fixed residual radioactivity exceeding DOE guidelines. The second 
floor appears to be free of contamination. 

A sample of dust from the basement stairwell contained 
590 pCi/g of uranium-238, 0.4 pCi/g of radium-226, and less than 
1.0 pCi/g of thorium-230. This confirms the direct readings and 
indicates the presence of radioactive contamination in Building 14. 

Building 30. This one-story building was used as the primary 
processing building for the first two phases of the uranium 
processing operations. It is currently used as a shipping and 
receiving warehouse; occupancy is regulated by the New York State 
Department of Labor because of the presence of residual 
radioactivity. 

A walkover gamma radiation survey of Building 30 revealed that 
most of the floor area with contamination exceeding DOE guidelines 
was in the southern third of the building. Appendix A contains 
averages of the floor survey data. 

The highest measurements of fixed alpha and beta-gamma activity 
on walls were taken on an interior wall in the northeastern section 
of the building. The highest level of radioactive contamination 
was found on ceiling beams. Appendix A contains averages of the 
wall survey data and point measurements of support structures, 
lights, heaters, and holes in walls. Figure 4-7 shows the floor 
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plan of Building 30 and srimmarizes survey results. Fixed-point 

beta-gamma measurements ranged from 520 to 726,580 dpm/100 cm2
• 

Dust samples collected from the rafters, vent fan, and overhead 

crane showed uranium-238 concentrations ranging from 110 to 

4,100 pCifg, 

2;200 pCifg, 

3,800 pCifg. 

radium-226 concentrations ranging from 27 to 
and thorium-230 concentrations ranging from 7.1 to 

These concentrations show that dust throughout the 

building is contaminated. 

Building 31. This two-story build~ng where uranium dioxide was 

fluorinated to produce uranium tetrafluoride is currently used for 

maintenance and o!fice space. Previous surveys did not identify 

any contamination in excess of DOE guidelines. Because Building 31 

was thought to be free of contamination, a less detailed survey was 

conducted. Figures 4-8 and 4-9 summarize the survey results; 

Appendix A contains survey data. Fixed-point beta-gamma 

measurements on roof vents ranged from 44 to 8,515 dpm/100 cm2
, but 

only two readings were above the 5,000 dpm/100 cm2 guideline. 

Building 38. This one-story building was also used for 

fluorination of uranium dioxide to produce uranium tetrafluoride. 

It is currently used for storage; because of its poor condition, it 

will likely be demolished rather than decontaminated. Use of the 

building is regulated by the New York State Department of Labor 

because of its high gamma radiation levels. The northern wall had 

fixed alpha and beta-gamma radioactivity above guidelines; the 

maximum alpha reading was 29,500 dpm/100 cm2 , and fixed-point 

beta-gamma measurements ranged from 650 to 380,340 dpm/100 cm2
• 

Contamination was also found at several locations on the rafters; 

the maximum fixed alpha reading was 35,000 dpm/100 cm2
, and the 

maximum beta-gamma reading was 732,610 dpm/100 cm2 • Most surfaces 

.in Building 38 had levels of fixed contamination exceeding 

recommended DOE guidelines, but no removable contamination 

exceeding DOE guidelines was detected on floors or walls. The 

highest levels of contamination were found on the ceiling beams and 

headers. Survey results for Building 38 are summarized in 

Figure 4-10; survey data are contained in Appendix A. 

A sample of dust from the ceiling beams in Building 38 

contained 42,000 pCi/g of uranium-238, 26 pCi/g of radium-226, and 
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less than 31 pCi/g of thorium-230. These levels confirm the direct 
measurements and indicate the presence of radioactive contamination 

on the ceiling beams. 
summary. Of the four buildings that were investigated for 

radioactive contamination, three (Buildings 14, 30, and 38) were 
found to have extensive fixed contamination above DOE guidelines. 
This contamination was primarily found on floors. Dust in rafters 
and ceiling fixtures was also found to have radioactive 
contamination. With the exception of two points on the roof vents, 
Building 31 was not found to be contaminated. 

Subsurface storage vault at Linde 

Radioactive waste may be contained in a subsurface vault 4.6 m 
(15.1 ft) from Building 73. A 1946 drawing of the Linde property 
shows the approximate location of a "radioactive vault," and the 
area was identified during the RI as a data gap needing further 
investigation. A copy of the pertinent portion of the 1946 drawing 
is shown in Figure 2-6. 

Results of the GPR investigation are presented graphically in 
Figure 4-11. The anomalous area is approximately 3 by 6 m (10 by 
20 ft) and is cent~red on station 1+30 north and 0+12 east. The 
data delineate a buried feature consistent with the location of the 
suspected buried vault. The top of the vault is believed to be 
0.6 to 1.2 m (2 to 4 ft) below ground surface. Walkover gamma 
scans of the subsurface vault area do not show any surface 
radioactive contamination4 

Appropriate investigation of the subsurface vault would require 
excavation of the vault before attempting to determine its 

contents; an accidental breach of the vault during drilling would 
endanger the health and safety of the investigating personnel and 
could release radioactive or mixed wastes. The vault will remain 
in place until further investigations can be conducted during the 
chosen remedial action. 

503_0064 (12/28/92) 4-36 



Air at Linde 

No direct measurements of air quality were made during the RI. 

Any MED-related radioactive or metals contamination that could 

enter the air pathway during remedial action will be addressed, 

before remedial action begins, as part of the standard worker 

health and safety program. 

4.2.2 Ashland 1 

First-phase site characterization activities were conducted at 

Ashland 1 from october 1988 through March 1989 to determine whether 

MED-related filter cake material was still present and to determine 

the migration potential of the material to groundwater, surface 

water, and sediment. 

Second-phase selective investigations were conducted from 

November 1990 through May 1991 to further refine the boundaries of 

radioactive contamination in the soil and determine the potential 

for RCRA-hazardous waste in the soil. 

Soil Characteristics at Ashland 1 

The Ashland 1 property has a brown, naturally occurring clay 

that is overlain by o to 2.1 m (0 to 7 ft) of fill. This fill 

consists of varying degrees of slag, MED filter cakes, disturbed 

clays, gravel, free oil, and other refinery-related materials. The 

materials originally associated with MED activities were disturbed 

when Ashland Oil purchased the Haist property and constructed a 

bermed area to hold two petroleum product storage tanks. The 

bermed area is located in the central portion of the property. 

As at the Linde property, the presence of materials other than 

the MED filter cake that may contain elevated levels of metals 

[slag (calcium, magnesium, manganese, and iron) and oil refinery 

wastes (arsenic, chromium, and lead)] and organics (oil refinery 

wastes and accidental releases) will complicate the analysis. 

Unlike Linde, however, there does not appear to be a large quantity 

of fly ash in the Ashland 1 fill. This means that elevated levels 
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of radionuclides are probably attributable to MED activities and 

not to other sources. 

surface and Subsurface soils at Ashland 1 

Radionuclides. The RI results showed that the area of 

radioactive contamination found by the ORNL survey (see 

Figure 1-14) is a fairly accurate representation, except that the 

radioactive contamination does not extend as far south of Ashland 1 

as the ORNL survey indicated. 

The RI results_also indicated that the elevated radionuclide 

concentrations occur in the southern section of Ashland 1, but the 

boreholes just south of this area show no radioactive 

contamination. This implies there has been minimal natural 

migration from the original points of deposition and their mixing 

by Ashland within the former Haist property perimeter. 

The primary radioactive contaminants in the Ashland 1 soil are 

thorium-230, uranium-238, and radium-226. No thorium-232 

concentrations exceeded guidelines, which is expected. Thorium-230 

is the primary contaminant in the areas outside the Ashland 1 

property boundaries (i.e., west and north of Ashland 1). 

Table 4-24 provides minimum, maximum, and mean concentrations of 

the radionuclides; analytical results are also provided in 

Appendix A. 

Figure 4-12 shows the approximate areal extent and depths of 

the contaminated areas at Ashland 1. The estimated depths of 

contamination are conservative because when only a lens of 

contamination is found [e.g., between 1.5 and 2.1 m (5 and 7ft)], 

all soil above the contamination [0 to 1.5 m (0 to 5 ft)] is 

considered to be contaminated. 

The greatest depth of suspected contamination is found in 

borehole B03R42A at 4.5 m (15ft), but it is thought that 

contamination was introduced to that depth when a PVC pipe was 

installed in the borehole to allow gamma-logging; no other 

boreholes show radioactive contamination below 3.3 m (11 ft). The 

varying depths of contamination at Ashland 1 are a result of 

excavation activities that occurred after MED activities ceased. 
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At the same time the bermed area was being constructed, a 
drainage ditch was excavated to collect runoff from the berms and 
transport the water offsite. The drainage ditch runs westward 
along the northern property line of the Ashland Oil Refinery, under. 
Seaway, and onto Ashland 2. The radioactively contaminated areas 
west of Ashland 1 lie along the drainage ditch. The depth of 
contamination varies from 0.15 to 1.8 m (0.5 to 6ft). 
Contamination in these areas may have been deposited during 
construction of the berms and ditch. 

Thorium-230 concentrations exceeding guidelines, predominantly 
between the surface and 0.6 m (2ft), are found throughout the 
contaminated areas both on and off of Ashland 1. The higher 
thorium-230 concentrations are primarily in the southern portion 
and along the northern property line of Ashland 1. 

Uranium-238 contamination in conjunction with either 
thorium-230 or radium-226 or both and in the southern and western 
portions of the property. Because of mixing, there is no apparent 
pattern in the depth of uranium-~38 contamination, and only one 
offsite borehole shows uranium-238 concentrations exceeding 
guidelines. 

Radium-226 contamination, less frequent than either thorium-230 
or:'uranium-238 contamination, is found in the southern and western 
portions of Ashland 1. The occurrence of radium-226 is expected to 
be less frequent because the MED filter cake at Ashland 1 is 
derived from the radium-poor American concentrates, not the 
radium-rich African ores. As with the other radionuclides, there 
is no apparent pattern in the depth of radium-226 contamination. 
No offsite boreholes show radium-226 concentrations exceeding 
guidelines. 

During the first phase of the RI, a sample collected from 
B03R33 failed the EP toxicity test for chromium. Samples from this 
borehole also showed radioactive contamination. Additional 
sampling was required during the second phase of the RI to provide 

supplemental information on the depth of radioactive contamination 
in the area where chromium contamination was detected. Radioactive 
contamination was.detected in B03R33A, B03R131, B03R132, and 

B03R133 to a depth of 2.4 m (8ft). Results are presented in 
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Appendix A. Chromium will be included in the discussion of 
"RCRA-characteristic waste." 

Also during the first phase of the RI, a limited number of 
samples were collected from the eastern portion of the bermed area. 
Although previous radiological surveys had not indicated that the 
eastern area was contaminated, these samples showed radioactive 
contamination; therefore, to refine the contamination boundaries 
and depths, five boreholes were drilled during the second phase of 
the RI. In the eastern portion of the bermed area, surface 
contamination (ground surface to 15 em (6 in.)] was detected in 
B03R134 and B03R137, and subsurface contamination was detected to a 
depth of 0.6 m (2 ft) in B03R135. Results are presented in 
Appendix A. 

RCRA-characteristic waste. One sample (B03R33) of the 
12 analyzed for EP toxicity was found to be EP-toxic for chromium. 
The sample interval tested had a total chromium concentration of 
812 ppm and contained stage 2 filter cake. The filter cake, while 
generally containing levels of chromium that exceed background, 
rarely contains chromium at over 100 ppm, and none of the samples 
tested that contained Stage 2 filter cake have chromium at over 
200 ppm except those from this location. In addition, the metals 
in the MED-related filter cakes are rather insoluble because of the 
flocculation process that removed them from solution; therefore, 
the metals would not leach. This conclusion is supported by an 
analysis of the overall metals data, which does not indicate 
migration of heavy metals into natural soils below areas containing 
filter cake. Examination of the boring log reveals a clay and 
gravel fill to 2.1 m (7 ft) with slag and black clays with oil. 
The oil is an indication of the presence of refinery wastes, which 
can contain high levels (greater than 500 ppm) of chromium 
(EPA 1979). For example, shop oil emulsions contain similar levels 
of chromium in a hydroxide form that is relatively soluble. The 
sample results, nature of the filter cake, and boring log indicate 
that the sample being tested is a mixture of MED filter cake and 
another waste stream (e.g., oil) that contains more soluble forms 
of chromium. 
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The second-phase investigation of this area included drilling 

four additional boreholes surrounding B03R33. 
failed the TCLP test for metals (Table 4-25). 

None of the samples 
Ultimately, while 

the soluble chromium is not MED related and was not detected in the 
second-phase investigation, soluble chromium may be mixed with MED 
filter cake; therefore, during remediation, this area may require 
treatment as an area of RCRA-characteristic and radioactive mixed 

waste. 
organics. Ashland 1 should have been a depository of only 

MED-related filter cake. As at Linde, there should not be any 
organic compounds associated with the disposed materials. However, 
BNI did analyze for organic compounds at several locations. voc 
samples were collected at 29 locations, and BNAE samples were 
collected at 8 locations. With detection limits generally at 1 ppb 
for volatiles, the sampling results indicate very little VOC 
contamination in the Ashland 1 soils (Table 4-26). BNAE 
contamination, when present, consisted predominantly of phthalates 
and PAHs. BNAEs were detected in 7 of the 8 samples analyzed. In 
addition to specific compounds detected, the laboratory reported a 
number of petroleum hydrocarbon-related TICs, which can give an 
indication of the origin of the organics. 

No vocs or BNAEs were detected in B03R13; however, some 
MED-related filter cake was found at this location. 

B03Rl4 had very low levels of toluene (1.1 ppb), detected in 
the 0- to 0.6-m (0- to 2-ft) interval; no other volatiles were 
detected in that or subsequent intervals. On the other hand, 
various PAHs were detected in the first sampling interval, with 

diminishing concentrations in the 0.6- to 2.4-m (2- to 8-ft) 
interval composite. Phenanthrene was the only organic compound 

detected in the 3.6- to 5.2-m (12- to 14-ft) interval. The boring 
logs note the presence of visible oil in the o- to 2.4-m (0- to 
8-ft) interval. Whi~e it can be argued that the MED operations may 
have used some oils during 1943 through 1946, it does not seem 
reasonable, given the grading work done by Ashland Oil to prepare 

Ashland 1 for storage tank construction and the fact that oil 
products were handled at this location, to assume that the organics 
are related to MED operations rather than to the operational oil 
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facility. This conclusion is supported by the fact that no 

MED-related metals or radionuclides were detected at this sampling 

location. 

Toluene was detected at 54 ppb in the o- to 0.6-m (0- to 2-ft) 

interval of B03R17. No other vocs were detected. Analysis for 

BNAEs was not performed. The boring log does not indicate the 

presence of visible oil. However, the o- to 0.6-m (0- to 2-ft) 

interval contains MED filter cake. The toluene cannot be related 

to the MED contamination because it could not exist in a humid 

climate in the shallow soil for 50 years. Its presence at depths 

no greater than o to 0.6 m (0 to 2 ft) also indicates a relatively 

recent release. 

No vocs were detected in B03R26. A number of PAHs and 

phthalates were found in the o- to 0.6-m (0- to 2-ft) interval, as 

was benzoic acid (a degradation product of toluene) at a 

concentration of 700 ppb. Recovery for the next two sampling 

intervals was poor, and a 1.8-m (6-ft) sample was composited using 

more soil from the deeper intervals than from intervals near the 

surface. No BNAEs were detected in the 0.6- to 2.4-m (0- to 6-ft) 

composite, but the borehole contains MED filter cake. 

At B03R33, toluene (13 ppb) and methylene chloride (4.6 ppb) 

. were detected in the o- to 0.6-m (0- to 2-ft) interval, and 

methylene chloride (1,700 ppb) was detected in the 1.8- to 2.4-m 

(6- to 8-ft) interval. This borehole also had MED filter cake at 

concentrations increasing with depth from the surface to 2.4 m 

(8 ft) deep and PAHs at varying concentrations (see Table 4-26) 

that decrease with depth throughout the soil column. The boring 

log indicates the presence of oil in the 1.8- to 2.1-m (6- to 7-ft) 

interval. The most logical explanation for the presence of 

methylene chloride at elevated concentrations in this sampling 

interval is that it is bound to the oil residues identified in the 

logs and became associated with the MED-related filter cakes during 

excavation to prepare the area for construction. There does not 

appear to be any other transport mechanism that would move the 

methylene chloride to 2.1 m (7 ft) and keep it there. If methylene 

chloride were not bound to the oils designated in the boring log, 

it should be dispersed throughout the soil column by soil gas 
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diffusion. If the methylene chloride were exclusively associated 

with MED filter cake and bound to radioactive contamination, then 

it should also be found with the MED filter cake in the second 

sampling interval. 
Methylene chloride (8,000 ppb) was detected in the 1.8- to 

3.0-m (6- to 10-ft) composite at B03R40, but not in the shallower 

soil sampling intervals. No other VOCs were detected. PAHs were 

abundant in the 0- to 0.6-m (0- to 2-ft) interval (Table 4-26), 

with diminishing concentrations in the 0.6- to 1.8-m (2- to 6-ft) 

interval. The boring log mentions that the 0- to 1.8-m (0- to 
6-ft) interval had a petroleum-like odor, and the laboratory 

reports numerous unknown TICs that resemble long-chain 

hydrocarbons. No PARs were detected in the 1.8- to 3.0-m (6- to 

10-ft) interval, but the detection limits were slightly higher 

(710 ppb as opposed to 490 ppb). Diethylhexyl phthalate was 

detected at 1,500 ppb in the 1.8- to 3.0-m (6- to 10-ft) interval, 

but nowhere else in the borehole. In the o- to 3-m (0- to 10-ft) 

interval, some MED filter cake was mixed with clays, crushed 

gravel, and slag; the percentage of filter cake increased with 

depth. Given the distribution of PAHs, their presence obviously 

resulted from a surface spill of petroleum-related material, not 

from MED activities. The isolated detection of both methylene 

chloride and diethylhexyl phthalate in the 1.8- to 3-m (6- to 

10-ft) interval (but at not shallower depths) is not readily 

explainable. Because methylene chloride is relatively volatile, 

has a high Henry's Law constant, and is readily biodegradable in an 

aerobic environment (Howard 1991), its presence is probably not 

related to the 50-year-old weathered filter cake. It is odd, 

however, that the only other detection of methylene chloride at 

elevated concentrations was in the same depth interval at a 

location 105m (350ft) due north {B03R33). 

Chloroform (1.3 ppb) and toluene (57 ppb) were detected in the 

1.2- to 1.8-m (4- to 6-ft) interval at B03R50. Toluene was also 

detected in the 1.8- to 3-m (8- to 10-ft) interval (9.1 ppb). No 

other vocs were.found. The PAHs displayed their typical 

distribution pattern, with elevated concentrations in the o- to 

0.6-m (0- to 2-ft) interval and the number and concentrations of 
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PAHs decreasing with depth (Table 4-26). Phthalates were also 

detected between 1.2 and 1.8 m (4 and 6ft), but no BNAEs were 

detected between 3 and 3.6 m (10 and 12ft). The boring log notes 

the presence of visible free oil in the o- to 1.3-m (0- to 4.6-ft) 

interval; the oil is probably the source of the PAHs. There is no 

filter cake in this interval; however, filter cake is present 

between 1.2 and 1.8 m (4 and 6ft). [There was no recovery from 

the split spoon sampler in the 0.6- to 1.2-m (2- to 4-ft) or 1.8-

to 2.4-m (6- to 8-ft) intervals]. Given the physical properties of 

toluene (i.e., mobile in soils, volatile, biodegradable), its 

presence in this borehole is probably related to the oil rather 

than the MED filter cake. 

Toluene was detected at low levels in all three intervals 

sampled in B03R52 (Table 4-26). Ethylbenzene was also detected, 

but only in the 0.6- to 1.8-m (2- to 6-ft) interval. Several PAHs 

were detected in the o- to 0.6-m (0- to 2-ft) interval, but not at 

greater depths (Table 4-26). Radionuclides are at background 

levels in this location, and the organics detected are probably 

related to refinery operations. 

Toluene was the only VOC detected in B03R57 [3 ppb at 0.6 to 

1.8 m (2 to 6ft)]. PAHs were not analyzed for in samples from 

this location. Radionuclides were at background levels. 

No vocs were detected in samples taken from B03R60. Only one 

BNAE was detected [a phthalate in the 0.3- to 1.8-m (1- to 6-ft) 

interval]. Radionuclides were at background levels. 

Metals. Samples from 12 locations were analyzed for metals. 

B03R13 and B03R14 are in the western portion of the property; 

B03R26 is in the south-central portion of the property; B03R30 and 

B03R38 are in the central bermed area; B03R17, B03R33, and B03R57 

are along the northern border; B03R40 and B03R50 are along the 

southern border; and B03R52 and B03R60 were placed in the eastern 

portion of the property. Sampling locations are shown in 

Figure 2-8. Analytical results are summarized in Tables 4-27 

through 4-30. 

Western portion of Ashland 1. B03Rl3 is described in the 

boring log as having a thin veneer of clay loam followed by an 

undisturbed clay. Two intervals were sampled [0 to 0.6 m (0 to 
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2ft) and 0.6 to 1.2 m (2 to 4ft)]. Metals concentrations in the 

first sampling interval reflect the composition of natural soils 

(Table 4-27). However, the concentrations of metals in the second 

sampling interval indicate that the sample is a mixture of soil and 

MED filter cake. The concentrations of metals [cobalt (38.7 ppm), 

copper (33 ppm), lead (41.4 ppm), nickel (84.4 ppm), vanadium 

(55.6 ppm), and zinc (420 ppm)] are higher than in naturally 

occurring Tonawanda clay and have the Stage 2 filter cake 

"fingerprint" of vanadium and lead concentrations that exceed 

background. Radionuclide concentrations are slightly elevated in 

the first sampling interval (thorium-230 at 5.6 pCi/g) but not in 

the second. The gamma log for the borehole indicates contamination 

in the first 0.3-m (1-ft) interval. It appears that the metals 

samples were switched at the time of sampling, so that the 0- to 

0.6-m (0- to 2-ft) sample is disturbed soil and the 0.6- to 1.2-m 

(2- to 6-ft) sample is the natural clay. Hence, a thin surficial 

contaminated zone appears to be followed by clean soils. No 

organics were detected in B03R13. 

B03R14 is described in the boring log as a clay and gravel fill 

with traces of slag and ash to a depth of 3.2 m (10.5 ft) and 

natural clay thereafter. Oil is noted in the soil samples from 

1.8 to A.8 m (6 to 16 ft), occurring in fissures of the native 

material. The concentrations of metals in the o- to 0.6-m (0- to 

2-ft) interval are generally within the background range, except 

for elevated concentrations of calcium (57,700 ppm), magnesium 

(14,600 ppm), and manganese (1,320 ppm), which are probably 

attributable to slag fragments in the sample. There was some 

difficulty in collecting this sample; recovery from the split spoon 

was poor. The 0.6- to 2.4-m (2- to 8-ft) sample also suffered from 

poor recovery. The composited sample contains concentrations of 

metals exceeding background and bears a strong resemblance to MED 

filter cake mixed with slag (Table 4-27). The 2.4- to 3.6-m (8- to 
' 

12-ft) composite sample appears to contain some Stage 2 filter 

cake, but the fingerprint is weak. The 3.6- to 4.2-m (12- to 

14-ft) interval appears to consist of natural metals content, 

although elevated calcium and magnesium concentrations continue to 

be observed. The radionuclide and gamma-log results do not support 
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the interpretation that the materials found in the subsurface are 

MED related; only thorium-230 exceeds background levels. However, 

there is an explanation for this discrepancy. According to the 

boring log, drilling of B03R14 was begun in the afternoon of 

August 3, and samples were taken to a depth of 3m (10ft). The 

work was then abandoned until the next day, when a new 

borehole (B03R14B) was drilled approximately 0.6 m (2 ft) 

from B03R14 (renamed B03R14A). B03R14B was sampled at depths from 

3 to 4.8 ft (10 to 16 ft) for metals and was gamma-logged to 

determine which soil samples from B03R14A would be analyzed for 

radionuclides. According to the gamma log results, B03R14B does 

not contain an appreciable amount of filter cake because the log 

did not show elevated readings. The samples from B03R14A that were 

analyzed for radionuclides were not from the 0.6- to 2.4-m (2- to 
' 

8-ft) interval, where the data for metals indicated the presence of 

Stage 2 filter cake. Hence, based on metals results, B03R14A 

should be considered contaminated with MED-related materials at 

depths from 0.6 to 2.4 m (2 to 8ft), and B03R14B should be 

considered potentially clean based on gamma log results. 

Northern border of Ashland 1. The westernmost of the northern 

perimeter boreholes is B03R17. The boring log describes the first 

1 m (3 ft) as consisting of clay and gravel fill with slag. The 

remaining 1 m (3 ft) is characterized as natural soils. The metals 

data from the first 0.6-m (2-ft) interval indicate the presence of 

MED filter cake (Table 4-28). The metals results are confirmed by· 

the concentrations of thorium-230 (18.0 pCi/g) and sulfate 

(1,610 ppm). The metals data for the 0.6- to 1.8-m (2- to 6-ft) 

interval indicate that the material is a natural clay, with no 

evidence of migration even by the sulfates (114 ppm). Elevated 

radionuclide concentrations are still observed, reflecting the fact 

that soil recovered [0.6 to 1.2 m (2 to 4 ft)] was 0.3 m (1ft) 

fill and 0.3 m (1 ft) natural soils. The metals data for the 

second s·ampling interval are based on 0.3 m (1 ft) of fill and 1 m 

(3 ft) of natural soils. 

Three intervals were sampled in B03R33 [0 to 0.6 m (0 to 2ft), 

0.6 to 1.8 ft (2 to 6ft), and 1.8 to 2.4 m (6 to 8ft)]. B03R33 

is situated on the north-central perimeter of the property. The 
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boring log describes the first 1.8 m (6 ft) as a clay and gravel 

fill mixed with some sand and slag. The 1.8- to 2.1-m (6- to 7-ft) 

interval is noted as a silty clay with oil residues. The metals 

detected in the first sampling interval are from soil taken to 

approximately 1 m (3 ft) because of poor split spoon recovery. The 

high calcium (144,000 ppm) and magnesium (79,100 ppm) levels would 

indicate the presence of slag (Table 4-28). The normal MED 

fingerprint metals are not present with the exception of a very 

high lead value (7,500 ppm). The material from the first sampling 

interval does not appear to be MED related. However, the next 

sampling interval contains high copper (116 ppm), lead (332 ppm), 

vanadium (106 ppm), and sulfate (7,560 ppm) and therefore is 

designated as MED filter cake, as is the third sampling interval. 

The third sampling interval contained 0.3 m (1 ft) fill and 0.3 m 

(1 ft) natural soils. Sampling and gamma log results indicate that 

radioactive contamination is not deeper than 2.1 m (7ft) (i.e., 

undisturbed soil). The third sampling interval had total chromium 

at 816 ppm and failed the EP toxicity test for chromium; therefore, 

this interval contains RCRA mixed waste. Because this interval is 

also described as being oily, a percentage of the chromium (as well 

as lead, nickel, copper, and beryllium) in the matrix is probably 

related to the oil and not to MED material. This conclusion is 

supported by the observation that the concentration of chromium in 

this sample is greater than any other found at the Tonawanda 

properties, and it is the only sample tested with leachable 

chromium (see previous discussion in this section). The presence 

of radionuclides in the first sampling interval probably resulted 

from slight mixing with the underlying filter cake when the spoon 

penetrated into the radioactively contaminated second sampling 

interval. 

B03R57 is located just outside the northeastern property 

boundary of Ashland 1. The boring log describes the first 0.6 m 

(2 ft) as a disturbed clay. The remainder of the material in the 

borehole was classified as an undisturbed native clay. With the 

exception of a slightly elevated lead value (48.8 ppm) in the first 

0.6-m (2-ft) interval, all other metals and radionuclide 
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concentrations are within expected background levels (see 

Table 4-28). 
Southern border of Ashland 1. B03R40 is located near the 

south-central property line. Three intervals were sampled for 
metals [0 to 0.6 m {0 to 2ft), 0.6 to 1.8 m {2 to 6ft), and 
1.8 to 3m (6 to 10ft)]. The boring log describes the first 2.7 m 
(9 ft) of material as a mixture of crushed gravel, slag, and clay 
fill to 2m (6.6 ft), followed by silty clay to 2.7 m {9ft). 
Natural clay is believed to occur below 2.7 m (9ft). The first 
2.7 m (9 ft) were described, based on visual and olfactory 
evidence, as contaminated with oils. There is a weak correlation 
between the metals in the first two intervals, indicating that some 

·MED material has been mixed with the fill (Table 4-29). This 
conclusion is supported by the radiological data and the presence 
of elevated levels of sulfate (9,480 ppm and 3,370 ppm, 
respectively). The third sampling interval [0.9 m (3ft) fill and 
0.3 m (1 ft) natural soil] is MED filter cake mixed with other 
materials. The subsurface gamma log indicates that radioactive 
contamination does not extend t9 a depth greater than 2.7 m (9ft). 

B03R50 is located at the southeastern boundary of Ashland 1. 
The boring log describes the first 1.5 m (5 ft) as a clay and 
gravel fill with interspersed slag and some of the clay being 
saturated with oil. Between 1.5 and 3 m {5 and 10 ft) is a silty 
clay fill. 
(10ft). 

An oily residue overlying natural clays is found at 3 m 
The metals data {Table 4-29) for the first 0.6-m (2-ft) 

interval do not indicate the presence of MED-related materials, 
although sulfates are slightly elevated (637 ppm). The levels of 
calcium and magnesium indicate the presence of slag. Radionuclide 
concentrations are at or below background. The second sampling 
interval, which includes a part of the silty clay, is MED-related 
filter cake. The concentrations of rad.ionuclides found in this 
interval are considerably above DOE guidelines. There was no 
recovery of sample between 1.8 and 3m (6 and 10ft). The downhole 
gamma log readings for this interval indicate that the MED filter 

cake may extend to 2.7 m (9ft). The analytical results for the 
final sampling interval [3 to 3.6 m (10 to 12 ft)] indicate natural 
soils with all metals concentrations within the background range. 
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Radionuclide levels are slightly elevated, indicating that a small 

amount of the overlying filter cake was captured in this sample. 

South-central portion and central bermed area of Ashland 1. 

B03R26 is on the southwestern side of the central bermed area 

(Figure 4-12). The boring log describes a grayish-brown clay loam 

fill with slag to a depth of 1.4 m (4.3 ft). The property's 

characteristic moderate-brown nat~ral clay is found below the fill. 

The fill in the first 0.6 m (2 ft) appears to be MED filter cake as 

indicated by the high lead (1,050 ppm), vanadium (1,070 ppm), 

manganese (2,030 ppm), and copper (1,870 ppm) levels (Table 4-30). 

The recovery for ~he 0.6- to 1.8-m (2- to 6-ft) sampling interval 

was only 0.3 m (1 ft) of soil from 1.2 to 1.8 m (4 to 6 ft). This 

sample also contains MED filter cake. The MED contamination in 

B03R26 probably extends to 1.5 m (5 ft), or less than 0.3 m (1ft) 

into the natural clays; this conclusion is supported by the 

subsurface gamma log. 

B03R30 is in the western portion of the area that was bermed in 

for the petroleum storage tanks. The boring log describes the 

subsurface [greater than 0.03 m (greater than 0.1 ft) deep) as 

being a natural undisturbed clay. With the exception of elevated 

arsenic concentrations in the two intervals sampled (80.3 ppm and 

94.6 ppm, respectively), which may be artifacts of the analytical 

method, the metals results (Table 4-30) indicate that the material 

analyzed is a natural clay; however, this conclusion is not 

consistent with the elevated radiological data. Because 

radioactive contamination was detected to a depth of 1.8 m (6ft), 

there is some question about whether sample results for either the 

metals or the radionuclides were mislabelled. One or both sets of 

data should be considered suspect. 

B03R38 was located in the center of the bermed area. The soils 

are described in the boring log as natural clay from the surface to 

3 m (10 ft). The metals results for the first sampling interval 

[0 to 0.6 m (0 to 2 ft)] have several abnormalities for a "natural" 

clay [i.e., elevated concentrations of calcium (59,100 ppm), 

magnesium (16,000 ppm), arsenic (122 ppm), and vanadium 

(51.6 ppm)). Also the radiological results for this interval 

indicate levels of uranium-238 (9.7 pCi/g), radium-226 (2.1 pCi/g), 
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and thorium-230 (21.0 pCi/g) that exceed background (see 
Table 4-30). There was no soil recovery between 0.6 to 1.8 m (2 to 

6ft). If this were natural clay, recovery would be expected, but 

if the sampling interval contained filter cake, which resembles 

fines, recovery may prove difficult. Results of radiological 

analyses of samples from the 1.8- to 2.1-m (6- to 7-ft} interval 

indicate background levels. Because there are no data for the 0.6-

to 1.8-m (2- to 6-ft} interval and contamination in the 0- to 0 .• 6-m 

(0- to 2-ft} interval could have come from the bottom portion of 

the recovered materials for that interval, B03R38 should be 
conservatively assumed to be radioactively contaminated to a depth 

of 1.8 m (6 ft} until otherwise confirmed. 
Summary. As was found at Linde, the MED-related filter cake 

has generally been mixed with fill clays, gravels, and slag. 

Ashland 1 does not appear to have any quantity of fly ash but does 

have refinery wastes, as indicated by the free oil found in the 

subsurface at several boreholes. The characteristic MED metals are 

found along with radionuclides at elevated levels. The filter cake 

constituents do not appear to be migrating because samples 

collected below filter cake deposits· and in native clays have 

background levels of both radionuclides and metals. The immobility 

of the MED-related materials is further demonstrated by the fact 

that only 1 of 11 samples tested for EP toxicity showed any ability 

to leach heavy metals (e.g., chromium), and that sample appeared to 

have been mixed with another material that may be rich in metals 

(e.g., oil}. The property has considerable PAH contamination in 
the shallow soils [0 to 1.8 m (0 to 6ft}] as the· result of the 

disposal/release of petroleum-derived materials. Although 

sometimes mixed with MED filter cake, the organics were not derived 

from the MED processes, nor were they codisposed of with 

MED-related materials. Methylene chloride was detected at the ppm 

level in two boreholes located approximately 105 m (350 ft) apart. 

Although found with filter cake, the distribution of methylene 

chloride (present in only one s~surface interval} suggests a 

buried source unrelated to MED activities. 
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surface water and Sediment at Ashland 1 (First-Phase Sampling) 

Two sediment and surface water sampling events were performed 

for the first phase of the RI. For the first round of sampling in 

July 1988, an upstream radiological sediment sample was collected 

at location AS-8, and downstream sediment and surface water samples 

were collected at AS-7 (Figure 2-17). During this sampling period, 

AS-8 was dry (i.e., did not contain free-standing water); 

therefore, no upstream water sample could be collected. No samples 

were analyzed for organic compounds or metals. 

In September 1988, another round of surface water and sediment 

sampling was conducted. GS-5, the upstream sampling location, is 

south of Ashland 1. GS-5 is also south of the service road that 

runs along the southern boundary of Ashland 1 and cannot receive 

runoff from Ashland 1. The downstream sampling point (SP-2) was 

situated at appro~imately the same location AS-7. GS-5 and SP-2 

were not sampled on the same day; therefore, the concentrations 

detected are relative but not directly comparable (see 

Figure 2-17). Sampling results are given in Tables 4-31 and 4-32. 

Several grab samples were collected during the first-phase 

sampling of surface waters and sediments near Ashland 1 or on the 

refinery property (Tables 4-33 and 4-34). Location SP-1 is just 

south of background location GS-5 but is not hydraulically 

connected. GS-6 is located northwest of the RCP in a ditch between 
~ 

the Seaway and Ashland Oil properties. Drainage at this location 

is toward the Niagara River and not toward the RCP (see 

Figure 3-4). 

Radionuclides. Water at AS-7 contained uranium (1.7 pCi/L), 

gross alpha (4 pCi/L), radium-226 (1.4 pCi/L), and thorium-230 

(0.9 pCi/L). 

Sediment samples from AS-8 (upstream) contained uranium 

(0.4 pCi/g), radium-226 (0.7 pCi/g), and thorium-230 (0.8 pCi/g). 

These values are within the background range for soils found at the 

Tonawanda properties. AS-7 exhibited elevated levels of 

thorium-230 (3.5 pCi/g). AS-7 was located in a position where it 

would receive runoff waters from the drainage ditch that separates 
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seaway from Ashland 1, from the western portion of Ashland 1, and 

from part of the Ashland Oil Refinery complex (see Figure 2-17). 

Radionuclide concentrations in sediments at GS-5 were at or 

below the background levels for Tonawanda soils. Sediments at SP-2 

contained elevated thorium-230 (9.4 pCi/g) and uranium-238 

(4.5 pCi/g). 

Radionuclide concentrations in sediments at SP-1 were well 

within background levels for soil in the area. Because 

radionuclide concentrations in surface water from previous sampling 

events were low and sediment results indicated that sediments may 

contain radioactiye contamination, surface water at this location 

was not analyzed for radionuclides. GS-4 is near a refinery 

parking lot on the opposite side of the plant from Ashland 1 (see 

Figure 2-17). Radionuclide concentrations in sediments at this 

location are comparable to soil background levels (Table 4-34). 

Surface water was not analyzed for radionuclides. 

GS-6 sediments have elevated levels of thorium-230 (57.0 pCi/g) 

and uranium-238 (4.4 pCi/g). 

Organics. No vocs were detected in the GS-5 water sample; no 

samples were analyzed for BNAEs in the surface water at GS-5. No 

samples were analyzed for VOCs or BNAEs in the GS-5 or SP-2 

sediments. Samples for voc and BNAE analyses were collected 

further downstream (see sections 4.2.3 and 4.2.4). 

Bromoform (5.2 ppb) and trans-1,3-dichloropropene (2.2 ~g/L) 

were detected in the surface water at SP-2. All other vocs were 

below detection limits, which ranged from 1 to 4 ~gfkg. A number 

of BNAEs were also detected at low levels in the surface water 

at SP-2. Most were PAHs; two were phthalates (see Table 4-31). 

Metals. Sediments from GS-5 were found to have elevated levels 

of heavy metals including antimony (3,390 ppm), chromium (641 ppm), 

lead (7,890 ppm), and zinc (2,230 ppm) (Table 4-32). These 

elevated concentrations can be attributed to refinery operations; 

the drainage ditch from which the sample was collected begins at 

and surrounds a small tank farm. The surface water at GS-5 is a 

subtle reflection of the sediments, with the same heavy metals at 

elevated concentrations [antimony (187 ~g/L), chromium (176 ~g/L), 

lead (3,680 ~g/L), and zinc (1,220 ~g/L)] (see Table 4-31). 
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Sediments at SP-2 also have elevated levels of heavy metals, 

but the concentrations are much lower than those found at GS-5. 

The one major difference in the metals detected is vanadium 

(106 ppm), which was not detected at GS-5. The metals data for 

SP-2 indicate the presence of MED-related filter cake, and the 

presence of thorium-230 at levels exceeding background supports 
this interpretation. The most likely transport mechanism would be 

stormwater runoff from Ashland 1 and Area D at Seaway. The surface 

water results indicate high concentrations of heavy metals at SP-2; 

most concentrations were higher than those found at the upstream 

location (GS-5). However, the value for aluminum at SP-2 
{151,000 ppb) indicates that the sample was highly turbid; 

additionally, the metals detected at elevated concentrations in 

surface water were also found at elevated concentrations in the 

sediments. In other words, the SP-2 surface water sample is not a 

clear indicator of which constituents are present in the water in 
the dissolved state. 

Metals data for SP-1 sediments show slightly elevated levels of 

lead (90.6 ppm) and copper (47.6 ppm) but are generally within 

expected background soil levels. Metals concentrations at GS-4 

were also within expected background ranges for area soils 

(Table 4-34). GS-6 metals results indicate elevated levels of lead 

(102 ppm), copper (102 ppm), vanadium (145 ppm}, zinc (1,370 ppm), 

nickel (397 ppm), and chromium (3,150 ppm). The data for 

radionuclides, vanadium, copper, and lead indicate the presence of 

MED filter cake. The high levels of chromium, zinc, and nickel can 

be attributed to refinery cooling towers that are located just to 

the southwest. Soils around cooling towers generally have high 

chromium levels (EPA 1979). Drainage patterns indicate that runoff 

from the towers would be deposited in the ditch where GS-6 is 

located. 

Surface Water and Sediment at Ashland 1 (Second-Phase Sampling) 

Three sampling locations were chosen for the second-phase 

surface water and sediment investigation (1990-91). Location 113 

was in the same Ashland Oil ditch system as GS-5. Location 115 was 
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approximately 45 m (150 ft) from the RCP that runs under Seaway, 
and location 110 was at the intake of the RCP (Figure 2-17). 
sampling results are given in Tables 4-35 and 4-36. 

Radionuclides. As was found for GS-5 in 1988, the levels of 
radionuclides in the background surface water sample at Ashland Oil 
are very low (uranium 238 (1.1 pCi/L), radium-226 (0.3 pCi/L), and 
thorium-230 (less than 0.1 pCi/L)); concentrations in sediment were 
at or below background levels for soils in the area (Table 4-36). 
Surface water sampled at location 115 had elevated levels of 
uranium-238 (470 pCi/L) and diminished levels of radium-226 
(0.4 pCi/L) and thorium-230 (1 pCi/L). 

The sediment at location 115 had elevated levels of uranium-238 

(24 pCi/g) and thorium-230 (5.5 pCi/g). At location 110, 
uranium-238 was detected in the surface water at 28 pCi/L, but 
concentrations of the other three radionuclides were low 
(Table 4-35). The metals data indicate a lack of turbidity. The 
results for this sample represent the first observation of elevated 
uranium-238 concentrations at this location and may be an 
indication of periodic mobilization of the more soluble uranium. 
An elevated concentration at this location seems likely because a 
high concentration (470 pCi/L) was detected upstream at 
location 115. Levels in sediments at location·110 were at or below 
background for soils in the area (Table 4-36). 

Organics. The background sample contained several 
refinery-related vocs at elevated levels [benzene (450 ppb), 
toluene (3,500 ppb), ethyl benzene (45 ppb), and xylenes 
(770 ppb)]. Also detected were several chlorinated aliphatics and 
various phenols that can be attributed to refinery operations 
(Table 4-34). Virtually no organic compounds were detected at 
location 115 (downstream from the background location). The lack 
of detectable organics may be an indication of volatilization and 
dilution. However, samples taken at location 110 (downstream from 
115) did contain benzene (110 ppb) and toluene (5 ppb). The data 
support a conclusion that the drainage ditches have 
refinery-related organic contamination. 

Metals. Metals concentrations in the surface water at 
background location 113 were generally low and do not indicate 
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contamination (Table 4-35). This is also true of samples taken at 

locations 115 and 110. The metals data for location 115 indicate 

somewhat elevated aluminum concentrations (1,250 ppb), which may be 

an indication of minor turbidity. This contamination is probably 

the result of runoff from Ashland 1 and Area D of Seaway. Surface 

water from location 115 also contained vanadium, an MED metal. The 

detection limits for lead and the other MED metals were too high to 

determine whether they are present at the same levels as vanadium 

(Table 4-35). 

Summary. The findings of the first and second phases of the 

investigation at Ashland 1 are in general agreement with results of 

earlier studies indicating moderate surface water degradation by 

organics (most likely attributable to refinery operations) and 

contamination of the sediments by heavy metals and radionuclides on 

the northern side (primarily MED related) and southern side 

(primarily refinery related) of Ashland 1. 

The presence of radioactive contamination in the sediment at 

sampling location GS-6 indicates a potential source for transport 

of radioactive contamination to the Niagara River. The radioactive 

contamination in the ditch may be a result of radioactive material 

washing from Area c down the slopes to the south, as indicated by 

the 1981 FBDU survey of the landfill (see Section 1.3.5). The 

extent of the contamination, both along the ditch and onto the 

Seaway property, has not been determined. 

Air at Ashland 1 

No direct measurements of air quality were taken during the RI. 

Any MED-related radioactive or metals contamination that could 

enter the air pathway during remedial action will be addressed, 

before remedial action begins, as part of the standard worker 

health and safety program. 

4.2.3 seaway 

First-phase site characterization activities were conducted 

from March 1988 through March 1989 to investigate the thorium-230 
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contamination in Area A and to collect radiological samples from 
Area D. Sampling locations are shown in Figure 2-13. 

During the second phase, selective investigations were 
conducted from November 1990 through May 1991 to investigate the 

boundaries of radioactive contamination in Areas A and D and the 
potential for RCRA-characteristic waste. Sampling locations are 

shown in Figures 2-14 and 2-15. In addition, surface water and 
sediments were sampled upstream and downstream of the RCP running 

under Seaway (sampling locations are shown in Figure 2-19). 

Surface and Subsurface Soil at seaway 

Radionuclides. A limited radiological characterization of the 

remaining exposed contamination (i.e., approximately 60 percent of 
the contaminated area) in Area A was conducted during first-phase 
activities to analyze for thorium-230. Results indicated that 
thorium-230 was present at higher concentrations than either 
uranium-238 and radium-226 (Table 4-37). Because Areas Band c 
were covered with approximately 12 m (40 ft) of fill material, 
samples could not be collected to gain information on thorium-230 
contamination. 

During the first-phase walkover gamma radiation scans at the 
Tonawanda properties, radioactive contamination was found to extend 
from Ashland 1 onto Seaway. Sampling of the area revealed a small 

[46- by 46-m (150- by 150-ft)] area of contamination at Seaway. 
The average thorium-230 concentration was 29 pCijg; uranium-238 and 
radium-226 concentrations in all samples collected were less than 
17 and 5 pCi/g, respectively. This small area is referred to as 
Area D. 

The limited radiological characterization data collected before 
the second phase of the RI did not define the boundaries of 
radioactive contamination in Areas A and D. During the second 

phase, a walkover survey was performed, three boreholes were 

drilled in Area A, and 40 locations were hand-augered in Areas A 
and D. Samples were analyzed for uranium-238, radium-226, 

tnorium-232, and thorium-230; results are presented in Table 4-37. 
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Area A. Samples from B23RC19, B23RC20, and B23RC21 were 

collected to depths of 3.6 m (12ft), 7.2 m (24ft), and 9 m 
(30ft), respectively; the maximum depths of contamination were 

2.4 m (8 ft) in B23RC19 and 1.8 m (6 ft) in B23RC21. B23RC20 was 

not, by definition, radioactively contaminated, but it did exhibit 

levels of uranium-238, thorium-230, and radium-226 that exceeded 

background. Surface contamination was detected in B23RC22, 

B23RC27, and B23RC32 in Area A and in B23RC38 outside of Area A. 

No radioactive contamination was found in B23RC26, B23RC29, 
B23RC30, B23RC41, B23RC42, or B23RC56. However, concentrations of 

thorium-230 exceeding background were detected in B23RC26, B23RC41, 

and B23RC56. Subsurface contamination was detected in all 

remaining hand-augered holes (Figure 4-13). In Area A, B23RC40 

contained the highest concentration of thorium-230 (880 pCi/g). 

The primary contaminant in Area A is thorium-230; only one 

sample (B23RC46) showed thorium-232 contamination (21 pCi/g). 

Uranium-238 concentrations exceeded guidelines on several 
occasions.. The material in Area A had a higher ratio of samples 

with high thorium-230 concentrations coupled with low uranium-238 

levels than that observed at Linde or Ashland 1, but the ratio was 

similar to that at Ashland 2. oxidation· reduction conditions may 

be different at the landfill and in the wetlands area than at Linde 

and Ashland 1, and uranium, which is sensitive to these conditions, 

may have been slowly mobilized over the years. This would explain 

the lower uranium-238 concentrations. Thorium-230 is not 

particularly sensitive to reducing conditions and therefore would 

remain immobilized. 

Area D. Radionuclide concentrations exceeding guidelines were 

found in B23RC60 in Area D and B23RC57 and B23RC59 outside of 

Area D. The radioactive contamination is contiguous with the 

contamination identified at Ashland 1 (see Figure 4-12). The 

contamination may have been spread to Seaway during construction of 

the drainage ditch and cutoff wall. The primary contaminant of 

interest in Area D is thorium-230; no thorium-232 concentrations 

exceeded guidelines. 

summary. The investigation identified radioactive 

contamination primarily in the shallow soils of Areas A and D. The 
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samples taken were generally poor in uranium-238, with thorium-230 

being the primary contaminant. This is an indication that 

uranium-238 may be or may in the past have been mobilized. 

However, the deep borings at Seaway (B23RC19, B23RC20, and B23RC21) 

did not exhibit any evidence of uranium-238 contamination at depth. 

RCRA-characteristic waste. Before the RI, no RCRA data had 

been collected at Seaway; therefore, soil samples were collected 

from 3 borehole locations and 12 hand-augered locations (shown in 

Figure 2-15) and analyzed for RCRA waste characteristics by TCLP. 

Results are presented in Appendix E; concentrations of all 
parameters are below regulatory criteria. These results indicate 

that the areas sampled do not contain RCRA-characteristic waste. 

surface Water and Sediment at Seaway 

The fill materials at Seaway overlie a 30-cm- (36-in.-) 

diameter RCP that connects the Ashland 1 drainage ditches to 

Rattlesnake Creek. This conduit may be a preferential pathway for 

landfill leachate and thereby contribute to contaminants located in 

downstream sediments and surface water. The three downstream 

locations of Ashland 1 (AS-7, SP-2, and 110) are upstream from 

Seaway. The respective downstream locations for Seaway are AS-6, 

SP-3, and 111 (Figure 2-17). Sampling results are shown in 

Tables 4-38 through 4-41. For Seaway, the "AS" sampling locations 

were sampled in July 1988, "SP" in August 1988, and 110 and 111 in 

January 1991. 

Radionuclides. AS-6 was dry (i.e., contained no free-standing 

water) during the July sampling event; therefore, no data are 

available for surface water. A sediment sample was analyzed for 

radionuclides; results were at or near background for soil in the 

area (Table 4-39). 

Surface water at SP-3 was not sampled for radionuclides. 

Results for sediment samples taken at SP-3 are similar to those 

obtained earlier for AS-6; concentrations were at or near 

background levels for soil. 

The same general area (location 111) was also sampled during 

the second-phase investigation. Uranium-238 (180 pCi/L) was 
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detected in the surface water: concentrations of the other 

radionuclides were very low (Table 4-40). Uranium-238 was also 

slightly elevated (4.2 pCi/g) in the sediment (Table 4-41). A 

similar pattern was observed for the upstream location (110): 

uranium-238 was above background (28 pCi/L), and the remaining 

radionuclides were at or close to background. Given the known 

locations of filter cake deposition at Seaway, radioactive 

contaminants are not expected to be migrating into the RCP. 

However, because concentrations of uranium-238 are higher in the 

downstream surface water sample than in the upstream sample, this 

possibility cannot be entirely discounted. Radionuclides appear to 

be migrating from Ashland 1 to the Ashland 2 property boundary via 

surface water and sediments (see Section 4.2.4 for evaluation of 

samples collected further downstream). 

Organics. A number of VOCs were detected in the downstream 

surface water at SP-3 (Table 4-38). The two VOCs detected in the 

upstream sample were not detected in any of the downstream samples. 

Several BNAEs were also detected in the surface water at SP-3. Of 

these compounds, pyrene was also detected in the upgradient sample. 

However, the upstream and downstream samples for the first-phase 

sampling at Seaway were taken five days apart: therefore, the 

results are not directly comparable. Sediment samples were not 

collected for organic analysis. 

VOCs detected at location 111 included benzene (44 ~g/L), 

2-butanone (94 ~g/L), and toluene (6 ~g/L) (Table 4-40). Benzene 

and toluene were also found at the upgradient location (110). Of 

the BNAEs analyzed for in samples from location 111, only phenol 

(33 ppb) was detected. No BNAEs were detected at the upstream 

location. 

Metals. The level of aluminum in the surface water sample 

taken at SP-3 indicates a relatively sediment-free sample. The 

data (Table 4-38) indicate that Seaway is having some effect on 

surface water quality: sodium and potassium values are nearly an 

order of magnitude higher than those found at background sampling 

location GS-5. (SP-2 is not appropriate for comparison because 

this sample was very turbid.) No MED-related metals were detected 

in the surface water at SP-3. 
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SP-3 is at a scour point and as such should not be expected to 
accumulate fines with associated heavy metals. The sediment 
sampling results support this interpretation; most of the metals 
concentrations at SP-3 are lower than at SP-2. The one exception 
is chromium (63.9 ppm).· Also, lead (76.9 ppm) and copper 

(60.7 ppm) were detected at concentrations exceeding naturally 
occurring levels in area soils; these elevated concentrations 
indicate that Ashland 1 and Seaway may be impacting the sediments. 
Because the concentrations at the intake of the RCP are higher than 
those downstream, heavy metals potentially leaching into the RCP 
from the landfill are probably not affecting the downstream 
sediments. 

Surface water samples taken at location 111 have slightly 
elevated aluminum values (1,170 ppb), indicating minor turbidity. 
This turbidity is also reflected in levels of trace metals that are 

slightly elevated compared with the levels in the upgradient 
location (110), which had minimal turbidity (aluminum at 276 ppb). 
On the other hand, as was found during the first-phase sampling, 
salts (e.g., calcium, potassium, and sodium) that are commonly 
associated with landfill leachates were detected at considerably 
higher concentrations at the outfall of the RCP (Table 4-39), 
indicating that landfill leachate is entering the RCP. 

Summary. The results of the surface water and sediment 
sampling at Seaway indicate that there is some degradatic~ of the 

surface water leaving the Seaway property. The main constituents 
of interest in surface water appear to be uranium-238 and common 
leachate salts. Radionuclides are the constituents of interest in 
the sediments. The sampling results do not clearly indicate 

whether any trace metals are infiltrating into the RCP. The most 
likely sources, given the upstream data, are runoff from Seaway, 
Ashland 1, and the Ashland Oil refinery into their common drainage 
ditch system. 
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Perched Groundwater system at seaway 

The perched system at Seaway was investigated to determine 

whether radioactive material could be leached by the perched water 

and transported out of the landfill. For this scenario to occur, 

the perched water within the landfill would have to be in contact 

with the radioactive waste material. Three boreholes (B23RC19, 

B23RC20, and B23RC21) were drilled to at least 3 m (10 ft) abov.e 

' the projected original ground surface to prevent penetration of the 

clay liner and to allow water level measurements. B23RC19 was not 
completed to the planned depth because methane gas vented from the 

borehole; drilling was terminated. The boreholes remained open 

overnight to allow the water level to reach atmospheric 

equilibrium. However, the boreholes were found to be dry; 

therefore, it can be concluded that the perched water table is not 

in contact with the radioactive material or leaching radioactive 
materials. 

Air at seaway 

No direct measurements of air quality were made during the RI. 

Any MED-related radionuclide or metals contamination that could 

enter the air pathway during remedial action will be addressed, 

before remedial action begins, as part of the standard worker 

health and safety program. 

4.2.4 Ashland 2 and Ashland 2 South 

The MED-related materials at Ashland 2 are believed to have 

been placed there between 1960 and 1978, when an unknown quantity 

of residues from uranium processing operations at Linde was moved 

from Ashland 1 to Ashland 2. 

The Ashland 2 property was divided into two areas: Ashland 2 

and Ashland 2 South (see Figure 2-10). Samples from each area can 

be identified in the figures by the code prefixes. Sample codes 

beginning with "B32" are associated with Ashland 2 (the area 

identified in previous studies as containing radioactive 
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materials). samples from Ashland 2 South have codes beginning with 
11 B55. 11 Both areas were studied for the presence of radioactive and 
chemical contamination. 

Electromagnetic survey at Ashland 2 

An electromagnetic survey (EM) was conducted in the area of 
known disposal at Ashland 2. Abnormally high readings were 
obtained in the area north of the northern drainage ditch where 
Ashland Oil chemicals are believed to have been disposed of. The 
area between the drainage ditches where MED-related materials were 
deposited had a slight elliptical-shaped abnormality centered on 
E2700 and between N2400 and N2600 (Figure 4-14). 

surface and Subsurface soil at Ashland 2 and Ashland 2 south 

Radionuclides. Ashland 2. During the first-phase activities, 
a walkover gamma survey was conducted, and boreholes 
and hand-augered holes were drilled to confirm the ORNL results and 
to analyze for the radionuclides of interest. Two boreholes were 
completed as monitoring wells after sampling was finished. 
Thirteen boreholes and 12 auger holes had contamination from 
thorium-230, uranium-238, and radium-226. One borehole also had a 
thorium-232 concentration exceeding guidelines. Figure 4-15 shows 
the approximate depths of the contaminated areas at Ashland 2. The 
estimated depths are conservative because if only a lens of 
contamination is found (e.g., between 1.5 and 2.1 m (5 and 7ft)], 
all soil above the contaminated zone is considered to be 
contaminated. 

The primary radioactive constituents in the soil were 
thorium-230, uranium-238, and radium-226. Table 4-42 provides 
minimum, maximum, and mean concentrations of the radionuclides: the 
results from all sampling locations are presented in Appendix A. 

Thorium-230 concentrations exceeding guidelines, predominantly 
between the surface and 1.5 m (5 ft), are found throughout the 
contaminated areas and along the drainage creeks. Thorium-230 is 
the primary contaminant at Ashland 2. 
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Uranium-238 contamination occurs with thorium-230 andjor 
radium-226, mainly in the center of the large contaminated area. 

Uranium-238 concentrations exceeding the proposed guideline (see 

Table 4-3) are predominantly between the surface and 0.9 m (3 ft) 

but extend to a depth of 2.3 m (7.5 ft) at B32R11A. Only one 

location outside Ashland 2 (B32R109) shows uranium-238 
concentrations exceeding guidelines. As was found at Seaway, the 

ratio of uranium-238 to thorium-230 is considerably lower than at 

Ashland 1 and Linde. The fill material at this location was spread 

into a swampy area; while a considerable portion is above natural 
grade, the redox potentials, as well as the expected acidity of the 

soil, will be different from those in well drained soils. 

Uranium-238 is probably being slowly mobilized from the pile into 

both groundwater and surface water. As discussed below, 

uranium-238 was detected at a concentration exceeding background 

(100 pCi/L) in a low-turbidity surface water sample collected at a 
location downstream from the main pile area. 

Radium-226 contamination, found less frequently than either 

thorium-230 or uranium-238 contamination, also occurs mainly in the 

center of the large contaminated area. Radium-226 typically 

appears in the same areas and at the same depths as uranium-238 

contamination. Only one borehole outside Ashland 2 (B32R03) shows 

radium-226 concentrations exceeding guidelines. 

Only one borehole (B32R04) has a thorium-232 concentration 

above guidelines. The elevated concentration (27 pCi/g) appears in 

the top 0.3 m (1 ft) of soil in conjunction with uranium-238, 

thorium-230, and radium-226 contamination. 

The greatest depth of contamination is found in B32R06 at 2.7 m 

(9ft). Contamination at Ashland 2 is deepest in the large area of 

contamination between the two drainage creeks. Smaller areas 

located throughout the property have shallower contamination, 

typically 0.15 to 1.5 m (0.5 to 5 ft). The highest concentrations 

occur in the center of the large contaminated area, primarily in 

the top 1.5 m (5 ft) of soil. 

The first-phase of the investigation established approximate 

areal boundaries of radioactive contamination. However, some areas 

required additional delineation. These areas were to the southwest 
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toward Seaway and between the drainage ditches, and along the 

outside borders of the drainage ditches. An additional walkover 

survey was conducted, and additional soil samples were collected 

(Figure 2-12). 

Samples from these locations were analyzed for uranium-238, 

radium-226, thorium-232, and thorium-230. Results are summarized 

in Table 4-42; individual results are presented in Appendix A. 

Surface contamination [ground surface to 15 em (6 in.)] was 

detected only in B32R155; the primary contaminants were uranium-238 

and thorium-230. Concentrations at other locations did not exceed 

guidelines. 

Ashland 2 South. Characterization results from Ashland 2 South 

showed no areas containing radioactive contamination; results are 

summarized in Table 4-43. Undisturbed soil is typically 

encountered less than 0.3 m (1 ft) below the surface; this 

indicates that limited to no disposal activities have been 

conducted in the area. Review of historical data supports the 

conclusions that no MED residues have been deposited at Ashland 2 

South and that the soils there are not radioactively contaminated. 

Organics. Ashland 2. Nine boreholes were sampled for organic 

compounds on Ashland 2 (see Figure 2-11). vocs were det€.;ted at 

five locations, and semivolatile organics were found at six 

locations (Table 4-44). 

B32R01 was sampled at two intervals [0 to 0.6 m (0 to 2 ft) and 

0.6 to 1.2 m (2 to 4ft)]. Toluene was detected in both intervals 

at low levels (Table 4-44). However, toluene was also found in the 

trip blank; therefore, these values are suspect. Low levels of 

PAHs and phthalates were also detected in both intervals 

(Table 4-44). Several of these BNAEs were also detected in the 

method blank; while their presence is suspect, they are probably 

present in the sample at low levels. The laboratory also reported 

a number of unknown TICs described as being characteristic of 

long-chain hydrocarbons. 

B32R02 was sampled at one interval [0 to 0.6 m (0 to 2ft)], 

which contained no detectable organics. 

Two intervals [0 to 0.6 m (0 to 2 ft) and 0.6 to 1.2 m (2 to 

4 ft)] in B32R05 were sampled for organics. Phenanthrene 
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(240 ppb), fluoranthene (160 ppb), and pyrene (160 ppb) were 

detected in the first interval but not in the second, thereby 

indicating surficial contamination. 
Soil samples from 0 to 0.6 m (0 to 2 ft) and 0.6 to 1.8 m (2 to 

6 ft) in B32R08 were analyzed for organics. PARs were detected in 

both intervals (Table 4-44). Typically, the concentrations 
increased with depth. This is expected because the boring log 

describes the first 1.2 m (4 ft) as clay fill and the interval 

between 1.2 to 1.8 m (4 to 6 ft) as containing glass, slag, and 
tar. The laboratory reported five alkane TICs at a total estimated 

concentration of 80 ppm. Bis(2-ethylhexyl)phthalate was also found 

in the first soil interval at 240 ppb. No VOCs were detected in 

either sampling interval (detection limits were 1 to 4 ppb). 

Soils in B32R11 were sampled for organic compounds at three 

intervals [0 to 0.6 m (0 to 2ft), 0.6 to 1.8 m (2 to 6ft), and 

1.8 to 2.4 m (6 to 8ft)]. Several PARs were detected in each 

interval sampled (Table 4-44). In addition, di-n-butylphthalate 

was also detected in each interval but was also present in 

associated method blanks: therefore, its presence is suspect. The 

laboratory_also reports several unidentified hydrocarbon TICs for 

all three intervals. Two vocs (toluene and ethylbenzene) were 

detected in the 0.6- to 1.8-m (2- to 6-ft) interval. However, the 

laboratory employed a 50:1 dilution factor in analyzing these 

samples, which raised the detection limits for most of the 

compounds to 50 ppb. Hence, toluene and ethylbenzene may not be 

the only vocs in the soil at this location. 

Organics were analyzed for in two soil samples taken from 0 to 

0.6 m (0 to 2 ft) and 0.6 to 1.8 m (2 to 6 ft) in B32R12. No BNAEs 

were detected in either interval. Toluene was found at 36 ppb in 

the first interval and at 21 ppb in the second. 

Trichlorofluoromethane was found in both intervals but also in 

associated trip blanks: hence, its actual presence is suspect. 

B32R14 was sampled for organic compounds at two intervals [0 to 

0.6 m (0 to 2 ft) and 0.6 to 1.8 m (2 to 6ft)]. several PARs were 

detected in the first interval (Table 4-44), but none were detected 

in the second. Laboratory estimates indicate the presence of 

unknown long-chain hydrocarbons at approximately 128 ppm in the 
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first interval. Chlorobenzene, toluene, methylene chloride, and 

acetone were also detected in the first interval. Acetone and 

methylene chloride were reported in the second interval at lower 

levels. 

Soil samples from three intervals [0 to 0.6 m (0 to 2ft), 

0.6 to 1.8 m (2 to 6ft), and 1.8 to 3m (6 to 10ft)] in B32R16 

were analyzed for organic compounds. PAHs were detected at 

elevated levels in all three intervals; the deepest interval 

contained the highest number of elevated concentrations 

(Table 4-44). Bis(2-ethylhexyl)phthalate (1,200 ppb) was detected 

only in the first .interval. The laboratory estimates that unknown 

hydrocarbons are present in these intervals at concentrations of 

38, 37, and 225 ppm, respectively. Benzene (16 ppb), toluene 

(7.8 ppb), ethylbenzene (23 ppb), and xylenes (41 ppb) were 

detected in the third interval. No vocs were detected in the first 

two intervals (detection limits were 1 to 4 ppb). BTEX detected in 

the third interval is probably bound to the oily material. 

Three intervals [0 to 0.6 m (0 to 2ft), 0.6 to 1.8 m (2 to 

6ft), and 2.4 to 3m (8 to 10ft)) in B32R17 were sampled for 

organics analysis. With the exception of di-n-butylphthalate in 

the first interval (also detected in the method blank), no BNAEs or 

vocs were detected in this borehole. Normal method detection 

limits were used for both types of analyses. 

Ashland 2 South. Most of the borings collected at Ashland 2 

South for analysis of chemical constituents were used to establish 

background concentrations for the Tonawanda properties. However, 

four sampling locations (B55G041, B55G039, B55G036, and B55W034D) 

were in areas that could be impacted by refinery-related activities 

and were therefore considered inappropriate for background 

sampling. Sampling locations are shown in Figure 2-11. 

Concentrations of VOCs detected in soil at Ashland 2 South are 

summarized in Table 4-45; no BNAEs were detected. Toluene was the 

only voc detected in B55G041 (19 ~g/kg, o- to 0.6-m (0- to 2-ft) 

interval] and B55G039 (57 ~g/kg, 0.6- to 1.8-m (2- to 6-ft) 

interval). Methylene chloride was the only voc detected in B55G036 

[12 ~gfkg, o- to 0.6-m (0- to 2-ft) interval) and B55W034D 

[3 ~gfkg, 0.6- to 1.8-m (2- to 6-ft) interval]. 
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Metals at Ashland 2. The same nine borehole locations that 

were sampled for organics analysis were analyzed for metals; 

analytical results are presented in Tables 4-46 through 4-48. 

Northern border. B32R01 is located to the north of the 

Ashland 2 property boundary near the confluence of the two drainage 

ditches. Two intervals were sampled (0 to 0.6 m (0 to 2 ft) and 

0.6 to 1.2 m (2 to 4ft}]. Even though the lead concentration is 

slightly elevated (43.2 ppm}, all metal concentrations are within 

the background range (Table 4-46). Radionuclide concentrations 

were also within the background range for this location. 

B32R02 is loca~ed just north of Ashland 2 and lies between the 
two drainage ditches (Figure 4-15). This borehole has slightly 

elevated vanadium (38 ppm) and lead {44.8 ppm) concentrations in 

the o- to 0.6-m (0- to 2-ft) interval (Table 4-46}. Magnesium was 

also elevated (59,200 ppm). The lead-vanadium combination in the 
absence of copper would indicate the presence of Stage 2 filter 

cake. This conclusion is supported by the presence of 

above-guideline concentrations of uranium-238 (26.5 pCijg) and 

thorium-230 (11.0 pCi/g) at depths between o and 0.3 m (0 and 

1ft). The radionuclide concentrations decrease in the next 0.3-m 

(1-ft) interval [uranium-238 (less than 5.0 pCi/g) and thorium 230 
(11.0 pCifg)], which indicates that there is probably considerable 

mixing of the filter cake with natural soils. 

B32R05 is located at the northern border of Ashland 2 and 

between the drainage ditches. The logbook describes the first 

1.2 m (4 ft) of material as a disturbed, pale brown silt and clay 

mixture, with natural moderate brown clays at 1.2 m (4ft). The 

texture and color description of the top 1.2 m (4 ft) is usually 

associated with filter cake or a mixture of filter cake and natural 

clays. The first soil interval [0 to 0.6 m (0 to 2ft}] contains 

elevated concentrations of vanadium (748 ppm), lead (354 ppm), 

manganese (2,480 ppm), calcium (74,900 ppm), and copper 

(1,360 ppm). These results indicate that both stages of MED filter 

cake are present. In the second 0.6-m (2-ft) interval, all 

indicator metals are lower [copper (129 ppm), vanadium (74.6 ppm), 

and lead (43.2 ppm)], but still above Tonawanda background levels. 

The metals show that the 0.6- to 1.2-m (2- to 4-ft) interval is 

503_0064 (12/28/92) 4-67 



still weakly indicative of MED ore filter cakes. Radionuclide 

concentrations between 0.6 and 0.9 m (2 and 3 ft) were at 

background levels [uranium-238 (less than 4.0 pCi/g) and radium-226 

(less than 1.0 pCi/g)], but in the 0.9- to 1.2-m (3- to 4-ft) 

interval they were elevated [uranium-238 (147.0 pCi/g), radium-226 

(50.1 pCi/g), and thorium-230 (840.0 pCi/g)). The soil samples 

analyzed for radionuclides were from discrete 0.3-m (1-ft) 

intervals; the metals sample was a 0.6-m (2-ft) composite of the 

two intervals that were sampled for radiological analysis. 

Western portion. B32R08 is located at Ashland 2 along the 

western side of the area enclosed by the two drainage ditches (see 

Figure 4-15). The boring log describes the first 1.8 m (6 ft) of 

material as a fill containing clays, slag, glass, and tars. Levels 

of lead (129 ppm), vanadium (231 ppm), copper (311 ppm), manganese 

(1,680 ppm), and calcium (55,600 ppm) are high in the first 0.6-m 

(2-ft) interval, indicating the presence of MED Stage 1 and Stage 2 

filter cakes. The presence of filter cake is confirmed by the 

radiological data [uranium-238 (182.5 pCi/g), radium-226 

(60.1 pCi/g), and thorium-230 (520 pCi/g)]. The results for the 

second sampling interval [0.6 to 1.8 m (2 to 6ft)] still indicate 

ratios of copper, lead, vanadium, and manganese characteristic of 

filter cake, although concentrations are lower than in the first 

interval (Table 4-47). A rather dramatic increase in calcium, 

coupled with a rise in magnesium, indicates that slag is also 

present in this interval (as noted in the log description). The 

radiological data indicate little reduction in concentrations 

between 0.6 and 0.9 m (2 to 3 ft) [uranium-238 (150.0 pCi/g) and 

radium-226 (59.0 pCi/g); thorium-230 was not analyzed). At greater 

depths, however, the concentrations (and, presumably, the presence 

of filter cake) decrease with depth. The radionuclide and metal 

concentrations in the second interval indicate that the upper 

portion of the interval contains more filter cake than the lower 

portion. 

Two metals samples were taken from B32R12, which is located 

near the western drainage ditch at Ashland 2. The boring log 

describes the first 2.7 m (9 ft) of material as a silty sand fill 

with bits of fly ash and slag. Between 1.2 and 1.8 m (4 and 6ft), 
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a viscous oil was encountered, and the sand was described as 
saturated. The first sampling interval had elevated levels of 
copper and silver (see Table 4-47), but manganese, lead, and 
vanadium were at background, indicating the absence of filter cake. 
The absence of filter cake is confirmed by the radiological data, 
which indicate background levels. Radionuclides and heavy metals 
in the second sampling interval, with the exception of silver 
(4.5 ppm), are at or below background. 

B32R17 is near the access road in the western portion of 
Ashland 2 (Figure 4-15). The boring log describes the· first 2.8 m 
(9.5 ft) as clayey fill mixed with slag, paper, and plastic. Only 
the first 0.6 m (2 ft) had good soil recovery. The metals detected 
indicate the presence of some slag (e.g., calcium at 64,500 ppm and 
magnesium at 16,400 ppm). Levels of lead (41.8 ppm), vanadium 
(33.6 ppm), and copper (40.1 ppm) are only slightly elevated above 
background. The material does not appear to be an MED filter cake 
(Table 4-47). Radiological data for the 0- to 0.3-m (0- to 1-ft) 
interval confirm this observation. However, the radionuclide 
concentrations at 0.3 to 0.6 m (1 to 2ft), 0.6 to 0.9 m (2 to 
3ft), and 0.9 to 1.8 m (3 to 6ft) indicate radioactive 
contamination. The o- to 0.6-m (O- to 2-ft) composite sample 
analyzed for metals obviously included more clean than contaminated 
soil. Radioactive contamination probably begins at the base of the 
0.6-m (2-ft) interval and continues through 1.8 m (6ft). An 

insufficient amount of soil was recovered from the subsequent 
intervals to test for metals. 

Eastern portion. B32Rll is on the eastern portion of the pile 

near Rattlesnake Creek (Figure 4-15). The boring log describes the 
first 2.4 m (8 ft) as clayey fill with traces of slag and organic 
debris. Natural clay is encountered in the 2.4- to 3-m (8- to 
lO-ft) interval. Three soil intervals [0 to 0.6 m (0 to 2ft), 
0.6 to 1.8 m (2 to 6ft), and 1.8 to 2.4 m (6 to 8ft)] were 
sampled for metals. All three intervals have elevated vanadium, 
lead, and copper concentrations (Table 4-48), indicating the 
presence of MED filter cake. The presence of filter cake is 

confirmed by the radionuclide results. In the 2.2- to 2.7-m 
(7.5- to 9-ft) interval, which encompasses the beginning of the 
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natural clay (and for which metals data are unavailable), 
radionuclide concentrations were at or near background (uranium-238 

(2.8 pCi/g), radium-226 (1.2 pCi/g), and thorium-230 (2.6 pCi/g)], 

indicating that little migration is occurring. 
B32R14 is in the middle of the area bordered by the service 

road and the two drainage ditches (see Figure 4-15). The boring 
log describes the subsurface as a clayey fill with a tarry 
substance and slag to 1.3 m (4.3 ft). Natural clay with fissures 

is found between 0.6 and 1.8 m (2 and 6ft). Soil sampling 
intervals for metals analysis were o to 0.6 m (0 to 2 ft) and 
0.6 to 1.8 m (2 to 6ft). The first interval has elevated 
magnesium and calcium concentrations, indicating the presence of 
slag (see Table 4-48). Lead (63.4 ppm) and silver (3.4 ppm) were 
also found at concentrations exceeding background in this interval. 
Lead and silver were also elevated in the second interval (63.5 and 
4.5 ppm, respectively), but all other concentrations were within 
the expected background range. The elevated lead concentrations 
may be related to the waste petroleum material found during 
organics analysis and described in the log. There was no evidence 
of MED filter cake, and the radionuclide concentrations at this 
location were at or near background (see Table 4-48). 

Three soil samples from B32R16 were analyzed for metals. This 
sampling location is in the eastern portion of Ashland 2 and is 
about 46 m (150ft) from the eastern drainage ditch (Figure 4-15). 

The boring log describes the first 2.7 m (8.9 ft) as clayey fill 
with glass and slag, followed by a 0.1-m- (0.4-ft-) thick area of 
small 0.16-cm- (1/16-in.-) diameter sooty spheres, followed by 
clayey fill to 4.8 m (16ft), where natural material begins. In 

the first interval [0 to 0.6 m (0 to 2ft)], lead (61.3 ppm), 
nickel (37.7 ppm), and zinc (136 ppm) were detected at levels 
exceeding background, as were calcium and magnesium (Table 4-48). 
The latter two metals indicate of the presence of slag (as depicted 

in the boring log): the presence of lead, nickel, and zinc is 
probably related to the waste oils detected in the sample. 

The 0.6- to 1.8-m (2- to 6-ft) interval was also sampled for 
metals analysis. Slag was still present (calcium at· 83,900 ppm and 

magnesium at 19,200 ppm), but zinc (105 ppm) and nickel (26.8 ppm) 
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had returned to near-background levels, with lead remaining 

slightly elevated (54.9 ppm). Waste oils were also found in this 

interval. 

The third interval [1.8 to 3m (6 to 10ft)) did not contain 

slag but had extremely high concentrations of aluminum 

(132,000 ppm), molybdenum (29,200 ppm), and nickel (11,100 ppm) 

with elevated concentrations of antimony, cobalt, lead, vanadium, 

and zinc (Table 4-48). The boring log describes a portion of this 

interval as having small sooty spheres. The chemistry described 

above suggests the presence of spent petroleum catalysts (sooty 

spheres), probably used in reforming or hydrotreating operations 

that typically utilize alumina pellets impregnated with molybdenum 

and nickel sulfides [see Speight (1980) for a discussion of 

catalysts in the petroleum industry]. This interval, like the 

previous two, had analytical evidence of petroleum wastes. 

Radionuclides were detected at or near background levels in all 

three intervals. Petroleum wastes detected in this borehole are 

unrelated to MED activities. 

Metals at Ashland 2 south. The same nine boreholes that were 

sampled for organics were also sampled for metals. Analytical 

results are summarized in Tables 4-49 and 4-50. 

B55G30, B55G31, B55G34, B55G39, and B55G45 were selected as 

being representative of background conditions. The analytical 

results for metals and radionuclides are presented in Table 4-49. 

The remaining four boreholes (B55G36, B55G41, B55G43, and B55G44) 

were not used as background sampling locations because they are 

located in an area that was thought to be potentially contaminated 

because of stressed vegetation. These four boreholes were sampled 

at two intervals [0 to 0.6 m (0 to 2 ft) and 0.6 to 1.8 m (2 to 

6ft)]. The data for the first interval in all four boreholes are 

within the background range (Table 4-50). In three of the four 

boreholes, the second interval also showed concentrations within 

the background range. The second interval of B55G43 had elevated 

levels of magnesium, calcium, iron, zinc, and manganese. The 

boring log describes the first 1.8 m (6 ft) of the subsurface as 

503_0064 (12/28/92) 4-71 



moderate brown, undisturbed clay with some red mottling. There is 

no apparent explanation for the elevated metals concentrations in 

B55G43. 

summary. The results of the soil investigation at Ashland 2 

indicate that the contamination by radionuclides and associated 

heavy metals is generally confined to the area between the two 

branches of Rattlesnake Creek and the access road, with minor 

amounts along the ditch floodplains. This material is mixed in 

varying degrees with refinery wastes (both organic and inorganic). 

The heavy metals associated with the MED filter cake appear to be 

immobile or leaching at a rate slow enough that they are not 

detectable in uncontaminated soils. Hence, data for radionuclides 

(which are more readily detectable) can be used with some 

confidence to determine the extent of MED-related materials. 

Samples tested for EP toxicity and TCLP parameters were negative, 

as would be expected of materials that have not appreciably leached 

over a 50-yr period of weathering. There is some evidence that the 

uranium-238 contained in the surface soil contaminated with filter 

cake may be slowly mobilizing, while thorium-230 remains insoluble. 

surface water and Sediment at Ashland 2 and Ashland 2 south 
(First-Phase Sampling) 

The first surface water and sediment samples taken at Ashland 2 

were analyzed for radionuclides only and were taken only at 

sampling locations on Ashland 2. The sampling locations were AS-6 

(upstream on the Niagara Mohawk property), AS-5 (just downstream 

from the major portion of the MED waste pile), and AS-4 (downstream 

and northeast of the Benson property) (see Figure 2-17). At the 

time of sampling, locations AS-4 and AS-6 were dry. This probably 

means that the surface water sample taken at AS-5 was stagnant, 

which may result in slightly higher analytical results than if the 

water sampled were flowing. The analytical results for 

radionuclides indicate low levels [uranium-238 (4.0 pCi/L), 

radium-226 (1.4 pCi/L), and thorium-230 (<1.0 pCi/L)] (see 

Table 4-51). 
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In sediment samples taken at all three locations, uranium-238 

concentrations were slightly elevated when compared with Tonawanda 

soil background levels [AS-4 (4.7 pCi/g) and AS-5 (5.2 pCi/g)]; the 

concentrations of radium-226 and thorium-230 were at or near 

background (Table 4-52). AS-6 is at basically the same scour point 

as SP-3. The low radionuclide concentrations detected in the 

sediment probably reflect this locational attribute. AS-5 is in a 

low-energy swampy area where suspended sediments may fall out. The 

analytical results for AS-4 may indicate minor offsite migration of 

uranium-238. 

The ditches (GS-1 through GS-8) were resampled in 

September 1988. Four drainage pathways and one area of potential 

runoff pending in the southeastern portion of Ashland 2 South were 

investigated. In addition, the areas at the confluence of 

Rattlesnake and Twomile creeks and at the confluence of Twomile 

Creek and the Niagara River were sampled. 

Radionuclides. Ashland 2. The southern drainage area at 

Ashland 2 was sampled at two points (SP-4 and GS-7). SP-3, which 

was discussed in connection with Seaway, is the upstream sampling 

point for this drainage area. SP-9, which is off of Ashland 2 at 

the confluence of both drainage ditches, is the downstream point 

(see Tables 4-53 and 4-54). SP-4 is at the beginning of the swampy 

area, but upstream from the location of the known MED materials 

(Figure 2-17). Because of its swampy location, SP-4 is in an area 

of low stream energy. This makes it an ideal location to 

investigate the sedimentation potential of materials being 

transported from Seaway and Ashland 1 before they are influenced by 

potential Ashland 2 stormwater runoff. The analytical results show 

all radionuclides at or near background levels, indicating that few 

if any radionuclides have been deposited at this location. 

However, records indicate that the radiological sample may not have 

been taken in the sediment area because it was labeled as a soil 

sample. Furthermore, the metals data indicate a very high aluminum 

(and presumably clay) content, which is not reflected in the 

potassium-40 activity (12.3 pCi/g) of the radiological sample. 

GS-7 is within the swampy area near the access road, upstream from 

the known location of MED material. Radiological results for 
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sediments indicate slightly elevated levels of uranium-238 

(4.4 pCi/g) and thorium-230 (2.6 pCi/g), which may result from 

stormwater runoff from tl access road. Sediments at the 

downstream location (SP-9), which would be influenced by both 

drainage ditches, exhibit a concentration of uranium-238 

(3.0 pCi/g), which slightly exceeds background, with the other 

radionuclides at or near background (Table 4-54). These results 

indicate that very little (if any) current offsite migration of 

radionuclides is occurring via the sediment route. 

The northern branch of Rattlesnake Creek originates at Seaway. 

Location SP-5 is the upstream location for this ditch (Figure 2-17) 

and will collect materials migrating from Seaway. SP-6 is located 

on a small drainage ditch that diverts water from the northwestern 

part of the property to the main drainage ditch. SP-8 is in a 

swampy area downstream from the pile containing MED-related wastes. 

SP-8 is als~ downstream from the Ashland Oil dump site that lies 

just to the northwest of the MED material. As with the southern 

drainage ditch, SP-9 is the first offsite downstream sampling 

location. 

Only sediments at these locations were sampled for radiological 

analysis (Table 4-55). Location SP-5 sediments contain 

above-guideline levels of thorium-230 (36.0 pCi/g) and 

above-background levels of radium-226 (2.1 pCijg) and uranium-238 

(3.0 pCi/g). The metals data (discussed below) support the 

conclusion that the sediment contains MED-related filter cake. 

Shallow soil sampling performed in the general area during the 

second phase of the RI also shows radioactive contamination. 

Sediments from SP-6 have concentrations of thorium-230 

(2.8 pCi/g) that slightly exceed background. Because the general 

area surrounding this location is somewhat swampy, there has 

probably been some past deposition of sediment containing 

MED-related materials from Seaway. The metals data support this 

conclusion. 

SP-8 may have levels of uranium and thorium that exceed 

background, but the uncertainty factors are high relative to the 

reported values [uranium-238 (2.8 ± 2.2 pCi/g) and thorium-230 

(1.7 ± 0.7 pCi/g)]. The only elevated metals at this location are 
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lead and vanadium, which are usually associated with Stage 2 MED 

filter cake. At the downstream sampling location (SP-9), as 

discussed above, concentrations were close to background, but 

slightly elevated levels of metals generally associated with MED 

materials were observed (see below). 
Ashland 2 South. Three grab samples of water and sediments 

were taken in September 1988 in ponded water (GS-1, GS-2, and GS-3) 

near the former refinery storage tank. Only the sediments were 

analyzed for radionuclides. Sediments at sampling locations GS-1 

and GS-3 had radionuclide concentrations that were at or near 

background levels (Table 4-56). However, the uranium-238 
concentration exceeded background (13.2 pCi/g) at GS-2, which may 

receive runoff from the access road that runs across Ashland 2 

(including the MED material area). Radioactively contaminated 

soils may have been transported along the road by vehicles and then 

washed into the adjacent drainage areas. As discussed in the 

following metals section, the metals content of the sample from 

this location is radically different from that generally seen at 

Tonawanda and also differs from the metals content at the two 

nearby sampling locations (GS-1 and GS-3). 
SP-12 and SP-13 were dry when sampling was conducted in 

August 1988; therefore, only sediment samples were taken. The 

drainage pattern is such that both SP-12 (south) and SP-13 (north) 

are downstream from the access road, which divides the property and 

does not have underlying culverts. The southern ditch may 

intercept runoff from the tank area and from the area a short 

distance to the west. Both drainages are on Ashland 2 South. 

Except for a slightly elevated thorium-230 concentration at SP-12 

(4.1 pCi/g), the other radionuclides were at or below background 

levels (Table 4-56). The drainages along the access road should be 

sampled and analyzed for radionuclides because the materials found 

in SP-12 and GS-2/1 were probably transported there as runoff from 

the road. 

Organics. Ashland 2. Surface water was analyzed for VOCs and 

BNAEs at SP-9 (Table 4-57). Water from SP-9 did not contain any 

volatiles but had two detectable phthalates [diethylhexylphthalate 

(82 ppb) and di-n-butylphthalate (1 ppb)]. No other compounds were 
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detected. The phthalates are probably related to the sampling 

technique (i.e., artifacts of the gloves). No sediment samples 

were analyzed for organics. 

Ashland 2 south. The surface water samples from GS-1, GS-2, 

and GS-3 were analyzed for vocs and BNAEs (Table 4-58). Toluene 

was detected in GS-1 (3.4 ppb) and GS-3 (1 ppb). No other 

volatiles were detected. Water from GS-1 contained 35 ppb of 

2-methylphenol and low levels of phthalates. Samples from GS-2. and 

GS-3 also contained low levels of phthalates (Table 4-58). 

Metals. Ashland 2. Sediment samples were collected from SP-4, 

GS-7, and SP-9 and analyzed for metals. Location SP-4 is a 

low-energy swampy area that receives water and sediments from both 

Ashland 1 and Seaway. It has above-background levels of most trace 

metals (see Table 4-54) including vanadium (149 ppm), lead 

(211 ppm), and copper (110 ppm), which would indicate the presence 

of some MED-related materials. GS-7 is downstream from SP-4 but 

should remain unaffected by materials that were placed at 

Ashland 2. A surface water sample was taken at this location. The 

aluminum level indicates a relatively sediment-free sample. Sodium 

and calcium concentrations were relatively high, and with the 

exception of nickel (42.5 ppb) and barium (327 ppb), most trace 

. metals were not detected (see Table 4-53). This same pattern was 

observed at the upgradient sampling location (SP-3), indicating 

cation consistency, even though the water was not flowing at the 

time. Trace metals were also detected in the sediment at GS-7 at 

levels exceeding background, but a definite decrease compared with 

levels at SP-4 was observed. This would indicate sorption and a 

decrease in contaminant sediment load as the water from Seaway and 

Ashland 1 travels deeper into the wetland. SP-9 is offsite and 

downstream from the confluence of the two drainage ditches and 

therefore is influenced by both drainages. Surface water tested at 

this location did not contain any trace metals of interest; only 

zinc (37.9 ppb) was detected (see Table 4-53). The sediment sample 

taken at SP-9 contained a number of trace metals at concentrations 

above those expected in Tonawanda background soils (see 

Table 4-54). Some of the metals are indicators of MED-related 
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contamination [copper (34.1 ppm), lead (66 ppm), and vanadium 

(43.3 ppm)]. 
One surface water sample was collected in August 1988 in the 

northern branch ditch at SP-8 (see Table 4-57). Also in 
August 1988, sediment samples were taken for metals analysis at 

SP-5 (the upstream location originating at Seaway), SP-6, and SP-8. 

SP-9 (discussed previously) is the offsite, downstream sampling 

location. Sediments from SP-5 were found to contain levels of the 

MED-related metals [copper (69.3 ppm), lead (88.5 ppm), and 

vanadium (41.1 ppm)] that exceeded background. Zinc also exceeded 

background (199 ppm); other trace metals were generally within the 

background concentration range (Table 4-55). 

Sediments from SP-6 had levels exceeding background of most 

trace metals including those that are generally considered 

MED-related [copper (48.1·ppm), lead (122 ppm), and vanadium 

(55.8 ppm)]. This sampling location is near an area of ponded 

water across the access road from the Ashland Oil disposal site and 

would be likely to have contaminants associated with site 

stormwater runoff as well as those originating at and migrating 

from Seaway. Because this sampling location is not in the main 

portion of the ponded area, which would be the primary recipient 

and accumulator of the materials in the Seaway runoff, metals and 

radionuclides found at this location may indicate the potential for 

higher levels in the area of the ponded water. 

Sediments from SP-8 contained background concentrations of most 

metals (Table 4-55). The two prominent exceptions were lead 

(63.3 ppm) and vanadium (47.5 ppm). This sampling location is in a 

position to be influenced by both the Ashland Oil disposal area and 

the area where MED-related materials were deposited. The absence 

of elevated concentrations of metals here would indicate either 

that it is not an optimum point for sedimentation or that there is 

currently little if any migration of solids to this ditch from the 
disposal areas. 

Ashland 2 South. The sediment sample taken at GS-1 contains 

elevated levels of copper (30 ppm), lead (56.3 ppm), nickel 

(35.6 ppm), vanadium (51.1 ppm), and zinc (691 ppm). As such, it 

has attributes similar to those of a mixture of MED filter cake and 
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natural soils, but elevated radionuclides are not present. Because 

this was an area of refinery activity, the presence of these metals 

may be related to those activities or to stormwater runoff from the 

access road that was used to transport radioactive soils to 

Ashland 2 for disposal. 

Analytical results for metals in sediment samples from GS-2 

indicate a different type of soil than is normally encountered. 

Concentrations of aluminum (1,590 ppm), calcium {6,480 ppm), and 

magnesium (not detected) are abnormally low, and virtually no trace 

metals other than lead (95.3 ppm) and zinc (1,260 ppm) were 

detected at level~ exceeding background (see Table 4-56). Because 

the texture of the sample was not recorded when it was collected, 

the results are difficult to interpret. 

Metals detected at GS-3 were at or near background levels (see 

Table 4-56). 

Sediments from SP-12 had concentrations exceeding background of 

several trace metals, which may indicate the presence of 

MED-related materials (see Table 4-56). Levels of radionuclides 

exceeding background also in the sediment sample from this 

location. 

For the most part, sediments at location SP-13 had metals 

concentrations that were at or near background (Table 4-56). The 

exceptions were lead (51.2 ppm) and zinc (121 ppm). 

Surface water samples taken at location GS-8 contained some 

sediment (indicated by an aluminum concentration of 9,870 ppb). A 

number of trace metals were detected, including lead (119 ppb), 

vanadium (68.8 ppb), copper (99.1 ppb), nickel (79.4 ppb), chromium 

(40.6 ppb), and zinc (413 ppb). These same metals were also 

detected in the sediments at concentrations exceeding background 

levels for soil (Table 4-56). 

surface Water and Sediment at Ashland 2 (Second-Phase sampling) 

During second-phase activities, surface water was sampled at 

two locations and tested for radionuclides, organic compounds, and 

metals (see Tables 4-59 and 4-60). Location 112 is near SP-5 on 
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the northern branch drainage ditch. Location 114 is downstream 

from 112 near SP-8. 

Radionuclides. Surface water from location 112 had elevated 

concentrations of uranium-238 (19 pCi/L), radium-226 (3.3 pCi/L), 

and thorium-230 (13 pCi/L). The aluminum content in this water 
.sample was high (28,300 ppb) indicating some turbidity. Therefore, 

it is not clear whether the elevated radionuclide concentrations 

represent dissolved and mobile elements or are part of the 

sediment. 

Water samples taken from location 114 contained 120 pCi/L of 

uranium-238 and relatively low levels of radium-226 (0.4 pCi/L) and 
thorium-230 (0.3 pCi/L). Aluminum values for this sample were 

relatively low (890 ppb), indicating that the uranium is probably 

in the dissolved state. The results may indicate that uranium is 

being mobilized from the area of MED materials into the northern 
branch drainage ditch. 

Organics. Other than two VOCs that were also found in the 

method blank (methylene chloride and acetone), none were detected 

in the water at location 112. 2-Butanone (29 ppb) and 2-methyl 

naphthalene (10 ppb) were detected in the water taken at 

location 114. These are not MED-related wastes and may be leaching 
cfrom the Ashland disposal pile located on the western bank of the 
ditch. 

Metals. Numerous trace metals were detected in the water 

sample taken at location 112 (see Table 4-59). This is expected 

because the sample was relatively turbid and the metals composition 

is very similar to that of the sediment sample taken near the same 

location during the first phase. While the metals may be present 

in the dissolved state in the surface water, the results at this 

location are heavily influenced by the presence of sediment in the 

sample; therefore, the results are not indicative of 
dissolved-state results. 

The relatively sediment-free sample taken at location 114 

contained no MED-related or other trace metals at detectable levels 

(Table 4-59). This is an indication that the metals found in the 

sediments and the waste disposal area soils are not currently 

migrating in the dissolved state. 
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surface water and Sediments summary 

surface water entering Ashland 2 could be contaminated with 
radionuclides and heavy metals either in the dissolved or suspended 
solids state. The sources of these contaminants are Ashland 1, to 
the southern branch of Rattlesnake Creek, and Seaway, to the 
northern branch of Rattlesnake Creek. This is concluded from 
direct measurement of the contents of the water and indirect 
evidence in sediments and upstream samples. Sediments at Ashland 2 
in general have levels of trace metals and radionuclides (primarily 
uranium-238 and thorium-230) that exceed background. Sediment 
samples taken offsite and downstream from the property in 
Rattlesnake Creek also have evidence of low~level radionuclide and 
trace metal contamination. For example, levels of uranium-238 that 
exceed background were detected in the surface water sample taken 
at the offsite sampling location (114) immediately downstream of 
the property. This may explain why the Ashland 2 disposal area has 
a different ratio of uranium-238 and thorium-230; dissolution of 
the uranium-238 appears to be occurring. 

Two areas sampled at Ashland 2 South showed evidence of 
low-level contamination that may be related to MED materials (GS-1 
and SP-12). Radioactive contamination in both·locations probably 
resulted from stormwater runoff carrying contamination from the 
access road that was used to haul the radioactive soil to Ashland 2 

for disposal. 

4.2.5 Offsite surface Water and Sediment 

Surface water and sediments in Twomile Creek were sampled 
during both phases of the RI to assess any downstream impact by 
activities at the Linde and Ashland properties. 

First-phase investiqation 

Radionuclides. During the first phase, sediment samples were 
taken in July 1988 for analysis of radionuclides at locations AS-1, 
AS-2, and AS-3 in September 1988 and for analysis of radionuclides 
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and metals at SP-10, SP-11,- and SP-7 (see Tables 4-61 and 4-62). 

During second-phase sampling, surface water and sediment samples 

were collected at the mouth of Twomile Creek and analyzed for 

radionuclides, organic compounds, and metals. 

Radionuclide concentrations in the sediments at AS-1 (mouth of 

Twomile Creek) were found to be at or near background 

. concentrations for site soils [total uranium (1.6 pCi/g), 

radium-226 (1.3 pCi/g), and thorium-230 (1.2 pCi/g)]. Results for 

AS-2, at the downstream mouth of Rattlesnake Creek (Figure 2-18) 

were similar to those at AS-1 (Table 4-62), as were those at 

location 3 on the ~pstream side of Rattlesnake Creek. These 

results indicate that there has been no detectable impact on the 

sediments at these locations by either Linde or Ashland activities. 

SP-7 is at the mouth of a drainage ditch that is not directly 

connected with the Ashland 2 waste pile. Historically, the ditch 

may have originated on the northwestern portion of the Seaway 

property, which would include areas where MED filter cake was 

deposited. Alternatively, its current upper reaches are 

potentially in a position to receive runoff from the access road 

leading to the Ashland 2 pile. Sediments taken from this location 

had levels of thorium-230 (11.0 pCi/g) that exceeded background. 

The. other radionuclides were at or near background. The upstream 

sections of this drainage ditch have not been investigated. 

Sediments were resampled in the general area of AS-1 and AS-2 

in September 1988. The radiological results were basically the 

same as before, with the following concentrations detected in the 

sample from the location at the mouth of Twomile Creek (SP-11): 

uranium-238 (less than 2 pCi/g), radium-226 (0.6 pCi/g), and 

thorium-230 (0.9 pCi/g). Similar concentrations were detected at 

SP-10 (Table 4-62). 

organics. Three vocs were detected in the surface water 

samples: trans 1,3-dichloropropene (2.9 ppb) in SP-10, and 

chloroform (4.6 ppb) and bromodichloromethane (2.7 ppb) in SP-7. 

Detection limits were in the 1-4 ppb range. No BNAEs were detected 

in any of the surface water samples. Sediment samples were not 

analyzed for organic compounds. 
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Metals. several trace metals exceeded background levels in 

sediment samples taken at SP-11 (see Table 4-62). These included 

cadmirim (4.4 ppm), chromium (94.1 ppm), copper (37.0 ppm), lead 

(87.9 ppm), and zinc (241 ppm). The surface water sample taken at 

SP-11 was apparently free of fines; no aluminum was detected, nor 

were any trace metals (see Table 4-61). 

Sediments at SP-10 also exceeded background levels for several 

metals, including copper (36.1 ppm), lead (52.9 ppm), and zinc 

(180 ppm). Calcium and magnesium were also present at very high 

levels (136,000 ppm and 63,600 ppm, respectively). Unlike the 

surface water sample at SP-11, the sample at SP~10 contained 

aluminum at 1,190 ppb and probably contains some sediment. Among 

the metals detected in the water were copper (33.7 ppb), chromium 

(16.2 ppb), and zinc (271 ppb). 

SP-7 is located at the mouth of a ditch that discharges to the 

Niagara River. Sediment samples taken at SP-7 contained several 

trace metals at concentrations exceeding background [antimony 

(22.1 ppm), copper (124 ppm), lead {88.2 ppm), nickel (45.7 ppm), 

and zinc (147 ppm)]. The origin of these metals is 

difficult to determine. However, the elevated lead and copper 

combined with thorium-230 suggest the presence of stage 1 filter 

cake residues, which may have been the result of old drainage 

patterns from Seaway or spillage during the transfer of materials 

from Ashland 1 to Seaway and Ashland 2. 

Second-Phase Investigation 

One additional surface waterfsediment sample was collected at 

the mouth of Twomile Creek (location 116) during the second phase 

of the RI (Table 4-63). This sample was analyzed for 

radionuclides, organic compounds, and metals. Radionuclides were 

detected at very low levels in the surface water and were at or 

near background in the sediment (Table 4-63). With the exception 

of acetone and methylene chloride, which were also detected in the 

method blank, no VOCs were detected in the surface water sample 

(detection limit range of 5-10 ppb), nor were any BNAEs detected. 

Sediments were not analyzed for organic compounds or metals. 
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Although there were apparently some fines in the sample, the only 

trace metal found in surface water was zinc (27.5 ppb). 

summary 

The results of surface water and sediment sampling at the mouth 

of Rattlesnake and Twomile creeks indicate that radionuclides are 

not affecting these areas. The sediments show some evidence of 

degradation from heavy metals that are common to refinery 

operations, MED activities, and runoff from urban streets. These 
findings are consistent with those of previous studies conducted in 

the same general area. 

Radioactive contamination at SP-7 along the Niagara River may 

have been the result of contaminant migration via old drainage 

patterns from Seaway or spillage during the transfer of materials 
from Ashland 1 to.seaway and Ashland 2. 

4.3 NATURE AND EXTENT OF CONTAMINATION IN GROUNDWATER 

As part of the site characterization and environmental 

monitoring activities at the Tonawanda site during 1988 and 1989, 
groundwater samples were collected from wells at Linde, Ashland 1, 

and Ashland 2; the samples were analyzed for radiological, organic, 
and inorganic parameters. 

Tables 4-64 through 4-73. 
The results are summarized in 

Data analysis and validation performed 

during preparation of this RI report identified possible sources of 

error in the data for deep wells at the Linde and Ashland 

properties (Tables 4-64 through 4-67 and 4-69 through 4-73): The 

deep wells at Linde were not purged before samples were collected, 

and only one well volume was purged before samples were collected 

from the wells at the Ashland properties. 

The decision not to purge the deep wells at Linde was based on 

the possibility that the formation fluids might be considered a 

hazardous waste. Subsequent analysis of samples from these wells 

showed no significantly elevated levels of radioactive 

contamination. Analytical results for the 1989-90 sampling 

activities at Linde are reported in Tables 4-64 through 4-67. 
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Concentrations of uranium-234, uranium-235, uranium-238, 
thorium-228, thorium-232, and radium-226 are below DOE drinking 
water standards in all of the samples, with the exception of 

radium-226 in B29W09D. Groundwater in the deep aquifer in the 
Linde area has high concentrations of TDS and sulfate and is not 

considered potable. 
To determine whether these samples were representative of 

formation conditions, a validation sample was collected in 
June 1992 from a single well (B29W09D) near one of the injection 
wells. An extensive suite of laboratory analyses was run on this 
sample in an effort to detect any waste effluent remaining in the 
immediate area. Analytical results are presented in Section 4.3.1. 

Samples from the deep wells at the Ashland properties indicated 
pH values higher than 10.5. A review of the field sampling 
procedure determined that only one well volume was purged from the 
deep wells before sampling because of the significant amount of 
time required to purge the wells using mechanical methods. No 
significantly elevated concentrations of radioactive constituents 
were observed in the samples from these wells; however, validation 
sampling was performed in June 1992 to determine whether these 
samples are representative of the formation conditions. A 
discussion of the data analyses and the additional sampling 
activities is presented in Section 4.3.2. 

4.3.1 Linde 

Deep Aquifer 

Beginning in April 1944, waste effluent generated during the 
uranium refining process at Linde was disposed of by injection into 
seven onsite wells. Descriptions of the uranium refining process, 
the general composition of the effluent, and results of previous 
chemical investigations are presented in detail in a report by the 
Aerospace Corporation (Aerospace 1981) and were summarized in 

Section 1.0 of this RI report. 

A groundwater analysis and a volumetric calculation of the area 

of possible impact were performed to define the nature and extent 
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of contamination in the deep aquifer at Linde. Data to perform 
the analyses were obtained from the following sources: 

• Laboratory analysis of one representative sample of 
formation water collected from B29W029 in June 1992. This 
analysis included a full suite of inorganic constituents, 
pH, specific conductance, selected metals, TDS, TOC, TIC, 
temperature, and filtered and unfiltered concentrations of 
radionuclides. 

• Water level data from the area, which were used to construct 
potentiometric surface maps for the deep aquifer (contact 
zone and weathered bedrock). Flow velocities of 
approximately 7 m (24 ft) per year in the fractured bedrock 
unit and 0.3 m (5.5 ft) per year in the glacial till were 
calculated (refer to section 3.6.2). 

• A general description of the waste effluent, based on a 
description of the uranium ore refining process. 

• Estimated volume of the liquid waste effluent and the amount 
of dissolved uranium contained in this volume. 

• A description of the bedrock and overlying unconsolidated 
materials from deep wells onsite. 

• Basic water chemistry from deep wells in the surrounding 
region. 

Based on these data, the following scenario has been developed 
to describe the nature and extent of contamination of the deep 
aquifer in the Linde area. 

Approximately 208 million L (55 million gal) of liquid waste 
effluent, containing 5,400 kg (11,900 lb) of dissolved uranium 
oxide, was injected into the subsurface at Linde. This effluent, 

which contained primarily ions of sodium, sulfate, sodium 
carbonate, sodium bicarbonate, and chloride, was injected at a 
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temperature of approximately 60°C (140°F). Minor concentrations of 

vanadium, cobalt, nickel, molybdenum, uranium, and radium were also 

present in the effluent. This liquid had a pH above 10 and a TDS 

concentration greater than 20,000 ppm. Natural formation water in 

the bedrock units contains significantly lower concentrations of 

the major ions and TDS; the water temperature is 12oc (54°F), and 

the pH is approximately neutral (7.0 to 7.5). 

The waste effluent was injected into the subsurface at depths 

ranging from 27 to 45 m (90 to 150ft). Problems were reported 

with well plugging and fluid refusal during the injection process, 

and liquid effluent could have moved into the upper portion of the 

bedrock unit (described as fractured and heavily weathered shales 

of the Salina Group) and up the annular space around the well 

casing into the glacial unconsolidated sediments overlying the 

bedrock surface. These problems resulted from the formation of 

precipitates in the fractures and pore space of the sediments when 

the heated effluent (with high pH and elevated concentrations of 

dissolved solids) mixed with the natural formation water. Although 

sulfate- and carbonate-rich minerals of the various metals formed 

the majority of the precipitates, this process would also have 

stabilized the majority of the dissolved metals (including uranium 

and radium) in the solution. Elevated concentrations of chloride, 

sodium, and sulfate are still present in the formation fluids 

underlying the property. 

The estimated volume of effluent injected (55 million gal) 

equals 168 acre-ft of fluid. Assuming the fluid entered a 6-m 

(20-ft) interval of the sedimentary section having an average 

porosity of 10 percent (a conservative assumption--glacial tills 

and sands commonly have porosities in the 20 to 30 percent range), 

the area impacted would be approximately 34 ha (84 acres). If a 

higher porosity were assumed, the area impacted would be reduced 

accordingly. An elongated north-to-south low in the bedrock 

surface along the east-central portion of the property parallels 

one of the primary fracture trends in the region. This feature 

probably influenced the shape of the plume, localizing it in that 

portion of the property. 
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A local flow velocity of 1.7 to 7.3 mfyr (5.5 to 24 ft/yr) was 

estimated based on regional groundwater flow in the Salina Group 

shale and limited water level data. This velocity would indicate 

that the injected fluid remains in the local area, having moved 

approximately 90 m (300 ft) since the time of injection. Using 

worst-case assumptions, the maximum area of impact may have been as 

.large as 68 ha (168 acres), with lateral movement of up to 366m 

(1,200 ft). 

Based on the above scenario, the nature of the subsurface 

contamination is probably in the form of mineral precipitates of 

uranyl sulfates and carbonates in the fractures and pore space of 

the Salina Group shale. Groundwater of this shale in the immediate 

proximity of the property exhibits elevated concentrations of 

sodium, sulfate, and chlorides and has a higher pH (9+) than the 

natural formation water. The generally low permeability of the 

shale and the computed flow velocities indicate that no significant 

migration of contaminants from the immediate area has occurred. 

Chemical analysis. This section presents a discussion of the 

chemical analyses performed on the samples collected at Linde. 

Calculation of the area of impact is being refined in an effort to 

relate injected volumes to individual wells and more accurately 

develop the basis for assumptions used in the analysis. The 

results of these computations will be included in a technical 

memorandum to be published later. 

Evaluation of effluent from uranium processing. Linde 

processed uranium slurries, ores, and residues from 1943 through 

1946. Seven different types of ore (three domestic and four 

African) were brought to the property for enrichment. Typical 

analyses of these ores are discussed in Section 1.3.2. 

The main products of the enrichment process were uranium oxide 

(U30 8), uranium dioxide (U02 ), and uranium tetrafluoride (UF4 ). 

Sludge produced during the process was removed from the property 

and transported to the former Haist property (sludge from domestic 

ores) and the former Lake Ontario Ordnance Works (sludge from 

foreign ores). Liquid effluent was disposed of by release into the 

storm sewer system or by injection into subsurface disposal wells 

located on the property (Figure 1-5). It has been estimated that 
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approximately 208 million (55 million gal) of effluent was injected 

and 212 million L (56 million gal) was discharged through a storm 

sewer into Twomile creek (Aerospace 1981). This discussion will 

focus on the nature of the injected effluent. 

Uranium ore processing. Uranium processing at Linde consisted 

of three steps (see Figure 1-8). Effluent was produced during the 

first step and, therefore, this discussion will focus on that step 

and subsequent disposal of the effluent by injection. 

The ore or ore slurry was first digested in sulfuric acid 

(H2S04 ) until the pH of the solution reached 0.7 to 0.8. 

Pyrolusite (Mn02 ) or magnesite (MgC03 ) was added to oxidize any 

reduced uranium. The enriched solution was digested at gooc 
(194°F) for 3 hours and then cooled to 60°C (140°F). Radioactive 

and nonradioactive components were partially dissolved by this acid 

extraction step. The liquor was composed primarily of aqueous 

uranyl sulfate (U02S04 ) and various impurities (e.g., iron, silica, 

phosphorus, vanadium). 

Soda ash (NaC03 ) was added to bring the pH of the solution to 

approximately 9.2. Sodium bicarbonate {NaHC03 ) was also added to 

enhance the precipitation of impurities from the mixture; aqueous 

sodium uranyl tricarbonate was left in solution. The resultant 

slurry was filtered in Moore filters, and the cake by-product was 

placed in a tailings pile. 

The treatment of the solution at this point varied, depending 

on the origin of the ore. Barium chloride (BaC12 ) was added to the 

African ore solution to remove radium, and_sodium sulfide (Na2S) 

was added to remove lead. Lead sulfate (PbS04), ferrous sulfate 

(FeS04), and ferric sulfate [Fe2 (S04 ) 3 ] were added to domestic ore 

solutions to remove phosphorus and vanadium. 

The resultant iron cake was filtered using plate and frame 

presses, and the solid waste was placed in the tailings pile. The 

remaining mixture was treated with caustic soda to yield a strongly 

basic solution and force the precipitation of uranium as sodium 

diuranate {NaU20 7•6H20). The filtrate remaining after this step was 

discharged as effluent. The same disposal methods were used for 

the effluents generated during the processing of both domestic and 

African ores. 
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Nature of effluent. Because no detailed chemical analysis is 
available for the effluents disposed of by injection, it is 
difficult to model the characteristics of the chemical system. The 

average concentration of uranium oxide in effluent was estimated as 
0.026 g/L (Aerospace 1981), which implies that 5,400 kg (11,900 lb) 
containing 3 Ci of uranium was injected into the subsurface through 
the injection wells at Linde. The amount of radium-226 injected 
was estimated from operation records to be 5.5 Ci (approximately 

5.5 g). 

Injection Process. Some of the injection wells were drilled 
and completed in bedrock (shales of the Salina Group); the 
permeability of this unit is low (1 X 10-6). Sketches of several 

of the injection wells are available; however, they do not indicate 
whether overlying, more permeable units were sealed off by 
cementing. 

Plant records indicate that maintenance of the injection well 
operation was a continual problem. Plugging of the wells was 

reported as the primary reason for rejection of introduced 
effluent. Well cleaning was attempted but unsuccessful, and new 
wells were drilled on the property. Effluent was discharged into 
the storm sewer system when fluids could no longer be injected into 
a well. 

Plant records suggest that hydrofracturing of the surrounding 

unit was possible because of effluent injection pressures. A 
recent reevaluation of the data on injection pressure, however, 
indicates that induced hydraulic fracturing is unlikely. 

Evaluation of existing data indicates that the injected 
effluent bypassed the well casing and entered permeable zones in 

the Salina Group or the overlying glacial fluvial materials (see 
Figure 4-16). Field evidence from a conventional core description 
indicates that precipitation of a uranium compound from the 
effluent solution took place along bedding planes of weakness. The 

yellow precipitate, which was observed in the fractured, more 
permeable unit in the upper portion of the Camillus Shale, was 

referred to as uraninite (Aerospace 1981). However, the sample has 
not been analyzed, and the actual composition is unknown. 
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Validation of groundwater sampling. Nine monitoring wells were 

installed at Linde to determine the hydrologic gradient and to 

collect groundwater samples for use in determining the nature and 

extent of contamination. Groundwater samples were collected at 

Linde, but the analytical results (Tables 4-64 through 4-67) are 

suspect because the wells were not purged before samples were 

collected. In June 1992, validation samples were obtained from one 

of the monitoring wells (B29W09D). This well was selected because 

of its proximity to one of the injection wells. One sample was 

collected before the well was purged, and another after the well 

was purged. 

The samples were analyzed to determine whether process waste 

effluent is still in the immediate vicinity of the injection well 

or whether the previous analytical results represented in situ 

groundwater conditions. Physical properties were measured in the 

field, and three sediment samples (prepurged, unfiltered, and 

filtered) were analyzed for a complete suite of inorganic and 

radiological parameters. The results of these analyses are 

presented in Table 4-68. 

The charge balance for major cations and anions was calculated 

using the geochemical assessment program MINTEQA2/PRODEFA2. This 

assessment was used to check the accuracy of the reported 

groundwater analytical results. The charge balance for the 

filtered sample was acceptable. 

In situ groundwater. Review of published regional maps of 

several bedrock groundwater characteristics as compared to 

groundwater recently sampled at Linde indicate the following: 

Sulfate 

Chloride 

Published 
Range Cppm) 

1,000-1,500 

1,500-2,000 

Well B29W09D 

7,560 

1,580 

Chloride content is within the range of the published values; 

sulfate content, however, is extremely high. 
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Published analytical results for two groundwater samples 

reported to have been collected from the Camillus Shale of the 

Salina Group are listed in Table 4-68. The calculated major cation 

and anion charge balance is also reported for these samples. 

Regional samples from the Camillus Shale have a pH of 

approximately 7.0 and a TDS content of 1,610. The pH of the purged 

sample collected from well B29W09D was 9.25, with a TDS content of 

13,200. 

The program HC-GRAM was used to compare groundwater samples 

from the Camillus Shale with the Linde groundwater verification 

sample. Results of the comparison are shown in Figure 4-17. The 

data are plotted as equivalents per million for the three samples 

[Camillus Shale (Cam-1 and Cam-2) and 129-W-Filtered-0692 (0692)]. 
This figure graphically illustrates the differences in composition 

of the groundwater verification sample and the samples from the 
Camillus Shale. Concentrations of sodium and sulfate are higher in 

the Linde sample than in the samples from the shale; both of these 

ions are components of the effluent injected into the wells at 
Linde. 

Before it was sampled, B29W09D was redeveloped to clear the 

solids that had formed since it was installed. A significant mass 

[approximately 0.3 m (1ft)] of solids were found in the sump of 

the well; these solids had likely precipitated from the high TDS 

groundwater oxidizing in the well and fines passing through the 

screen. The solids were sampled and analyzed as sediment sample 

129-9D-SD-0292; analytical results are reported in Table 4-68. 

Concentrations of uranium, thorium, and vanadium in this sample 

were higher than those in filtered and unfiltered samples collected 

after the well was purged. These metals are present as sub-micron 

particles andfor colloids and were probably components of the 
injected effluent. 

injection well plugging. Plugging of the injection wells is 

believed to have been caused by precipitation of effluent 

components. To investigate the conditions under which this may 

have occurred, analytical data for the filtered Linde groundwater 

sample (129-W-Filtered-0692) were assessed using the 

MINTEQA2/PRODEFA2 geochemical program. Results of this program 
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indicate saturation indexes of fluids under specified conditions. 
Two geochemical conditions were analyzed: 

1. The derived total dissolved carbonate concentration of the 
effluent at a pH of 9.6 was specified in the program, along 
with the reported anion and cation concentrations, to 
predict possible precipitation. 

2. A pH range (12.0, 11.0, 10.0, and 9.6) similar to that of 
the injected effluent was specified, allowing precipitation 
to be analyzed. 

Results of the first analysi~ show that both barite (BaS04 ) and 

gypsum (CaS04•2H20) have positive saturation indexes at a pH of 9.6 

and would probably precipitate. Results of the second analysis, 
covering a pH range from 12.0 to 9.6, indicate that: 

1. Barite and brucite Mg(OH} 2 would be possible precipitates 

at a pH of 12.0. 

2. No additional compounds reach saturation at a pH of 11.0; 
both barite and brucite remain stable. 

3. Brucite dissolves at a pH of 10~0. 

4. Gypsum would be a possible precipitate at a pH of 9.6. 

Results of this geochemical assessment using current chemical 
data for groundwater at Linde indicate that the saturation indexes 
of both barite and gypsum are positive under the specified 
conditions, which means that these components would probably 
precipitate. 

Although information on the exact composition of the injected 
effluents is not available, the mixtures were known to be heated, 
of high pH, and rich in common cations, anions, and complex aqueous 
species. Therefore, carbonates and sulfates (including common 
minerals such as calcite, dolomite, gypsum, and barite) would be 
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expected to precipitate. Along with these minerals, precipitates 
of uraninite, uranium carbonates, and sulfates would also be 

expected. 
The chemical composition of water from well B29W09D is more 

similar to the composition of the effluent injected at Linde than 
to the composition of bedrock groundwater in the area. Therefore, 
precipitates from ion-rich effluents probably caused plugging of 
the injection wells. 

conclusions. The following conclusions can be drawn regarding 
disposal of uranium processing effluents at Linde. 

1. Evaluation of existing data indicates that most of the 
injected effluent bypassed the well casing and entered the 
more permeable zones of the Salina Group and the overlying 
glacial fluvial material. 

2. Analytical results for the validation groundwater sample 
indicate groundwater composition is more like the 
composition of the injected effluent than the bedrock 
groundwater in the area. 

3. A geochemical assessment of the validation ·groundwater 
sample indicates that the saturation indexes for barite and 
gypsum are positive; therefore these components are 
possible primary precipitates at Linde. 

4. Because of the nature of the effluent, precipitates of 
uraninite, uranium carbonates, and sulfates would also be 
expected. 

These conclusions are the basis for conclusions reported in 
Section 5.4.1 under "Contact-zone aquifer." 

Perched Groundwater System 

Linde is generally covered by a thin veneer of coarse- grained 
fill material [0 to 1.2 m (0 to 4 ft) thick] with localized pits 
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and old building foundations that contain fill to depths as great 

as 5 m (17ft). Undisturbed sediments that underlie the surface 

fill material are composed primarily of clay and sandy clay. These 

soils have low permeability, which precludes infiltration of 

significant quantities of precipitation. Infiltrating water tends 

to flow laterally along the contact surface of the undisturbed 

sediments in the fill material and discharges into streams and 

wetlands where the natural clay materials are at the surface. 

Subsurface pending occurs in the buried pits and old building 

foundations containing fill material. Water trapped in these areas 

will percolate downward at a slow rate because of the low 

permeability of the underlying clays. Flow directions in the fill 

material generally correspond to the surface topographic 

configuration. Analyses of surface water contamination were 

performed during previous investigations: results of these analyses 

are discussed in Section 4.2. 

Shallow semiconfined system 

No wells have been installed in the shallow semiconfined 

system, but conditions in this system are believed to be similar to 

those at the Ashland properties. Wells installed in the shallow 

semiconfined system at Ashland 2 and Ashland 2 South are completed 

in silty sand lenses within glaciolacustrine clays. Analyses of 

groundwater samples from these wells indicate radioactive and 

chemical contamination at or very near background levels (see 

Section 4.3.2). These lenses, therefore, are effectively isolated 

from surface water infiltration. 

4.3.2 Ashland 1, Seaway, and Ashland 2 

Deep Aquifer 

The stratigraphy underlying the Ashland and Seaway properties 

is similar to that at Linde (see Secticn 3.4.6). Bedrock composed 

of fractured, highly weathered shale is encountered at a depth of 

24 to 27m (80 to 90ft). The bedrock erosional surface is 
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overlain by glacial tills that 

to as much as 11.5 m (38 ft). 

till deposits are overlain by 

section of glacial lake clays. 

range in thickness from a few feet 

The porous and permeable glacial 

a thick [18 to 24m (60 to 80ft)] 

This section of lake deposits is 

predominantly composed of clay and silty clay with minor 

interbedded thin sand lenses. The clay unit serves to effectively 

isolate the weathered bedrock and glacial tills from surface water 

infiltration, thus precluding contamination of the deep aquifer 

system from surface sources at the Ashland and Seaway properties. 

Four monitoring wells at Ashland 1 and 12 at Ashland 2 were 

sampled for analysis of radioactive constituents in the 

groundwater, and 6 wells at Ashland 2 were sampled for analysis of 

chemical constituents. Well locations are shown in Figure 2-21. 

The wells were sampled on a quarterly basis for three quarters 

during 1989 and 1990. Analytical results are summarized in 

Tables 4-69 through 4-73. 

Analysis of groundwater samples confirmed that radionuclide and 

chemical concentrations are at or near background levels and are 

well below DOE derived concentration guide (DCG) levels. Nine deep 

wells at Ashland, Ashland 2, and Ashland 2 south were sampled for 

radioactive contamination; four of the deep wells at Ashland 2 

South were sampled for chemical contaminants (inorganics and 

organics). No significant levels of contamination were reported; 

however, the fact that the wells were not adequately purged may 

compromise the validity of the data. 

No apparent contamination has been detected in the deep aquifer 

at the Ashland and Seaway properties. 

Shallow Semiconfined System 

Wells completed at Ashland 2 and Ashland 2 South, in what has 

historically been referred to as the shallow groundwater system, 

are actually completed in silty sand lenses within the thick lake 

clay section. Hydrograph performance showing slow recovery after 

drawdown confirms the isolated characteristic of the zones. 

Radiological and chemical sampling results confirm that these silty 

sand lenses are effectively isolated from surface water 
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infiltration; therefore, downward migration of contaminants into 
these lenses is unlikely. Contaminant concentrations are at or 

very near measured background levels and are well below DOE DCGs. 

One of the shallow wells at Ashland 1 is completed in a zone 

similar to that described for Ashland 1 and Ashland 2 South, and 

laboratory results are similar. The other shallow well at 

Ashland 1 is completed in a sandy interval immediately underlying 

surface fill materials. Both of these wells show slightly elevated 

concentrations of total uranium; however, the levels reported are 

an order of magnitude below DOE DCGs. 

Perched Groundwater system 

As was the case at Linde, a thin layer of fill overlies the 
thick lake clay sediments at the Ashland and Seaway properties. 

Infiltrating precipitation at these locations tends to flow along 

the contact between the undisturbed clay material and the base of 

the fill. one well at Ashland 1 (B03W004) was completed in a thin 

sand lens at the base of approximately 3 m (10 ft) of fill 

material. Slightly elevated concentrations of radioactive 

contaminants were recorded for samples collected in this well; 

however, the concentrations reported were well below DOE DCGs. 
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Figure 4-16 
Schematic Drawing Showing Fate of Injection 

Well Fluids at Linde 
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Chemical Constituents in Equivalents per Million 

Sample NaK Ca Mg Fe co3 so4 HC03 Cl 

0692F 158:29 18.91 4.89 0.00 0.00 157.40 1.97 44.57 
CAM-1 8.90 10.58 10.20 0.00 0.00 11.66 8.20 9.87 
CAM-2 0.79 14.97 7.90 0.00 0.00 19.03 3.93 0.56 

Na+K Cl 

Ca HC03 

Mg so4 

Fe co3 

Na+K Cl 

Ca HC03 

Mg so4 

Fe co3 

Na+K Cl 

Ca HC03 

Mg so4 

Fe co3 

Camillus (CAM) 
CAM-1 and CAM-2 data from LaSala 1968. 

Figure 4-17 
Stiff Plots Showing Major Cations and Anions in the Linde Validation 

Sample (0692F) and in Representative Groundwater Samples 
from the Niagara Area (CAM-1 and CAM-2) 
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Table 4-1 
constituents of Interest at the Tonawanda Site 

and Their sources 

Page 1 of 2 
Source 

Stage 1 filter cake 

Stage 2 filter cake 

Processing effluents 

Fly ash 

Slag 

503_0064 (12/28/92) 4-119 

Constituent 

Aluminum 
Calciuma 
Copper8 

Iron 
Lead a 
Magnesium 
Manganese a 
Sulfa tea 

Radium-22 6a,b 
Thorium-2308 

Uranium-238 8 

Bariumb 
Calcium 
Lead a 
Manganese 
Sulfa tea 
Vanadiuma 

Radium-2 2 6a,b 
Thorium-2308 

Uranium-238 8 

Calcium 
Chlorideb 
Iron 
Molybdenum 
Sodiuma 
Sulfate8 

Radium-22 6a,b 
Uranium-238 8 

Arsenic8 

Iron 
Lead a 
Manganese 
Nickel a 
Uranium-238 

Radium-226 
Thorium-230 
Thorium-232 8 

Calcium8 

Iron 
Magnesiuma 
Manganese 



Page 2 of 2 

Source 

Refinery Wastesc 

Table 4-1 

(continued) 

Constituent 

Arsenic 
Benzene8 

Chromium a 
Ethylbenzene8 

Lead 
Longchain hydrocarbonsa 
Methylene chloride 
Molybdenuma 
Nickel 
Polynuclear aromatics 
Toluenea 
Xylenes 8 

8Analyte can be used as an indicator parameter 
for associated source. 

bAnalyte associated with African ore 
processing. 

0 Present primarily at Ashland 1 and Ashland 2. 
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Table 4-2 

Background Concentrations of Metals and Radionuclides in Soil, 

Ashland 2 South and Tonawanda Area 

Ashland 2 South• 
Analyte Range Mean Std Dev. Erie Countyb Rural Value0 Urban Valued ORAu• 

Metals (ppm) 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium· 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Radionuclides 

Uranium-238 
Radium-226 
Thorium-230 
Thorium-232 

9,280 - 18,600 
6.6 10 

16.5 25.1 
80.2 165 

0.83 - 1.4 
16.5 25.1 

0.83 - 1.3 
1,490 - 66,100 

17.2 27.4 
8.3 12.5 

14 25.8 
16,400 - 31,500 

24.1 48.4 
3,020 - 18,400 

224 1,060 
16.5 25.1 
18 29 

1,050 2,710 
96.4 192 
1.7 5.3 

826 1,250 
34.3 68.3 
19.5 31.8 
66.1 102 

(pCi/g) 

2.0 4.0 
1.0 1.6 
1.1 1.8 
1.0 1.6 

13,975.56 3,324.21 
8.24 1.21 

20.47 2.95 
112.81 27.77 

1.08 0.18 
20.47 2.95 
1.03 0.16 

32,876.67 26,798.81 
21.48 3.73 
10.53 1.36 
18.28 3.73 

23,700 4,816.12 
36 9.78 

10,421.11 5,807.47 
542.56 251.93 
20.47 2.95 
22.52 4.14 

1,625.56 627.26 
149.16 33.36 

2.91 1..33 
1,023 146.25 

48.36 10.71 
24.51 3.58 
84.77 15.36 

3.1 0.6 
1.1 0.2 
1.4 0.3 
1.2 0.3 

30,000 18,300 
ND9 <60 
13 3.2 

500 49.1 
ND' <0.8 
70 NA 
ND <4 

2,800 2,520 
30 12.5 
15 <4 
20 15.3 

30,000 15,300 
30 41.4 

7,000 1,840 
300 107 

3 <20 
15 14.1 

16,600 5,330 
0.4 <0.5 

ND <8 
7,000 <400 

ND <10 
70 22.9 
63 73 

NA NA 
NA NA 
NA NA 
NA NA 

10,500 
<20 

7 
246 

0.7 
NA 

2.3 
26,800 

31 
7.8 

65 
24,700 

557 
11,300 

489 
<8 
26 

923 
NA 
<4 

<400 
<10 

39 
<20 

NA 
NA 
NA 
NA 

NAt 
NAf 
NAt 
NAt 
NAt 
NAt 
NAt 
NAt 
NAt 
NAt 
NAt 
NAt . 
NAt 
NAt 
NAt 
NAt 
NAt 
NAt 
NAt 
NAt 
NAt 
NAt 
NAt 
NAt 

2.8 
0.64 
0.73 
0.56 

•samples taken from boreholes B55G030, B55G031, B55G034, B55G039, and B55G045. Boring logs indicate that all 
samples from these boreholes had similar texture. 

boSGS 1981. 
0 Samples taken in West Seneca, New York, approximately 24 km (15 mi) southeast of Tonawanda, on Reserve Road 

(New York Department of Health data~ considered background for hazardous waste site evaluations). 
dsamples from Buffalo residential area (New York Department of Environmental Conservation Kingsley Park 

Investigation). 
8 0RAU 1981. 
tNA - notal analyzed. 
9ND - not detected. 
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TABLE 4-3 
Summary of Residual Contamination Guidelines• 

BASIC DOSE LIMITS 
The basic limit for the annual radiation dose received by an Individual member of the general public is 
100 mremtyr. In implementing this limit, DOE applies as low as reasonable achievable principles 
to set site-specific guidelines. 

SOIL GUIDELINESb,o,d,o 

Radium-226 
Radium-228 
Thorium-230 
Thorium-232 

Uranium' 

WATER GUIDELINES 
DOE Derived Concentration G·uldellnes• 
Radium-226 
Thorium-230 
Thorium-232 
Uranium-238 
Uranium-235 
Uranium-234 
Total Uranium" 
DOE Drinking Water Guidelines• 
Radium-226 + Radium-228 
Gross Alpha 

STRUCTURE GUIDELINES 
Airborne Radon Decay Products 

5 pCi/g above background when averaged over the first 15 em (Sin.) 
of soil below the surface; 15 pCi/g above background when aver 
aged over any 15-cm (6-in.)-thick soil layer below the. surface layer. 

Guideline was developed on a site-specific basis. A value of 60 pCi/g 
for uranium was used to evaluate whether an area at the Tonawanda 
site was contaminated. 

1 00 pCVL (1 00x1 ~ IJCi/mL) 
300 pCVL (300X1 o~ !JCi/mL) 
50 pCVL (50x1 ~ !JCi/mL) 

600 pCVL (600X1 o~ !JCilmL) 
600 pCVL (600X1 o~ jJCilmL) 
500 pCVL (500x1 ~ !JCilmL) 
500 pCVL (500x1~ !JCilmL) 

5 pCVL (5x1 ~ IJCi/mL) 
15 pCVL (15x1 ~ !JCi/mL) 

Generic guidelines for concentrations of airborne radon decay products shall _apply to existing occupied or habitable 
structures on private property that has no radiological restrictions on its use; structures that will be demolished or 
buried are excluded. The applicable generic guideline (40 CFR 192} is: In any occupied or habitable building, the 
obiective of remedial action shall be, and reasonable effort shall be made to achieve, an annual average (or 
ec. :valent} radon decay product concentration (including background) not to exceed 0.02 WLI. In any case, the 
rac~'n decay product concentration (including background) shall not exceed 0.03 WL. Remedial actions are not 
required in order to COOl>IY with this guideline when there is reasonable assurance that residual radioactive 
materials are not the cause. 

External Gamma Radiation 
The average level of gamma radiation Inside a building or habitable structure on a site that has no radiological 
restrictions on its use shall not exceed the background level by more than 20 JlA!h and will comply with the basic 
dose limits when an appropriate-use scenario is considered. 

Indoor/OUtdoor Structure SUrface Contamination 

Radlonucllda1 

Transuranics, Ra-226, Ra-228, Th-230, Th-228 
Pa-231, Ac-227, 1-125, 1-129 
Th-Natural, Th-232, Sr-90, Ra-223, Ra-224 
U-232, 1-126, 1-131, 1-133 
U-Natural, U-235, U-238, and associated decay products 
Beta-gamma emitters (radionuclides with decay 
modes other than alpha emission or spontaneous 
fission except Sr-90 and others noted above} 

4-122 

Allowable SUrface Residual Contamlnatlonk 
(dpm1100 cml) 

Avaragem,n Maxlmumm.o Ramovablem,p 

100 

1,000 

5,000 a 

5,000 B- "f 

300 

3,000 

15,000 a 

15,000 B- "f 

20 

200 

1,000 a ' 

1,000 B- "f 
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TABLE 4-3 
(CONTINUED) 

aDepartment of Energy, 1990. Order 5400.5, "Radiation Protection of the Public and the Environment" (February 8). 

bsoil guidelines are also used for sediment because there are no sediment guidelines. 

c-rhese guidelines take into account Ingrowth of radium-226 from thorium-230 and of radium-228 from thorium-232, 
and assume secular equilibrium. If either thorium-230 and radium-226 or thorium-232 and radium-228 are both 
present, not in secular equilibrium, the guidelines apply to the higher concentration. If other mixtures of 
radio nuclides occur, the concentrations of individual radio nuclides shall be reduced so that (1) the dose for the 
mixtures will not exceed the basic dose limit, or (2) the sum of ratios of the soil concentration of each radionuclide 
above background to the allowable limit for that radionuclide will not exceed 1 ("unity"). 

dThese guidelines represent allowable residual concentrations exceeding background levels averaged across any 
15-cm (6-in.)-thick layer to any depth and over any contiguous 1 00-rrf (1,076-fF) surface area, except as noted. 

9 1f the average concentration in any surface or below-surface area less than or equal to 25 m2 (269 ft2) exceeds the 
authorized limit or guideline by a factor of (100/A)112, where A is the area of the elevated region in square meters, 
limits for "hot spots" shall also be applicable. Procedures for calculating these hot spot limits, which depend on the 
extent of the elevated local concentrations, are given in the supplement. In addition, every reasonable effort shall 
be made to remove any source of radionuclide that exceeds 30 times the appropriate limit for soil, irrespective of 
the average concentration in the soil. 

f Guidelines are calculated on a site-specific basis using a DOE manual developed for this use. 

9Based on an individual receiving an effective dose equivalent of 1 00 mrem (0.1 mSv) in a year. 

hThe guideline for total uranium is the most stringent guideline for a uranium isotope - uranium-234. 

i Based on an individual receiving an effective dose equivalent of 4 mrem (0.04 mSv) in a year. 

i A working level (Wl) is any combination of short-lived radon decay products in 1 liter of air that will result in the 
ultimate emission of 1.3 x 105 MeV of potential alpha energy. 

k As used in this table, disintegrations per minute (dpm) means the rate of emission by radioactive material as 
determined by correcting the counts per minute observed by an appropriate detector for background, efficiency, 
and geometric factors associated with the instrumentation. 

1 Where' surface contamination by both alpha- and beta-gamma-emitting radi~nuclides exists, the limits established for 
alpha- and beta-gamma-emitting radionuclides should apply independently. 

mMeasurements of average contamination should not be averaged over more than 1 m2 (1 0.8 ft2). For objects of 
less surface area, the average shall be derived for each such object. 

"The average and maximum radiation levels associated with surface contamination resulting from beta-gamma 
emitters should not exceed 0.2 mrad/h and 1.0 mrad/h, respectively, at 1 em (0.4 in.). 

t>rhe maximum contamination level applies to an area of not more than 100 cm2 (16 in.2). 

Prhe amount of removable radioactive material per 100 crrf (16 in.2) of surface area should be determined by wiping 
that area with dry filter or soft absorbent paper, applying moderate pressure, and measuring the amount of radioac
tive material on the wipe with an appropriate instrument of known efficiency. When removable contamination on 
objects of surface area less than 100 crrf (16 in.2) is determined, the activity per unit area should be based on the 
actual area and the entire surface should be wiped. The numbers in this column are maximum amounts. 
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Table 4-4 

Maximum Contaminant Levels for organic Compounds 

Compound 

Benzene 

Carbon tetrachloride 

p-Dichlorobenzene 

1,2-Dichloroethane 

1,1-Dichloroethene 

1,2-Dichloroethene 

Ethylbenzene 

Tetrachloroethene 

Toluene 

1,1,1-Trichloroethane 

Trichloroethene 

Vinyl chloride 

Xylenes 

2,4-D 

2,4,5-TP Silvex 

Endrin 

Methoxychlor 

Toxaphene 

Safe Drinking Water Act 
Maximum Contaminant Levela 

(J.£g/L) 

5 

5 

7.5 

5 

7 

100 

700 

5 

1,000 

200 

5 

2 

2 

100 

10 

0.2 

100 

5 

8 40 CFR 141 Subpart G (141.6 added by 52 FR 25712, 
July 8, 1987: revised by 56 FR 3528, 
January 30, 1991). 
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Table 4-5 

Metals concentrations in a Linde Borehole (B29R61) 

contaminated with Fly Ash 

Analytea 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

% Solids 
Chloride 
Nitrate 
Sulfate 

Uranium-238 
Radium-226 
Thorium-232 
Thorium-230 

B29R61b 
0-2 ft 

(Fill: Gravel with clay, 
slag, and fly ash; grayish 

black) 

7,380 
11. 7c 
62.6 
96.2 
1.3 

32.3 
1.4 

85,100 
35.1 
9. 8c 

151 
14;600 

121 
8,840 

702 
19. 5c 
31.8 

976c 
107 

3.7 
976c 

19. 5c 
22.2 

146 

85.8 
23. 3c 

0.56 
272 

<10.0 
2.1 ± 0.6 
1.4 ± 0.9 
5.1 ± 0.6 

B29R61b 
2-6 ft 

(Clay; brown) 

12,000 
13. 3c 
99.9 

141 
1.1c 

23.1 
1.1 c 

5,390 
24.1 
11.1c 
26.4 

22,000 
27.2 

6,400 
502 

22. 2c 
36.5 

1,120 
168 

5.4 
1, 110c 

24.8 
32.4 

118 

82.5 
17.2 
1.6 

233 

NAd 
NA 
NA 
NA 

8 Concentrations of metals and anions are given in mgjkg; 
radionuclide concentrations are in pCijg. 

hsampling location is shown in Figures 2-2 and 4-3. 
csample detection limit. 
dNA - not analyzed. 
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Table 4-6 
Radionuclide Concentrations in Soil in 

Areas of Radioactive Contamination at Linde 

Pa e 1 of 3 

Sampling uranium-238 Radium-226 Thorium-232 Thorium-230 
Borehole• Depth (ft) (pCi/g) (pCi/g) (pCi/g) (pCi/g) 

Background (mean) 

Area 1 3.1 1.1 1.2 1.4 

B29R01 0 - 1b 16.0 4.0 2.0 1.5 
1 - 2 8.0 3.0 1.0 2.4 

B29R05 0 - 1 8.0 4.0 1.4 4.4 
1 - 2" 14.0 8.0 1.0 23.0 
2 - 3 11.0 1.7 2.0 1.3 

B29R07 0 - 1" 15.0 7.0 2.0 30.0 
2 - 3 9.0 1.0 1.0 1.1 

B29R10 0 - 2b 9.0 5.0 1.0 5.9 
2 - 4". 16.0 7.0 1.0 12.0 

B29R12 0 - 1b 11.0 4.0 3.0 2.7 
2 - 4 6.0 2.3 2.0 1.5 

Minimum 6.0 1.0 1.0 1.1 
Maximum 16.0 8.0 3.0 30 
Mean 11.2 4.3 1.6 7.8 
Standard Deviation 3.4 2.2 0.6 9.4 

Area 2 

B29R65 0 - 1b 8.0 3.5 1.0 7.2 
1 - 2 9.0 2.5 1.9 2.8 

B29R66 0 - 1 4.0 0.6 0.4 0.9 
2 - 4b 40.0 2.2 1.0 1.3 

B29R68 0 - 2" 14.0 3.1 1.0 6.3 
B29R69 0 - 2" 16.0 14.0 3.0 23.0 

2 - 4 4.0 1.2 1.2 2.8 
B29R71 0 - 1b 15.0 3.2 0.9 5.0 

2 - 4 16.0 2.3 1.0 3.0 
B29R73 0 - 1b 7.0 2.4 2.5 6.7 

1 - 2 7.0 2.5 1.0 3.6 

Minimum 4.0 0.6 0.4 0.9 
Maximum 40.0 14.0 3.0 23.0 
Mean 12.7 3.4 1.4 5.7 
Standard Deviation 9.7 3.4 0.7 5.8 

Area 3 

B29R100 0 - 1b 7.0 2.2 2.5 6.0 
2 - 4 7.0 1.1 0.7 1.5 

B29R101 1 - 3" 54.0 12.0 2.0 23.0 
3 - 5 8.0 1.5 1.3 1.6 

B29R103 1 - 1. 5" 7.0 8.0 2.2 16.0 
3 - 4 4.0 1.1 1.2 1.6 

B29R104 0 - 1b 8.0 3.3 3.3 4.2 
1 - 2 4.0 2.1 0.9 8.7 

B29R105 0 - 2" 9.0 1.9 0.6 2.0 
2 - 3" 31.0 5.0 1.2 8.2 

B29R112 0 - 1b 15.0 4.0 1.0 5.7 
2 - 3 6.0 2.3 2.0 1.9 

B29R114 0 - 2b 9.0 5.5 2.6 4.2 
2 - 3 7.0 2.3 1.2 1.3 
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Table 4-6 

(continued) 

Pa e 2 of 3 

Sampling Uranium-238 Radium-226 Thorium-232 Thorium-230 
Borehole• Depth (ft) (pCi/g) (pCi/g) (pCi/g) (pCi/g) 

Area 3 (cont'd) 

B29R116 0 - 1" 150.0 240.0 5.0 710.0 
2 - 3" 170.0 22.0 3.0 46.0 

B29R128 0 - 0.5 5.4 1.3 0.9 0.5 
0 - 1" 4.0 4.9 0.9 21.0 
1 - 2 6.4 1.8 0.9 2.3 
2 - 3 5.9 1.4 1.0 2.6 

B29R129 0 - o.5b 16 9.1 0.9 6.3 
B29R130 0 - o.5b 6.9 4.0 1.4 12.0 
B29R132 0 - o.5b 16.0 9.1 0.9 6.3 
B29R134 0 - o.5b 4.7 1.6 1.1 6.5 
B29R138 0 - o.5b 9.6 3.6 0.8 5.5 
B29R140 0 - o. 5b 10.0 5.2 0.7 8.2 
B29R142 0 - 1" 14.0 6.7 1.0 15.0 

1 - 2 8.4 1.6 1.4 2.6 
2 - 3 5.2 1.6 1.0 1.5 

B29R143 0 - 1 10.0 3.6 1.2 2.6 
1 - 2 4.9 1.1 1.4 1.1 
2 - 3" 8.0 1.1 1.8 17.0 

B29R144 0 - 1b 5.5 3.7 1.4 10.0 
1 - 2 5.3 1.2 1.0 0.4 
2 - 3 5.6 1.2 1.5 0.6 

B29R145 0 - 1" 100.0 43.0 1.9 110.0 
1 - 2" 21.0 17.0 2.2 40.0 
2 - 3" 8.3 12.0 1.0 29.0 

B29R146 0 - 1" 37.0 14.0 1.2 65.0 
1 - 2 2.6 2.1 1.1 2.6 
2 - 3 5.1 1.6 1.1 2.3 

B29R151 0 - 1b 2.6 2.3 1.3 7.5 
1 - 2 8.3 0.8 1.0 1.2 
2 - 3 6.8 0.7 0.8 1.2 

B29R152 0 - 1b 2.6 2.3 1.3 7.5 
1 - 2 8.3 0.8 1.0 1.2 
2 - 3 6.8 0.7 o.8 1.2 

B29R153 0 - 1 8.6 3.7 0.9 0.8 
1 - 2" 3.7 0.7 1.2 26.0 
2 - 3 2.8 0.9 1.3 1.2 

B29W11D 0 - 1b 12.0 5.0 1.0 5.7 
4 - 5 6.0 1.6 1.1 1.0 

Minimum 2.6 0.7 0.6 0.4 
Maximum 170.0 240.0 5.0 710.0 
Mean 17.1 9.4 1.4 24.4 
Standard Deviation 32.9 33.3 0.8 97.1 

Area 4 

B29R23 0 - 2b 13.0 6.0 1.0 1.3 
2 - 4 17.0 2.0 2.0 1.6 

B29R24 0 - 1.5 4.0 0.8 1.0 0.7 
1 - 3" 8.0 5.5 1.2 14.0 

B29R25 0 - o. 5" 24.0 3.8 1.0 18.0 
2 - 4 5.0 1.0 1.0 1.7 

B29R27 2 - 4" 83.0 3.7 0.9 38.0 
4 - 5 7.0 1.7 1.0 2.3 
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Table 4-6 

(continued) 

Pa e 3 of 3 

sampling Uranium-238 Radium-226 Thorium-232 Thorium-230 
Borehole• Depth (ft) (pCi/g) (pCi/g) (pCi/g) (pCi/g) 

Area 4 (cont'd) 

B29R28 1 - 2"' 20.0 10.0 1.0 27.0 
2 - 4 5.0 5 .o 1.0 7.4 

B29R29 0 - 1"' 88.0 42.0 1.0 88.0 
2 - 4"' 32.0 14.0 1.0 19.0 

B29R32 0 - 1b 7.0 4.0 1.6 6.3 
2 - 3 5.0 1.6 1.0 2.0 

B29R34 0 - 2"' 60.0 14.0 2.0 25.0 
2 - 4"' 20.0 7.0 1.0 10.0 
4 - 6 14.0 1.7 3.0 1.7 

B29R36 1.5 - 2.5"' 21.0 3.1 1.2 5.4 
6.5 - 7.5° 30.0 1.1 1.4 1.6 

B29R38 1 - 3"' 930.0 150.0 3.0 820.0 
5 - 7"' 62.0 9.0 1.4 33.0 

B29R40 2 - 3"' n.o 1.6 1.0 5.1 
5 - 6 8.0 2.2 3.0 1.0 

B29R41 1 - 2 2.0 1.6 1.0 2.1 
2 - 3"' 15.0 13.0 1.0 16.0 

B29R43 0 - 2b 10.0 4.0 3.0 2.9 
2 - 4 9.0 2.7 1.0 2.4 

B29R44 0 - 1b 10.0 2.7 0.7 6.5 
2 - 3 9.0 2.2 1.4 1.5 

B29R45 1 - 2"' 43.0 11.0 2.0 19.0 
2 - 3 9.0 1.3 1.0 1.8 

B29R46 0 - 1" 170.0 22.0 1.0 110.0 
2 - 3" 100.0 6.0 1.3 24.0 

B29R48 0 - 21> 11.0 2.4 4.0 2.3 
2 - 6 8.0 2.5 1.0 1.4 

B29R50 0 - 21> 6.0 2.6 1.0 6.1 
2 - 4 7.0 1.5 1.0 1.8 

B29R52 0 - 1 7.0 1.8 1.0 4.1 
1 - 2" 12.0 6.0 1.0 14.0 

B29R53 0 - 1b 11.0 6.0 1.0 4.5 
1 - 2 8.0 2.4 1.0 2.2 

B29R125 0 - 1.5° 9.0 7.0 2.0 2.6 
1.5 - 3"' 45.0 24.0 2.0 13.0 
3 - 60 100.0 30.0 2.0 27.0 

B29W9D 0 - 20 13.0 7.0 1.0 15.0 
2 - 4 2.0 1.0 1.0 1.2 

Minimum 2.0 0.8 0.7 0.7 
Maximum 930.0 150.0 4.0 820.0 
Mean 46.8 9.8 1.4 30.7 
Standard Deviation 136.0 22.4 0.7 119.5 

•sampling locations are shown in Figure 2-1. 

· J>aadioactively contaminated to 0.15 m (0.5 ft). 

0Radioactively contaminated soil interval. 
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Pa e 1 of 5 

Compound 

voce 

Methylene chloride 
Toluene 
trans-1,2-Dichloroethene 

BRAEs 

4-Methylphenol 
2-Methylnaphthalene 
Acenaphthene 
Anthracene 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 

f Benzo(g,h,i)perylene 
~ Benzo(a)pyrene 
~ bis(2-Ethylhexyl)phthalate 

Chrysene 
Dibenz(a,h)anthracene 
Dibenzofuran 
Di-n-butylphthalate 
Fluoranthene 
Fluorene 
Indeno(1,2,3-cd)pyrene 
Naphthalene 
Phenanthrene 
Pyrene 

Tau ... e 4-7 

Organics Detected in Soil at Linde 

Sampling Locationa and Depth <ft) 
B29W10D 

0-2 2-4 4-6 

(Concentrations are reported in units of M9/kg) 

8 
62. 
__ b 

__ b 

190° 
540 
870 

2,700 
1,500 
2,000 
1,700 
2,000 

190d 
2,800 

420 
280d 
250d 

3,600 
540 

1,500 
160" 

3,200 
3,100 

__ b 

7.7 
3 

__ b 

__ b 

__ b 

__ b 

140" 
110" 

81" 
44" 
87" 

180d 
170" 

__ b 

__ b 

240d 
200" 

__ b 

__ b 

__ b 

140" 
200" 

__ b 

13 
42 

__ b 

__ b 

__ b 
__ b 

53" 
1,100 

43" 
1,400 
1,200 

250d 
57" 
__ b 

__ b 

210d 
90° __ b 

__ b 

__ b 

54" 
75" 

0-2 

6.8 
45 __ b 

__ b 

70b 
120b 
290b 

1,200 
110" 
670 

91" 
98" 

SlOe 
1,700 

380" 
56" 

280d 
2,700 

110" 
1,200 

58" 
1,600 
2,200 

B29W9D 
2-4 

4 
16 
__ b 

120b 
__ b 

__ b 
__ b 

98" 
__ b 

120" 
__ b 

__ b 

170d 
170" 

__ b 

__ b 

240d 
290" __ b 

94" 
__ b 

140" 
200" 

4-6 

__ b 

1.4 __ b 

__ b 
__ b 

__ b 

__ b 

__ b 

-~b 
__ b 

__ b 

__ b 

140d 
__ b 

__ b 

__ b 

230d 
__ b 
__ b 

__ b 

__ b 

__ b 

__ b 



Table 4-7 

(continued) 
Pa e 2 of 5 

Sam:Qling Location• and De:Qth (ft) 
B29R48 B29R10 B29R34 

Compound 0-2 2-6 0-2 2-6 0-2 2-6 

(Concentrations are reported in units of J.Lgfkg) 
VOCB 

1,1,1-Trichloroethane 1.2 __ b --b __ b __ b __ b 

1,1,2,2-Tetrachloroethane 1.2 
__ b --b 

__ b __ b __ b 

Methylene chloride 6.8 
__ b --b __ b __ b __ b 

Toluene 21 35 3.4 __ b 75 16.3 
Trichloroethane --b --b --b --b 2.2 

__ b 

BNAEB 

2-Methylnaphthalene 210° 
__ b 

60° 
__ b __ b __ b 

Acenaphthylene 150° 
__ b __ b __ b --b 

__ b 

Anthracene 90" 
__ b 

200° 
__ b 74" 

__ b 

Benzo(a)anthracene 670 
__ b 

570 __ b 470 
__ b 

Benzo(b)fluoranthene 860 
__ b 350° 

__ b 440 
__ b 

Benzo(k)fluoranthene 860 
__ b 83" 

__ b 
470 

__ b 

A Benzo(g,h,i)perylene 630 
__ b __ b __ b 

330° 
__ b 

I ..... Benzo(a)pyrene 640 
__ b __ b __ b 400° 

__ b 

w bis(2-Ethylhexyl)phthalate 59o• 220d 260 160" 240" 
__ b 

0 
Chrysene 900 

__ b 530" __ b 490 
__ b 

Dibenz(a,h)anthracene 170" 
__ b __ b __ b __ b __ b 

Dibenzofuran 69° 
__ b 

68° 
__ b __ b __ b 

Di-n-butylphthalate 82d 72d 77" 44" 56" 45" 
Fluoranthene 1,ooo• 

__ b 

850 
__ b 

750 
__ b 

Fluorene 94" 
__ b __ b __ b __ b __ b 

Indeno(1,2,3-cd)pyrene 220" 
__ b __ b __ b 

430 
__ b 

Naphthalene 140" 
__ b 

81" 
__ b __ b __ b 

Phenanthrene 420 
__ b 

680 
__ b __ b __ b 

Pyrene 1, 1oo• 
__ b 

790 
__ b 

450 87" 



'l .e 4-7 

(continued) 

Pa e 3 of 5 
sam:Qling Location• and De:Qth (ft} 

B29R61 B29R68 B29R82 
Compound 0-2 2-6 0-2 2-6 0-2 2-6 

(Concentrations are reported in units of J.Lg/kg) 
VOCs 

1,2-Dichloroethane 36 
Chloroform 1. 7f __ b --b __ b --b __ b 

Methylene chloride 49f __ b __ b --b __ b __ b 

Tetrachloroethene 3.8f __ b __ b __ b --b __ b 

Toluene 56f 37 260 130 6 31 
Trichloroethene s. sf __ b __ b __ b __ b __ b 

BRAEs 

2-Methylnaphthalene 830° 
__ b __ b --b 

__ b __ b 

Acenaphthene 820° 
__ b __ b __ b __ b __ b 

Anthracene 710° 
__ b __ b --b 74° 

__ b 

~ 

I Benzo(a)anthracene 3,100° 
__ b 250° 120° age 

__ b 

1-' Benzo(b)fluoranthene 3,200° --b 230° 190° 
__ b __ b 

w 
1-' Benzo(k)fluoranthene 3,100° 

__ b 200° --b 110° 
__ b 

Benzo(g,h,i)perylene 2, 200° 
__ b 180° 

__ b __ b __ b 

Benzo(a)pyrene 3, 000° 
__ b 230° 110° 99o 

__ b 

bis(2-Ethylhexyl)phthalate 530° 130° 750 
__ b __ b __ b 

Chrysene 3,900 
__ b 

310° --b 180° 
__ b 

Dibenz(a,h)anthracene 7,000 
__ b __ b __ b __ b __ b 

Dibenzofuran 640° 47° 
__ b __ b __ b __ b 

Di-n-butylphthalate 
__ b __ b 54° 

__ b __ b __ b 

Fluoranthene 
__ b __ b 

610 260" 460 
__ b 

Fluorene 660° 
__ b --b --b 

__ b __ b 

Indeno(1,2,3-cd)pyrene 2,100° 
__ b __ b --b 

__ b __ b 

Naphthalene 960° 
__ b __ b __ b --b 

__ b 

Phenanthrene 4,700 
__ b 290° 140° 350" __ b 

Pyrena 6,200 
__ b 

340° 200" 320° 
__ b 



.&:>. 
I ..... 

w 
1\) 

Pa e 4. of 5 

Compound 

VOCs 

Chloroform 
Tetrachloroethane 
Toluene 
trans-1,2-Dichloroethene 
Trichloroethane 

Compound 

vocs 

1,1,1-Trichloroethane 
1,2-Dichloroethane 
Bromoform 
Methylene chloride 
Toluene 
trans-1,2-Dichloroethene 
Trichloroethane 

BRAEs 

Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(a)pyrene 
bis(2-Ethylhexyl)phthalate 
Chrysene 
Di-n-butylphthalate 
Fluoranthene 
Indeno(1,2,3-cd)pyrene 
Naphthalene 
Phenanthrene 
Pyrene 

B29R43 
1-2 

Table 4-7 

(continued) 

Sampling Location• and Depth Cftl 
B29R16 

2-6 0-2 2-6 0-2 

(Concentrations are reported in units of ~g/kg) 

__ b __ b --b 2.2 __ b 

1.7 1.7 --b 6.7 1.2 
12 30 130 23 200 
__ b __ b __ b __ b 

9.3 __ b __ b __ b __ b 6.2 

Sampling Location• and Depth (ft} 
B29R30 B29R51 

1-3 3-7 0-2 2-6 

__ b __ b 
2.3 

__ b 

__ b __ b 
3.6 

__ b 

__ b __ b 
5.2 __ b 

.:__b 
__ b 

20 5.5 
17 49 160 26 
__ b __ b 

14 3.8 
__ b __ b 

3.7 
__ b 

__ b __ b 
150" 

__ b 

__ b __ b 
190° 

__ b 

__ b __ b 
310° 

__ b 

__ b __ b 
85° --b 

__ b __ b 
120° 

__ b 

__ b __ b __ b __ b 

__ b __ b 
300" 

__ b 

__ b __ b 
69" __ b 

__ b __ b 
310" 

__ b 

__ b __ b 
93° 

__ b 

__ b __ b 
61" __ b 

__ b __ b 
130" __ b 

__ b __ b 
240° __ b 

B29R23 
2-6 6-8 

__ b --b 
__ b --b 

21 110 
4.1 2.6 

17 42 

B29R101 
1-3 3-7 

--b 
__ b 

--b 
__ b 

__ b __ b 

__ b __ b 

9.8 10.5 
--b 

__ b 

__ b __ b 

--b 
__ b 

--b __ b 

__ b __ b 

__ b __ b 

__ b __ b 

60d 
__ b 

--b 
__ b 

120" 120° 
__ b __ b 

--b __ b 

__ b __ b 

47° 
__ b 

__ b __ b 



Pa e 5 of 5 

e 4-7 

(continued) 

Sampling Location• and Depth Cft) 
B29R40 B29R38 

Compound 2-4 4-7.5 0-2 

(Concentrations are reported in units of ~g/kg) 
vocs 

1,1,2,2-Tetrachloroethane 
1,2-Dichloroethane 
Toluene 
trans-1,2-Dichloroethene 
Trichloroethane 

190 __ b 

__ b 

--b 

b --

•sampling locations are shown in Figure 2-2. 

hoetected at or below the detection limit. 

OValue estimated by laboratory. 

__ b 

1.4 
27 
8.4 

16 

~ ~alue estimated by laboratory; analyte also found in laboratory blank. 
I 
~ •Also found in laboratory blank. 
w 

fDetected at a depth of 0 to 1 ft. 

650 __ b 

__ b 

b --
__ b 

4-8 

--b 
__ b 

165 
4.1 
2.1 

B29R88 
17-21 

__ b __ b 

__ b __ b 

14 
__ b 

--b __ b 

__ b __ b 



Table 4-8 
Concentrations of Metals Sld Raclioru:l ides in Soil in 

Areas 1 Sld 2 at Linde 

SamQling Location' and De~ths ~ftl 
B29R10 B29R10 B29R16 B29R16 B29R68 B29R68 

0-2 2~6 0-2 2-6 0-2 2-6 

(FILL: Clay and (FILL: Clay, gravel, (FILL: Clay (Clay 
gravel , some slag, and fly ash and gravel, brown 

slag and fly ash (Clay multicolor to 2.7 ft; 0.3 ft (Clay brown slag to mod. 
Analyte 0-3 ft) med. plast.) asphalt) med. plast.) 3 ft) plast.) 

Ah.mimm 14,900 11,700 29,600 9,700 7,700 11,200 

Antimony 15.3b 10.~ 10.5b 13.9b 12.2b 14.1b 

Arsenic 65.4 34.7 120 70.8 55.2 87.5 
Barillll 243 109 3n 204 103 104 
Berylli Llll 1.3b 0.89b 4.9 1.2b 1b 1.2b 

Boron 38 19.8 82.7 23.2b 37.7 29.5 
Cadmillll 1.3b 0.89b 0.8~ 1.2b 1b 1.2b 

Calcillll 24,700 55,200 150,000 63,600 63,200 55,900 
Chromillll 45.3 17.4 12.1 16.8 27.6 29.8 
Cobalt 12.8b 8.9b B.~ 11.6b 10.2b 11.~ 
Copper 1,080 22.8 13 20.4 121 25.9 
Iron 27,200 19,400 16,900 16,900 22,100 20,300 
Lead 163 24.9 35.9 23.2b 29.9 27.8 
Magnesillll 7,350 15,500 15,500 13,200 4,810 15,200 
Manganese 570 484 2,130 461 927 566 
Mol ybdenLIII 25.5b 17.9b 17.5b 23.2b 20.3b 23.4b 

Nickel 185 21.6 ~ 32.4 30 26.2 
Potassillll 11710 11710 1,510 11 160b 1 ,020b 1,290 
Selenillll 216 171 156 131 1n 149 
Silver 2.7 1.8b 4.1 3.8 5 5 
Sodillll 1 ,280b 893b 1,250 11 160b 1 ,020b 1, 170b 

Thallillll 80.8 36.9 17.5b 23.2b 30.6 37.2 
Vanadillll 45.6 30 13.8 25.7 16.5 32.5 
Zinc 634 59.5 22.7 79.6 129 142 

Uranillll-238 <9.0 <16.0 <4.0 <9.0 14.0 :1: 6.0 NAC 

Radillll-226 5.0 :1: 1.0 7.0 :1: 2.0 1.2 :1: 0.3 1.7 :1: 0.9 3.1 :1: 0.8 NA 
Thorillll-232 <1.0 <1.0 0.8 :1: 0.4 <1.0 <1.0 NA 
Thorillll-230 5.9 :1: 0.8 12 :1: 2.0 3.4 :1: 0.5 1.6 :1: 0.4 6.3 :1: 0.9 NA 

~etals are reported in mg/kg; radionuclides are in pCi/g. Sampling locations are shown in Figures 2-1 and 2-2. 

bSample detection limit. 

cNA - not analyzed. 
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Table 4-9 
Concentrations of Metals and Radiooocl ides in SOil in 

Areas 3 and 4 at Linde 

samelins Locations• and Deeths {ft~ 
B29R43 B29R43 B29R82 B29R82 B29R101 B29R101 
0-2 2-6 0-2 2-6 1-3 3-7 

(FILL: Clay 
(FILL: Sandy (Clay brown, (FILL: Sandy to 4 ft; (FILL: Clay (Clay brown, 
gravel, red light gray gravel, 50% sand undist. clay 0-1 ft; no plast., 

Analyte• brick to 4 ft) inclusions) to 1.9 ft) to 6 ft) concrete) fissile> 

A luninllll 23,900 13,700 30,800 15,000 19,100 13,300 

Antimony 10.9b 12.6b 13.2 14b 14.3b 12.3b 

Arsenic 166 89.9 207 110 150 99.9 

Barillll 275 129 276 152 205 89.2 

Beryllium 5.5 2.2 6.3 1.2b 1.4 1b 

Boron 61.4 43.3 94.1 35 30 33.8 

Cadmium 1.2 1b 1b 1.2b 1.2b 1b 

Calcium 168,000 89,300 183,000 43,600 16,500 50,900 

Chromhm 9.5 24.3 13 27 33.3 25 
Cobalt 9.1b 10.5b 10.5b 11.6b 11.9b 10.2b 

Copper 14.6 15.9 23.7 22 193 25.3 
Iron 5,490 10,900 5,890 23,800 30,600 24,600 
Lead 29.2 21b 31.8 26.3 42.9 25.3 
Magnesium 11,400 20,500 36,300 12,700 7,400 13,600 
Manganese 2,050 889 3,070 353 507 478 
Mol ybdem.m 18.2b 21b 20.9b 23.3b 23.8b 20.5b 

Nickel 7.3b 24 12.7 26.3 39.7 25.3 
Potassium 910b 1,160 1,310 1,960 2,040 1,960 
Seleniun 33.4 87.7 40.4 181 206 195 
Silver 1.8b 3 2.1b 5.2 7.2 5.2 
Sodillll 949 1,110 1,470 1, 160b 1, 190b 1,020b 

Thallillll 18.2b 21b 20.9b 43.7 45.4 44 

Vanadillll 9.1b 16.1 10.5b 37.6 50 38.6 
Zinc 29.5 83.5 39.5 76.9 213 83.6 

Uranillll-238 <1.0 <9.0 <10.0 NA0 54.0 :1: 10.0 <8.0 
Radillll-226 4.0 :1: 1.0 2.7 :1: .9 2.0 :1: 1.0 NA 12.0 :1: 2.0 1.5 :1: 0.7 
Thoriun-232 3.0 :1: 1.0 <1.0 2.0 :1: 1.0 NA 2.0 :1: 1.0 1.3 :1: 0.9 
Thorium-230 2.9 :1: 0.6 2.4 :1: 1.1 3.1 :1: 0.9 NA 23.0 :1: 2.0 1.6 :1: 0.6 

"Metals.are reported in mg/kg; radionuclides are in pCi/g. Sallfll ing locations are shown in Figures 2-1 and 2-2. 

bSample detection limit. 

0NA - Not analyzed. 
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Analyte' 

Aluni nun 
Antimony 
Arsenic 
Bariun 

Beryl l iun 
Boron 

Caaniun 
Calciun 

Chromiun 
Cobalt 
Copper 
Iron 

Lead 
Magnesiun 
Manganese 

Mol ybdenun 

Nickel 
Potassiun 

Seleniun 
Silver 

Sodiun 

Thall iun 
Vanadiun 

Zinc 

Uraniun-238 
Radiun-226 
Thoriun-232 

Thoriun-230 

Table 4-10 
toncentratims of Metals and Radioru:tides in Soil in Area 4 

(Beneath Building 30) at Linde 

sam2ling Locations' and Deeths ~ft2 
B29R38 B29R38 B29R40 B29R40 B29R30 
0-2 4-8 2-4 4-7.5 1-3 

(FILL: (Clay-
Gravelly clay (Fill: Clay greenish 
with black oil (Clay dark high plast. gray med. 
to 4 ft; 0·1 ft brown, low to 3 ft; 0-2 (Clay - brown plast.; 0·1 
concrete) plast.) concrete) low plast.) concrete) 

14,200 9,510 17,000 11,400 11,200 
16.2b 17.5 33.6 2.6 237 

103 28.3 57.4 34.1 20b 

131 74.7 86.1 98 94.3 

6.3 1.1b 1.5 1.2b 1b 

29.1 21.3b 26.t 23.5b 20b 

6 1.1b 1.3b 1.2 1b 

82,100 52,600 18,200 50,700 2,850 

11.1 16.4 20.5 16.9 16 

68.8 10.6b 13.3b 11.8b 11.5 
492 23.2 17.8 22.9 56.5 

15,400 15,700 30,100 17,600 26,100 

1,120 24.6 31.2 23.5b 35.1 
8,790 14,700 4,130 13,800 2,940 
1,370 388 397 483 251 

2t 21.3b 26.t 23.5b 20b 

265 16.7 14.1 19.2 22.8 
2,540 1,460 1 ,330b 1,460 1 ,ooob 

74 133 212 132 2ob 

2.t 2.1b 2.t 2.4b 2b 

3,240 1 ,060b 1 ,330b 11 180b 1,000b 
28.8b 30 52.3 36.9 39.7 

437 28.2 40.8 29.4 31.6 
306 52.2 51.7 55.1 89.4 

930 :t 50 62 :t 12 72 :t 13 <8.0 <4.0 

150 :t 10 9 :t 1.0 1.6 :t 0.9 2.2 :t 0.9 1.3 :t 0.7 
<3.0 1.4 :t 0.9 <1.0 3.0 :t 1.0 1.2 :t 0.6 

820 :t 20 33.0 :t 2.0 5.1 :t 0.6 1.0 :t 0.3 0.9 :t 0.5 

B29R30 
3-7 

(Clay - dark 
yellowish 
brown, med. 
plast.> 

12,400 

121 
21.3b 

186 
1.1b 

21.3b 
1.1b 

5,220 

16.1 
10.6b 

74.5 

13,200 

26.3 
4,120 

172 
21.3b 

23.9 
1 ,060b 

21.3b 
2.1b 

1 ,060b 

21.3b 

22.5 
70.8 

NA' 

NA 

NA 

NA 

'Metals are reported in mg/kg; radionuclides are in pCi/g. SaiJ1)l ing locations are shown in Figures 2·1 and 2-2. 

bSBIJ1)le detection limit. 

'NA - not analyzed. 
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Analyte 

Aluninun 

Antimony 

Arsenic 

Bariun 

Beryll h.n 

Boron 

Cadmiun 

Calciun 

Chromiun 
Cobalt 

Copper 

Iron 

Lead 

Hagnesiun 

Manganese 

Holybdenun 

Nickel 

Potassiun 

Seleniun 

Silver 

Sodiun 

Thall iun 

Vanadiun 

Zinc 

Uraniun-238 

Radiun-226 

Thoriun-232 

Thoriun-230 

Table 4-11 

Concentrations of Metals and Radionuclides in SOil in Area 4 

(East of Building 30) at Linde 

sameling Locations• and Deeths ~ftl 
B29R48 B29R48 B29R51 B29R51 
0-2 2-6 0-2 2-6 

(FILL: Gravels· 
(FILL: sand, fly ash, (Clay multicolored 

Sandy silts, (Clay brown asphalt o-.3 ft mod. plast 
slag, fly ash) med. plast.) clay beneath) low plast.) 

16,600 8,870 19,200 9,060 

91.5 39.3 10.9b 13.2b 
20.6b 125 73.5 29 

166 116 351 102 
2.8 2.4 3 1.1b 

37 88 33 22.1b 
,b 1.1b 0.91b 1.1b 

76,500 51,600 75,100 58,600 
20.3 26.3 18.7 12.8 
10.3b 21.4 9. ,b 11b 

109 27 42.8 21.4 
9,820 14,700 11,200 16,600 

83.4 39.8 61.4 22.1b 

13,500 15,800 8,730 15,600 
1,400 378 11170 421 

20.6b 32.7 18.2b 22.1b 

21.6 31.2 22.4 21.7 
1 ,030b 1,160 910b 1,100 

20.6b 292 104 168 
2.1b 5.4 1.8b 2.2b 

1 ,030b 11 140b 1,270 11 100b 
20.6b 93.1 18.2b 30.5 
18.9 39.4 20.1 22.3 

286 75.2 53.7 73.9 

<11.0 <8.0 <10.0 <8.0 
2.4 :t 1.0 2.5 :t 0.9 2.8 :t 1.0 1.5 :t 0.8 
4.0 :t 1.0 1.0 :t 0.8 <1.0 <1.0 
2.3 :t 0.6 1.4 :t 0.4 1.9 :1: 0.4 1.2 :t 0.4 

B29R88 
17-21 

(Clay gray/brown 
high plast. 17 ft, 
limestone gravel 

fill above) 

8,400 
24.7 

79.3 

57 
0.95b 

18.9b 

0.95b 

17,400 

10 
9.5b 

20.1 

16,500 
18.9b 

6,480 

378 
18.9b 

14.6 

1,240 

112 
1.9b 

9rh 

27.3 

23.9 

42.3 

<4.0 

0.6 :t 0.4 

1.4 :t 0.8 

2.1 :1: 0.5 

"Metals are reported in mg/kg; radionuclides are in pCi/g. Sanpl ing locations are shown in 
Figures 2-1 and 2-2. 

bsample detection limit. 
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Analyte' 

Aluminum 
Antimony 
Arsenic 
Bar fum 
Beryllium 
Boron 
Cadmfum 

ot>o Calcfum 
1 Chromium 

1-' Cobalt 
~ Copper 

Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Uranium·238 
Radium-226 
Thorium·232 
Thorium·230 

B29R23 
0·2 

(Fill: 
Gravelly 
clay with 

slag; 
concrete 0·1 ft) 

25,900 
14.2b 

181 
274 

5.1 
69.7 

1.2b 
144,000 

16.6 
11.9b 
19.5 

19,300 
31.1 

15,800 
1,960 

23.8b 
15 

1,490 
161 

4.3 
2,360 

23.8b 
26.1 
32.9 

<13.0 
6.0 :1: 1.0 

<1.0 
1.3 :1: 0.5 

Table 4·12 

Concentrations of Metals and Radionuclides in Soil in Area 4 

(North of Building 30) at Linde 

B29R23 
2·5 

(Fill: 
Gravelly 
clay with 

slag; 
concrete 0·1 ft) 

18,10~ 
13 
132 
167 

2.9 
38.4 

1.1b 
75,600 

17 .5b 
10.8 
16.9 

14,700 
27.5 

8,620 
1 ,070 b 

21.6 
22 

160 
113 

3.6 
1,480 b 

21.6 
22.6 
50.1 

17.0 
2.0 :1: 1.0 

<2.0 
1.6 :1: 0.5 

B29R23 
6·8 

(Clay· 
brown, low 
plast.) 

10,800 
13.1b 
84.8 

104 
1.1b 

30.7 
1.1b 

51,100 
22.3 
10.9b 
20.4 

19,100 
. 22.4 

14,600 
452 

21.9b 
21.5 

140 
153 

1, 0901 
28.9 
29.4 
67.5 

NAC 
NA 
NA 
NA 

Sampling Locations• and Depths Cft) 
B29W09D B29W09D 
0·2 2·4 

(Fill: Silty 
sand with 
gravel/ 

concrete) 

19,100 
11.5b 
64.6 

499 
3.4 

35.4 
1.5 

110,000 
12.7 
9.6b 

932 
7,780 

193 
11,000 
1,410 

19.1b 
34.4 

1,190 
63.4 

1 9b 
956b 

19 .1b 
27.6 

139 

13.0 :1: 3.0 
7.0 :1: 1.0 

<1 
15.0 :1: 1.0 

(Clay· 
brown, low 

plast. 
from 2.6 ft) 

14,500 
14. 7b 
24.5b 

182 
1.2b 

24.5b 
1.2b 

10,400 
19.8 
12.2b 
33.2 

17,700 
34.1 

6,860 
297 

24.5b 
6i.4 

1,220 
154 

~ 4b 
1,220 

28.8 
26.1 
50.4 

<2.0 
1.0 :1: 0.4 

<1 
1.2 :1: 0.4 

B29W09D 
4·6 

(Clay· 
brown, low 

plast. 
from 2.6 ft) 

5,210 
10.8' 
17. 9' 
60.8 
0.9' 

17.9 
0.9' 

177,000 
8.9 
9.0' 

21.8 
12,300 

19.9 
11,900 
1,470 

17.91 

11.2 
897' 
131 

t.8• 
897' 

17.91 

16.0 
8.6 

NA 
NA 
NA 
NA 

'Metals are reported in mg/kg; radionuclides are in pCi/g. Sampling locations are shown in Figures 2·1 and 2·2. 

bSample detection limit. 

cNA · not analyzed. 

B29R34 
0·2 

(Fill: Silty 
clay with 
flyash and 
slag to 4 ft) 

24,900 
13.6' 
88.2' 

296 
4.3 

66.5 
1.1" 

127,000 
11.6 
11.4' 
26.2 

9,010 
56.7 

22,800 
2,420 

22. 7' 
34.7 

1,620 
86.6 

1.8• 
1,330 

22. 7' 
15.5 
65.1 

60.0 :1: 18.0 
14.0 :1: 2.0 
<2.0 
25.0 :1: 3.0 

B29R34 
2·6 

(Clay brown 
mod. plast. 
from 4 ft) 

10,300 
13' 
32 

110 
1.1' 

21.6' 
1. 1' 

727,000 
14.9 
10.8' 
30.1 

17,000 
21.6' 

20,300 
430 

12.6' 
23.7 

2,560 
167 

2.2' 
1, 080' 

30.8 
25.8 
76.9 

20.0 :1: 10.0 
7.0 :1: 2.0 

<1.0 
10.0 :1: 1.0 



Table 4-1.3 

Subsurface Gamma Radiation Log for 

LIWRO#l at Linde 

Page 1 of 2 

Depth Depth 
(ft) cpm (ft) cpm 

0 21775 47 119 
1 41290 48 119 
2 41198 49 31740 
3 31667 50 41120 
4 31626 51 31810 
5 31627 52 668 
6 31604 53 119 
7 31770 54 31572 
8 31568 55 31714 
9 31600 56 31713 

10 31701 57 31871 
11 31622 58 31986 
12 31591 59 31808 
13 31514 60 31818 
14 31549 61 31962 
15 31638 62 31685 
16 31558 63 31802 
17 31421 64 3,562 
18 31299 65 31614 
19 31373 66 31560 
20 31435 67 31516 
21 31347 68 31414 
22 31309 69 31320 
23 31475 70 31463 
24 31303 71 31376 
25 31149 72 21920 
26 31230 73 21358 
27 31318 74 21728 
28 31378 75 21783 
29 31417 76 21933 
30 31497 77 21765 
31 31620 78 21709 
32 31560 79 2,402 
33 31345 80 21402 
34 31701 81 21368 
35 41015 82 21424 
36 41079 83 21869 
37 41080 84 11124 
38 41073 85 849 8 

39 41144 86 2 I 29Gb 
40 31953 87 2,040 
41 31709 88 31328 
42 901 89 61026 
43 21531 
44 11431 
45 41023 
46 812 
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Table 4-13 

(continued) 

Page 2 of 2 

Depth Depth 
(ft) cpm (ft) cpm 

90 5,740 105 4,478 
91 5,882 106 4,810 
92 32,988 107 2,196 
93 1,606 108 1,114 
94 974 109 1, 136. 
95 2,236 110 3,120 
96 4,836 111 5,280 
97 7,130 112 1,764 
98 5,538 113 4,540 
99 3,886 114 3,140 

100 51,002 115 8,066 
101 5,564 116 7,168 
102 20,644 117 8,646 
103 3,814 118 8,622 
104 3,588 119 14,780 

8 Probe failed on 10/23/90. 

~easurements resumed on 10/25/90. 
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Table 4-14 

Gamma Radiation Scan of core from 

LIWR0#1 at Linde 

Depth Depth 
(ft) cpm (ft) cpm 

86.8 80 100.5 110 
87.4 160 101 80 
87.6 360 101.3 90 
88.2 460 101.5 80 
88.6 600 101.7 100 
88.8 360 101.9 60 
89 160 102.5 40 
89.2 600 103.7 120 
89.5 120 104.5 100 
90 80 105.5 80 
90.4 100 106 80 
90.8 120 107 60 
91.6 80 107.2 60 
92.7 100 108 60 
93.4 80 108.8 60 
93.5 80 109.7 100 
93.8 360 110 80 
93.9 1,000 111 50 
94 1,100 112.6 80 
94.8 80 112.9 80 
95 80 113.2 60 
95.5 80 113.9 100 
96 80 114.5 70 
97 80 114.7 100 
98 80 115 120 
98.7 100 115.5 100 
99 2,200 116 70 
99.3 160 116.4 60 
99.5 120 116.7 120 

100 100 
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Table 4-15 
Subsurface Gamma Radiation Loq 

for LIWR0#2 at Linde 

Page 1 of 2 

Depth Depth 
(ft) cpm (ft) cpm 

0 6,178 44 6370 
1 6,190 45 6,310 
2 6,290 46 5,890 
3 6,214 47 5,892 
4 6,270 48 6,412 
5 6,162 49 5,938 
6 5,974 50 6,180 
7 5,698 51 6,128 
8 5,900 52 6,264 
9 5,622 53 6,290 

10 5,792 54 6,276 
1.1 5,698 55 6,374 
12 5,962 56 6,442 
13 5,572 57 6,562 
14 5,672 58 6,354 
15 5,500 59 6,460 
16 5,806 60 6,020 
17 5,654 61 6,052 
18 5,754 62 6,336 
19 5,618 63 6,092 
20 5,788 64 5,780 
21 5,782 65 5,736 
22 5,970 66 5,690 
23 5,860 67 5,678 
24 5,942 68 5,432 
25 6,010 69 4,816 
26 6,212 70 3,164 
27 6,350 71 3,252 
28 6,512 72 4,574 
29 6,774 73 4,686 
30 6,670 74 4,498 
31 6,312 75 3,896 
32 6,384 76 3,958 
33 6,498 77 3,382 
34 6,026 78 3,554 
35 6,050 79 3,608 
36 6,320 80 3,148 
37 6,346 81 3,658 
38 6,504 82 3,730 
39 6,250 83 1,040 
40 6,380 84 2,358 
41 6,314 85 2,500 
42 6,354 86 2,156 
43 6,326 87 35,338 
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Page 2 of 2 

Depth 
(ft) 

88 
89 
90 
91 
92 
93 
94 
95 
96 

cpm 

4,564 
3,322 

780 
1,292 
5,078 
6,640 
3,868 
2,788 
3,628 

Table 4-15 

(continued) 

4-143 

Depth 
(ft) 

97 
98 
99 

100 
101 
102 
103 
104 
105 

cpm 

5,986 
3,818 
5,058 
4,236 
4,324 
4,536 
5,008 
2,592 
2,774 



Table 4-16 

Gamma Radiation scan 

of core from LIWR0#2 at Linde 

Depth Depth 
(ft) cpm (ft) cpm 

86.5 60 95.2 120 
86.9 80 95.7 100 
87.4 120 98 100 
87.6 120 99 60 
88 340 99.4 60 
88.1 380 100 80 
88.4 220 100.2 90 
89 200 101.2 60 
89.2 200 101.6 80 
89.7 260 102 100 
91.5 120 102.4 60 
92.1 60 102.7 60 
93 40 103.1 100 
93.4 40 104 60 
94.2 40 104.2 60 
94.5 60 105 80 
94.8 80 
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Table 4-17 

organics Detected in Offsite surface water near Linde 

Detection 
Sampling Concentration Limit 
Location a Analyte (J.Lg/L) (J.Lg/L) 

VOCs 

3 trans-1,2-Dichloroethene 2 1 

1,1,1-Trichloroethane 1 1 

Bromodichloromethane 2.1 1 
4 trans-1,2-Dichloroethene 1.9 1 

8 Sampling locations are shown in Figure 2-18. 
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Table 4-1.8 

Organics Detected in Offsite Sediments near Linde 

Page 1 of 2 

Sampling 
Location a 

vocs 

Loc 1 

Loc 2 

BNAEs 

Loc 1 

Loc2 

Loc 3 

503_0064 (12/28/92) 

Analyte 

Toluene 

Toluene 

Chrysene 
Bis(2-ethylhexyl)phthalate 
Benzo(a)pyrene 
Benzo(k)fluoranthene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(a)anthracene 
Pyrene 
Phenanthrene 
Indeno(1,2,3-cd)pyrene 

Benzo(k)fluoranthene 
Indeno(1,2,3-cd)pyrene 
Benzo(a)pyrene 
Pyrene 
Chrysene 
Benzo(a)anthracene 
Fluoranthene 
Benzo(g,h,i)perylene 
Fluorene 
Dibenzofuran 
2-Methylnaphthalene 
Acenaphthene 
Anthracene 
Phenanthrene 
Bis(2-ethylhexyl)phthalate 

Benzo(a)pyrene 
Indeno(1,2,3-cd)pyrene 
Benzo(g,h,i)perylene 
Bis(2-ethylhexyl)phthalate 
Benzo(k)fluoranthene 
Chrysene 
Benzo(a)anthracene 
Pyrene 
Benzo(k)fluoranthene 
Anthracene 

4-146 

Concentration 
(p.gfkg) 

1.0 

4.3 

310b 
9,300 

210b 
230b 
240b 
220b 
190b 
410° 
200b 
220b 

6,300 
1,500 
2,800 
3, 8ood 
3,500 
2,700 
6,200 
1,500 

290b 
160° 
100b 
230° 
470 

3' 600d 
750 

4,900 
2,100 
1,900 
2,700 
4,900 
5,400 
5,200 
6, oood 
4,300 
1,800 

Detection 
Limit 

(!J.gfkg) 

1.0 

1.0 

530 
530 
530 
530 
530 
530 
530 
530 
530 
530 

360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 

410 
410 
410 
410 
410 
410 
410 
410 
410 
410 



Page 2 of 2 

Sampling 
Location a 

Loc 3 
(cont'd) 

Analyte 

Table 4-18 

(continued) 

Benzo(a)anthracene 
Pyrene 
Benzo(k)fluoranthene 
Anthrancene 
Dibenzofuran 
Acenaphthene 
2-Methylnaphthalene 
Naphthalene 
Fluorene 
Acenaphthene 
Phenanthrene 

Concentration 
(J.I.gjkg) 

5200 
6000d 
4300 
1800 

1 I 100d 
300b 
2l.Ob 
320c 

21000 
740c 

71 400d 

asampling locations are shown in Figure 2-18. 

~alue estimated by laboratory. 

~alue estimated by laboratory; analyte also found in 
laboratory blank. 

dAnalyte also found in laboratory blank. 

503_0064 (12/28/92) 4-].47 

Detection 
Limit 

(J.I.g/kg) 

410. 
4l.O 
4l.O 
4l.O 
410 
4l.O 
4l.O 
410 
4].0 
410 
4l.O 



Table 4-19 
Metal and Radionuclide concentrations 

in Off site Sediments near Linde 

sarngling Locations a 

Parameter 4b (upstream) 1C 2 

Metals (mgfkg) 

Aluminum 3,130 11,300 14,100 
Antimony 12.38 15.38 18.48 

Arsenic 20.58 41.8 47 
Barium 54.5 138 150 
Beryllium 1. 08 1. 38 1. 58 

Boron 20.58 25.4 8 30.78 

Cadmium 1. 08 1.3 8 1. 58 

Calcium 149,000 43,300 8,270 
Chromium 6.8 16.5 19.8 
Cobalt 10.38 12.78 15.48 

Copper 11.4 26.4 21.5 
Iron 9,950 21,000 21,000 
Lead 20.58 27.5 38.3 
Magnesium 9,390 16,800 4,810 
Manganese 2,860 565 341 
Molybdenum 20.58 25.4 8 30.78 

Nickel 11.4 33 31.7 
Potassium 1,0308 1,270b 1,5408 

Selenium 109 205 197 
Silver 2 0 J.B 2 0 58 3.J.B 
Sodium 1, 0308 3,790 1,5408 

Thallium 20.58 44.8 37.5 
Vanadium 12.1 26.2 38.5 
Zinc 59.8 94.5 166 

% Solids 76.9 69.3 46.2 

Radionuclides (pCi/q) 

Uranium-238 <3 <6 NA£ 
Radium-226 <1 <1 NA 
Thorium-232 NA NA NA 
Thorium-230 0.6 ± 0.1 0.8 ± 0.2 NA 

8 Sampling locations are shown in Figure 2-18. 
bRadiological sampling location AS-10. 
cRadiological sampling location AS-9. 
dRadiolgoical sampling location AS-3. 
8 Sample detection limit. 
fNA - not analyzed. 
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3d 

5,990 
14.28 

24 
68.2 
1.4 

27.9 
1.28 

123,000 
4.3 

11.88 

12.3 
3,750 

49.8 
10,000 

425 
27.3e 
9. 58 

1, 180b 
27.3 
2. 48 

1,1808 

23.7 8 

11.88 

116 

79.5 

NA 
NA 
NA 
NA 



Table 4-20 

Metal and Radionuclide Concentrations 

in Offsite surface Water near Linde 

Parameter 

Metals (~g/L) 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
vanadium 
Zinc 

Radionuclides 

Uranium-238 
Radium-226 
Thorium-232 
Thorium-230 

4b (upstream) 

436 
60 8 

100 
200 8 

5e 
208 

5e 
741800 

109 

509 

259 

693 
1009 

161700 
113 
1009 

50.3 
5' 0008 

1009 

109 

1301000 
1009 

509 

151 

(pCi/L) 

4 
0.6 

NA 
<0.2 

Sam:gling 
1c 

2008 

608 

1008 

2008 

5e 
425 

59 
1101000 

109 

509 

259 

484 
1009 

20,300 
269 
,1009 

409 

5, 0009 

1008 

109 

88,400 
1009 

509 

84 

2 
0.5 

NA 
<0.1 

Locations a 

2 

2,970 
60 9 

1009 

246 9 

5e 
239 

9.2 
168,000 

109 

508 

25 8 

81070 
1008 

451300 
700 
1009 

41.4 
51 0009 

1009 

109 

87,200 
1009 

509 

653 

NAf 
NA 
NA 
NA 

8 Sampling locations are shown in Figure 2-18. 
bRadiological sampling location AS-10. 
0Radiological sampling location AS-9. 
dRadiological sampling location AS-3. 
8 Sample detection limit. 
fNA - not analyzed. 
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3d 

2008 

608 

1008 

2008 

5e 
197 

59 
571000 

109 

509 

259 

259 
1009 

121800 
41.2 

1009 

409 

510009 

1009 

109 

881900 
1009 

509 

56.3 

<2 
0.6 

NA 
<0.1 



Table 4-21 
Radionuclide Concentrations in onsite sediments at Linde 

Sampling Concentration CpCi/g) 
Location a Ra-226 Th-230 U-238 Th-232 

SMP2b I Bldg. 30 15 ± 10 170 ± 10 259 ± 30 <2 

SMP3/Bldg. 30 28 ± 3 410 ± 20 200 ± 20 <1 

SMP4/Bldg. 30 6 ± 1 25 ± 1 21 ± 10 2.1 ± 0.9 

Location 11 0.4 ± 0.2 1.2 ± 0.2 <6 <1 

Location 12 1.7 ± 0.5 0.6 ± 0.1 <4 <1 

Location 13 <1 0.5 ± 0.1 <6 <1 

Location 16 1 ± 0.6 0.4 ± 0.2 <6 <1 

8 Sampling locations are shown in Figure 2-16. 

bSMP - sump. 
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Table 4-22 

organics Detected in Onsite Sediments at Linde 

Page 1 of 3 

Detection 
Sampl;Lng Concentration Limit 
Location a Analyte (p,gfkg) (p,gfkg) 

vocs 

Loc 13 Toluene 6.9 1 

Loc 12 Carbon tetrachloride 1.4 1 
Toluene 2.7 1 

Loc 15 1,1-Dichloroethane 3.6 1 
trans-1,2-Dichloroethene 4.3 1 
Chloroform 4.8 1 
Trichloroethene 260 1 
Benzene 4.9 1 
Toluene 104 1 
Ethylbenzene 39 1 
Total xylenes 70 1 

Loc 6 Toluene 3.3 1 

Loc 16 trans-1,2-Dichloroethene 5.6 1 
Chloroform 7.8 1 
Trichloroethene 86 1 
Benzene 1.7 1 
Tetrachloroethene 6.6 1 
Toluene 23 1 
Chlorobenzene 15 1 
Ethyl benzene 7.3 1 
Total xylenes 50 1 

BNAEs 

Loc 11 Benzo(a)pyrene 3, ooob 4,000 
Chrysene 5,000 4,000 
Benzo(b)fluoranthene 4,000 4,000 
Phenanthrene 61 000C 41000 
Fluoranthene 101000 4,000 
Benzo(k)fluoranthene 3, ooob 41000 
Bis(2-ethylhexyl)phthalate 9,000 41000 
Pyrene 71 oooc 4,000 

Loc 13 2-Methylphenol 430b 3,800 
Benzo(g1h 1i)perylene 9,400 31800 
Dibenz(a1h)anthracene 2, BOOb 31800 
Fluoranthene 181000 31800 
Pyrene 171000 31800 
Butylbenzylphthalate 171000 3,800 
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Table 4-22 

(continued) 

Page 2 of 3 

Detection 
Sampling Concentration Limit 
Locationa Analyte (J,£g/kg) (J.£9/kg) 

Lac 13 Benzo(a)anthracene 11,000 3,800 
(cont.) Chrysene 16,000 3,800 

Benzo(k)fluoranthene 6,800 3,800 
Benzo(a)pyrene 7,200 3,800 
Indeno(1,2,3-cd)pyrene 7,700 3,800 
Benzo(b)fluoranthene 7,700 3,800 
Fluorene 1, 300b 3,800 
Phenanthrene 14,000 3,800 
Anthracene 1, 900b 3,800 
Di-n-butylphthalate 2, 200b 3,800 
Dibenzofuran 740b 3,800 
Diethylphthalate 9,700 3,800 
Acenaphthene 940b 3,800 

Loc 15 Naphthalene 14,000 8,100 
Pyrene 47,000 8,100 
Chrysene 421000 81100 
Benzo(b)fluoranthene 201000 8,100 
Benzo(k)fluoranthene 271000 81100 
Benzo(a)pyrene 321000 81100 
Indeno{1 12 13-cd)pyrene 201000 8,100 
Dibenz(a1h)anthracene 4 I lOOb 8,100 
Benzo(g,h 1i)perylene 22, ooob 81100 
Benzo(a)anthracene 441000 8,100 
Acenaphthene 151000 8,100 
Phenanthrene 611000 8,100 
Anthracene 18,000 8,100 
Fluoranthene 621000 8,100 
Fluorene 18,000 8,100 
Dibenzofuran 13,000 8,100 
2-Methylnaphthalene 121000 8,100 

Lac 6 Acenaphthene 55ob 3,900 
Fluoranthene 201000 3,900 
Indeno(1,2,3-cd)pyrene 51100 3,900 
Dibenz(a,h)anthracene 11 900b 31900 
Benzo(g,h 1i)perylene 51800 3,900 
Pyrene 121000 3,900 
Benzo(a)anthracene . 71300 31900 
Benzo(b)fluoranthene 8,800 3,900 
Benzo(b)fluoranthene 21 200b 31900 
Benzo(a)pyrene 71300 31900 
Chrysene 121000 3,900 
Fluorene 840b 3,900 
Anthracene 11 400b 31900 
Phenanthrene 91900 31900 
Dibenzofuran 410b 3,900 
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Table 4-22 

(continued) 

Page 3 of 3 

Sampling Concentration 
Location8 Analyte (J.Lg/kg) 

Loc 18 Naphthalene 1, 800b 
Dibenzofuran 3, 100b 
Dibenz(a,h)anthracene 15,000 
Benzo(g,h,i)perylene 57,000 
Pyrene 91,000 
Benzo(a)anthracene 58,000 
Benzo(b)fluoranthene 49,000 
Benzo(k)fluoranthene 36,000 
Benzo(a)pyrene 57,000 
Indeno(1,2,3-cd)pyrene 51,000 
Chrysene 75,000 
Fluoranthene 120,000 
Anthracene 16,000 
Phenanthrene 59,000 
Fluorene 6' 600b 
Acenaphthene 17,000 

Loc 16 Fluoranthene 61,000 
Benzo(k)fluoranthene 22,000 
Benzo(a)pyrene 24,000 
Benzo(k)fluoranthene 33,000 
Benzo(a)anthracene 30,000 
Bis(2-ethylhexyl)phthalate 4, 700d 
Chrysene 33,000 
Pyrene 53,000 

8 Sampling locations are shown in Figure 2-16. 

~alue estimated by laboratory. 

0Analyte also found in laboratory blank. 

dValue estimated by laboratory; analyte also found in 
laboratory blank. 
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Detection 
Limit 

(J.Lgfkg) 

13,000 
13,000 
13,000 
13,000 
13,000 
13,000 
13,000 
13,000 
13,000 
13,000 
13,000 
13,000 
13,000 
13,000 
13,000 
13,000 

8,800 
8,800 
8,800 
8,800 
8,800 
8,800 
8,800 
8,800 



Table 4-23 

organics Detected in Onsite surface Water at Linde 

Page 1 of 2 

Sampling 
Location8 

vocs 

Loc 14 

Loc 12 

Loc 8 

Loc 15 

Loc 6 

Loc 17 

Loc 16 

Loc 5 

BNAEs 

Loc 8 

Loc 12 

503_0064 (12/28/92) 

Concentration 
Analyte 

Chloroform 
1,1,1-Trichloroethane 
Bromodichloromethane 
Trichloroethene 
Tetrachloroethene 

Toluene 

trans-1,2-Dichloroethene 

Methylene chloride 
Chloroform 
Bromodichloromethane 
Dibromochloromethane 

Methylene chloride 

Methylene chloride 
1,1-Dichloroethane 
trans-1,2-Dichloroethene 
Trichloroethene 

Chloroform 
Bromochloromethane 
Trichloroethene 

Chloroform 
Carbon tetrachloride 
Bromodicloromethane 
Trichloroethene 

Phenanthrene 
Pyrene 
Fluoranthene 

Phenanthrene 
Pyrene 
Chrysene 
Benzo(k)fluoranthene 
Bis(2-ethylhexyl)phthalate 
Indeno(1,2,3-cd)pyrene 

4-154 

(JLg/L) 

4.4 
13 
1.1 
5.0 
2.3 

5.2 

2 

19 
16 

8 
2.2 

16 

4.6 
4.5 
9.-2 

10 

7.7 
7.2 
3.4 

4.3 
17 

6.7 
3 

6. 9b 
8. 8b 
8. 7b 
9b 

96b 
6.1b 

Detection 
Limit 

(JLg/L) 

1 
1 
1 
1 
1 

1 

1 

4 
1 
1 
1 

4 

4 
1 
1 
1 

1 
1 
1 

1 
1 
1 
1 

10 
10 
10 

10 
10 
10 
10 
10 
10 



Table 4-23 

(continued) 

Page 2 of 2 

Sampling 
Location8 

Loc 12 
(cont'd) 

Loc 6 

Loc 16 

Loc 5 

Analyte 

Benzo(g,h,i)perylene 
Dibenz(a,h)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(a)anthracene 
Fluoranthene 

Phenanthrene 
Benzo(a)anthracene 
Chrysene 
Pyrene 
Fluoranthene 

Bis(2-ethylhexyl)phthalate 

Bis(2-ethylhexyl)phthalate 

Concentration ' 
(JJ.g/L) 

6. sb 
1. sb 
7. 8b 
8. 5b 
4. 5b 

19 

2. 7b 
1. 4b 
1. gb 
2. 3b 
3. 3b 

1. 4° 

4 • gc 

8Sampling locations are shown in Figure 2-16. 

Dvalue estimated by laboratory. 

cvalue estimated by laboratory; analyte also found in 
laboratory blank. 
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Detection 
Limit 

(JJ.g/L) 

10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 

10 



Table 4-24 

Summary of Radionuclide Concentrations in Contaminated Soil at Ashland 1 

Pa e 1 of 4 

Borehole Coordinate Depth Concentration (QCi[g) 
Number• East North (ft} Uranium-238 Radium-226 Thorium-232 Thorium-230 

Background (mean) 3.1 1.1 1.2 1.4 

B03R001 4000 550 0 2b 11.6 1.4 0.8 9 
4000 550 4 6 3 1 1 NA0 

B03R002 4200 550 0 1b 2.2 1.2 0.9 5.4 
4200 550 2 3 4.9 1.1 0.7 NA 
4200 550 3 4 3.3 0.8 1.6 0.9 

B03R004 4300 550 0 1 3 1.6 1.2 1.6 
4300 550 2 3d 23.9 5 1.4 86 

B03R008 4400 600 0 1 3 1.2 1.4 0.9 
4400 600 5 6d 16.9 2.7 1 78 

B03R009 4500 550 0 1 2.7 1.6 1.2 3.9 

~ 4500 550 2 3d 80 4.9 1.2 NA 
I 4500 550 3 4d 149.8 26.4 1 900 

..... B03R019 4700 300 0 2d 208 13.1 2 940 
l1l 
0'1 4700 300 2 4d . 72.4 8.2 1 140 

4700 300 4 6d 104.8 8.5 1 NA 
B03R017 4700 550 0 2d 5.2 2.3 1.5 18 

4700 550 2 4d 18.3 9.7 1 NA 
4700 550 4 6 5.2 1.3 1 8.4 

B03R018 4750 400 0 2d 253 750.2 2 3,500 
4750 400 2 4d 314.2 92.7 2 NA 
4750 400 4 6 18.6 2.8 1 NA 
4750 400 6 ad 68.9 6.9 2 130 

B03R022 4800 200 0 2 5.2 1.3 1 2.2 
4800 200 6 8 4 1.4 1.3 2 
4800 200 8 - 10d 39 5.5 1 NA 
4800 200 10 - 11d 70.4 3.4 1.1 75 

B03Rl11 4850 620 0 1b 5.2 1.5 1.4 7 
4850 620 1 2 4 1.2 1 NA 
4850 620 2 3 4 1 1.1 NA 

B03R026 4900 300 0 2d 560.7 169.1 1 4,400 
4900 300 2 ad 88 23.1 2 500 
4900 300 9 - 10 1.0 0.6 0.9 NA 

B03R025 4900 400 0 2d 291.6 79.3 2 3,000 
4900 400 2 4d 103 29.5 1 NA 
4900 400 6 7 6.9 1.5 1.4 3.9 
4900 400 9 - 10 1.0 0.7 0.9 NA 



Table 4-24 

(continued) 

Pa e 2 of 4 

Borehole Coordinate Depth Concentration (I;!Ci[g} 
Number• East North (ft) Uranium-23a Radium-226 Thorium-232 Thorium-230 

B03R024 4900 550 0 2 4.9 1.5 1 6.3 
4900 550 4 6d 2a.9 4.9 0.9 NA 
4900 550 6 7d 12.3 l.a 1 25 

B03W004 494a 205 2 3d 4.6 4.3 1 93 
494a 205 a 9d 173.3 61.2 1.5 NA 
494a 205 12 - 13 2 0.7 0.8 1.4 

B03R031 4950 240 0 2d 3 2.1 0.8 41 
4950 240 8 - 10d 25.6 10.5 1.9 NA 
4950 240 12 - 13 3.9 0.9 1.3 1 

B03R029A 4950 455 0 2d 6 9.9 1.7 170 
4950 455 6 ad 24.6 10.3 1.3 NA 
4950 455 13 - 14 2.6 0.9 1.2 2.6 

B03R030 4970 3ao 0 2d 17.2 1.9 1.1 26 
4970 3aO 2 4 9.2 1.3 1 a.4 

.c. B03R032 5000 600 0 1b 3.5 1.2 1.1 a.9 
I 5000 600 3 4 4.6 1.9 1.5 NA 1-' 

U1 5000 600 4 5 6.1 1.5 2.3 4.2 
...,J 

B03W003 5050 540 0 2b 4.1 1.2 1 12 
5050 540 ·a 9 2.7 0.9 1 4.8 

B03R113 5050 600 0 1b 4 1.8 1.3 7 
5050 600 1 2 5.3 3.9 1 NA 
5050 600 2 3 5.5 2 1 NA 

B03R035 5070 240 0 2d 32.2 1.1 1 2.1 
5070 240 2 3 12. a 0.9 1 2.2 
5070 240 7 8 3 0.9 o.a NA 

B03R034 5070 350 0 1d 31.a 4.6 1.9 49 
5070 350 2 4 6.4 1.3 1.1 14 

B03R132 5090 550 1 2 4.6 1.8 1.3 3.3 
5090 550 5 6d 15 2.5 0.9 20 
5090 550 7 ad 500 29 7.1 700 

B03R033 5100 550 0 2b 15.a 3.7 2.1 9.3 
5100 550 4 6d 212 14 1 NA 
5100 550 6 8d 20a.2 10.4 1 300 

B03R033A 5100 550 1 2d 2.2 0.8 0.6 67 
5100 550 5 6d 510 27 4.6 470 
5100 550 7 ad 5aO 25 4.1 660 

B03R131 5103 541 1 2b 4.2 1.1 o.a a.3 
5103 541 5 6d 42 3.4 1.2 44 
5103 541 7· - 8d 620 32 4.3 570 



Table 4-24 

(continued) 

Pa e 3 of 4 

Borehole Coordinate Depth Concentration {QCi[g} 
Number• East North (ft) Uranium-23a Radium-226 Thorium-232 Thorium-230 

B03R133 5110 551 0 1 2.7 0.9 o.s 1.5 
5110 551 5 6d 1,500 54 2.3 a10 
5110 551 7 ad 17 1.6 1.1 30 

B03R040 5140 200 0 2d 45.2 54.4 1 1,200 
5140 200 6 ad 110.2 58.6 2 NA 
5140 200 8 - 10d 75.2 36.6 1 810 

B03R039 5140 340 0 2b 3.8 1.5 1.5 6.4 
5140 340 2 3 15.9 1.3 0.9 4.6 

B03R38 5140 450 0 2d 9.7 2.1 1 21 
5140 450 6 7 3 1 1 1.2 

B03R114 5150 610 0 1d 4 1.7 1.1 13 
5150 610 1 2 4.5 1.6 1.2 NA 
5150 610 2 3 4 1.3 1.4 NA 

B03R134 5173 453 0 a. 5d 56.3 0.9 0.5 7.5 
~ B03R119 5250 620 0 1d 12.2 6.2 1 74 I 
r-' 5250 620 1 2 5 1.4 1.4 NA 
U1 5250 620 2 3 4 1 1 NA 
(X) 

B03R135 5290 517 0 1d 37 13 1.2 470 
5290 517 1 2d 4.7 1.8 1 52 
5290 517 2 3 6.6 0.8 1 8 
5290 517 3 3 46.7 1.1 0.7 5.9 

B03R137 5318 313 0 1b 15 1.2 1.2 4.1 
5318 313 1 2 4.7 1.1 1.2 3.5 

B03R044 5350 350 0 1b 3.2 l.a 1.3 10 
5350 350 3 4 2.a 1.2 1 NA 
5350 350 9 - 10 4.3 1.3 1 4.7 

B03R043 5350 400 0 2d 5 2 1 23 
5350 400 7 a 2.7 o.a 1.3 0.9 

B03R042A 5350 550 0 2d 8 1.7 1 17 
5350 550 9 - 10d 18.2 3.6 1.9 4a 

B03R124 5350 625 0 lb 10 2 1.5 7 
5350 625 1 2 19.6 4.1 1.1 NA 
5350 625 2 3 4 1 1 NA 

B03R050 5400 200 0 2 2 1 1 1.4 
5400 200 4 6d 177.2 60 5.5 NA 
5400 200 10 - 12 12.2 0.9 0.9 3.a 



ol:>o 
I 
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Table 4-24 

(continued) 

Pa e 4 of 4 

Borehole Coordinate Depth 
Number• East North (ft) Uranium-238 

B03R049 5400 250 0 2b 2 
5400 250 8 - 10d 17 

B03R047 5400 600 0 1b 3.5 
5400 600 2 3 1 

B03R051 5450 550 0 4 4.6 
5450 550 8 9d 5.8 
5450 550 9 - 10 2 

B03R054 5500 250 0 2b 2.5 
5500 250 6 7 2.4 

AVERAGE 66.7 
MINIMUM 1.0 
MAXIMUM 1500.0 
STANDARD DEVIATION 179.3 

•sampling locations are shown in Figures 2-7 and 2-9. 

bcontaminated between 0 and 0.5 ft. 

0 NA - not analyzed. 

dcontaminated soil interval. 

concentration <pCi/g) 
Radium-226 Thorium-232 

1.5 1.1 
2.1 1 
1.5 1.3 
0.8 1.2 
2.6 1.5 
1.2 1.5 
1 1.3 
2.1 1.3 
1.2 0.8 

15.0 1.4 
0.6 0.5 

750.2 7.1 
70.8 0.9 

Thorium-230 

8.7 
43 
10 
0.9 
3.2 

26 
NA 
12 
9.6 

237.4 
0.9 

4400.0 
692.9 



Table 4-25 

TCLP Metal Results for Soil 

Sam~ling Location 

Parameter B03R33A B03Rl31 B03Rl32 

Silver lOb lOb lOb 

Arsenic 50ob soob soob 

Barium 200b 223 756 

Cadmium 7.6 10.4 6.1 

Chromium lOb 1,340 lOb 

Mercury 0.3b 0.3b 0.3b 

Lead soob soob soob 

Selenium soob 50ob soob 

•Borehole locations are shown in Figure 2-8. 

bsample detection limit. 

0 EPA 1990b. 
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at Ashland 1 

and Resul ts• (~]2b} 
EPA 

B03Rl33 Regulatory Level0 

lOb 5,000 

500b 5,000 

872 100,000 

6.1 1,000 

lOb 5,000 

0.3b 200 

soob 5,000 

500b 1,000 



Table 4-26 

Organics Detected in Soil at Ashland 1 

Pa e 1 of 3 
Sampling Location• and Depth Cftl 

B03R26D B03R40 B03R50 
Compound 0-2 0-2 2-6 6-10 0-2 4-6 8-10 

(Concentrations are reported in units of J.Lgfkg) 
vocs 

Chloroform 
__ b __ b --b --b --b b 1.3 --

Methylene chloride --b 
__ b __ b 

8,000 b b b -- -- --
Toluene --b 

__ b --b b b 57 9.1 -- --
BNAEs 

2-Methy1naphthalene 120" 120" 92" --b --b 
__ b __ b 

Acenaphthene 150" __ b __ b __ b __ b 160" 
__ b 

Acenaphthylene 64" 
__ b __ b __ b __ b __ b __ b 

Anthracene 
__ b 54" 150" --b 

__ b 
200" __ b 

Benzo(a)anthracene 780 200" 400" 
__ b 

110" 310" __ b 

Benzo(b)fluoranthene 990 250 350 
__ b 170 

__ b __ b 

.to. Benzo(k)fluoranthene 920 160 230" 
__ b __ b __ b __ b 

I 
1-A Benzo(g,h,i)perylene 960 270" 

__ b __ b __ b __ b __ b 

Ol Benzo(a)pyrene 820 220" 350" 
__ b 140" 

__ b __ b 

1-A 
Benzoic acid 700" 

__ b __ b __ b __ b __ b __ b 

Bis(2-ethylhexyl)phthalate 580" 280" 1,300 1,500 450 340" __ b 

Chrysene 1,100 270 490 
__ b 180" 460" 

__ b 

Dibenzofuran 92" 
__ b __ b __ b __ b __ b __ b 

Diethylphthalate 68" __ b __ b __ b __ b __ b __ b 

Di-n-Butylphthalate 260" 85" 
__ b __ b 150d 240d 16o• 

Fluoranthene 
__ b 450" 990 

__ b 220" 1,000 
__ b 

Fluorene 1300 
__ b __ b __ b __ b 

250" 
__ b 

Indeno(1,2,3-cd)pyrene 210 260 
__ b --b --b 

__ b __ b 

Naphthalene 120" 93° SO" --b SO" 120" __ b 

Phenanthrene 760 280" 590 --b 140" 1,100 
__ b 

Pyrene 1,600 230" 460" __ b 150" 630 __ b 



Table 4-26 

(continued) 

Pa e 2 of 3 

Sampling Location• and Depth (ft) 
B03R33 B03R14 B03R17 

compound 0-2 2-6 6-8 0-2 2-8 12-14 0-2 

(Concentrations are reported in units of p.gfkg) 
VOCs 

Tetrachloroethene 4.8 __ b 1,700 __ b __ b " 
__ b 

Toluene 13 
__ b __ b 1.1 

__ b __ b 
54 

BNAEs 

2-methylnaphthalene 
__ b 

150° 
__ b 

110° 
__ b __ b __ b 

Benzo(a)anthracene 83° 130° 
__ b 120° 

__ b __ b __ b 

Benzo(b)fluoranthene 
__ b 

130° 
__ b 150° 

__ b __ b __ b 

Benzo(k)fluoranthene 
__ b __ b __ b 120° __ b __ b __ b 

Benzo(g,h,i)perylene 
__ b __ b __ b 200° 

__ b __ b __ b 

Benzo(a)pyrene 
__ b __ b __ b 

150° 
__ b __ b __ b 

Bis(2-ethylhexyl)phthalate 640 770 380° 110° 140° 
__ b __ b 

ob Chrysene 83° 130° 
__ b 

170° 
__ b __ b __ b 

I Di-n-Butylphthalate 
__ b __ b __ b 

91d 200d 82d 
__ b 

.... 
0'1 Fluoranthene 170° 210° 68° 180° 190° 

__ b __ b 

t\) Naphthalene 
__ b __ b __ b 73° 

__ b __ b __ b 

Phenanthrene 
__ b 140° 

__ b 
110° 150° 

__ b __ b 

Pyrene 110° 160° 
__ b 140° 130° __ b __ b 



Pa e 3 of 3 

B03R33 
Compound 0-2 2-6 

Tan1e 4-26 

(continued) 

Sampling Locationa and Depth (ft) 
B03R057 

6-a 2-6 

(Concentrations are reported in units of ~g/kg) 
vocs 

Ethylbenzene 
Toluene 

BNAEs 

Benzo(a)anthracene 
Bis(2-ethylhexyl)phthalate 
Chrysene 
Di-n-Butylphthalate 
Fluoranthene 
Phenanthrene 

.t. Pyrene 
I 

....... 
0'\ 

__ b 

1.2 

60e 
110e 

age 
120e 
110e 

sse 
7ae 

w •sampling locations are shown in Figure 2-a. 

~etected at or below the detection limit. 

OValue estimated by laboratory. 

3.4 
3.g 

__ b 

__ b 

__ b 

__ b 

__ b 

__ b 

__ b 

__ b 

1.5 

__ b 

age 
__ b 

47e __ b 

__ b 
__ b 

dValue estimated by laboratory; analyte also found in laboratory blank. 

8 COncentration detected at 10-12 ft. 

__ b 

3 

__ b 

--b 
__ b 

120e 
__ b 
__ b 

__ b 

B03R60 
2-6 

__ b 
__ b 

__ b 

__ b 

b --__ b 

__ b 

__ b 

__ b 



Table 4-27 
Concentrations of Metals and Radioru:lides in Soil on the 

Yestem Portion of Ashland 1 

sameling Location• and Deeth 'ft~ 
B03R13 B03R13 B03R14 B03R14 B03R14 S03R14 
0·2 2-4 0-2 2-8 8-12 12·14 

(FILL: Clay (FILL: Clay (Clay, low 
and gravel, and gravel, (FILL: as before plasticity, 

(Clay, trace (Clay, trace petroleun petroleun to 10.5 ft, fissured 
Analyteb coarse sands) coarse sands) present) present) then clay) with petrolel.lll) 

Aluninun 10,500 7,550 9,070 11,500 15,200 9,010 

Antimony 9.1' 8.6' 8.8' 10.3' 8.1 8.1' 

Arsenic 22.9' 21.4' 22.1' 25.8' 17.6' 20.3' 

Baril.lll 107 85.8 103 142 117 66.6 

Beryll iun 1.1' 1. 1' 1.1' 1.7 1.0 1. o' 
Boron 22.9' 21.4' 22. 1' 25.8' 17 .6' 20.3' 

Caaniun 1. 1' 1.1' 1. 1' 1.3' 0.88' 1.0' 

Calciun 9,270 51,100 57,700 96,100 8,770 53,000 

Chromiun 15.0 23.0 22.8 23.1 27.8 13.4 
Cobalt 11.4' 38.7 11.0' 17.1 10.3 10.2' 
Copper 17.0 33.0 27.2 49.5 25.9 22.0 
Iron 19,600 18,700 18,100 20,800 26,100 14,900 
Lead 23.7 41.4 41.0 179 45.7 24.9 
Magnesiun 8,470 18,400 14,600 20,000 5,050 16,000 
Manganese 233 525 1,320 724 360 473 
Molybdenun 22.9' 35.3 22. 1' 25.8' 19.0 20.3' 
Nickel 22.6 84.4 27.6 27.7 27.4 21.8 
Potassiun 1, 140' 1,070' 1,330 1 ,290' 1,100 1,530 
Seleniun 147 134 121 136 167 98.5 
Silver 2.3' 2.1' 2.2' 2.6' 1.8' 2.0' 
Sodiun 1 1 140' 1 ,070' 1' 100' 1 ,290' 882' 1 ,020' 
Thall iun 45.1 40.5 34.1 36.5 53.9 31.3 
Vanadiun 30.6 55.6 33.7 114 67.6 28.2 
Zinc 54.6 420 72.0 201 124 63.9 

Uranillll-238 4.5 :t 2.4 2.8 :1: 1.1 1.7 :t 1.5 NAd <3.0 <1.0 
Radiun-226 1.0 :t 0.3 1.0 :t 0.1 1.1 :t 0.2 NA 1.0 :t 0.4 1.4 :t 0.1 
Thoriun-230 5.6 :t 0.7 1.1 :t 0.8 4.1 :t 0.8 NA NAd 4.3 :t 0.7 
Thoriun-232 0.8 :t 0.2 1.0 :t 0.3 <1.0 NA 1.1 :t 0.1 1.3 :t 0.4 

•sampling locations are shown in Figure 2-8. 

~etals concentrations are in mg/kg; radionucl ide concentrations are in pCi/g. 

'sample detection limit. 

0NA - not analyzed. 
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Table 4-28 

Concentrations of Metals and Radionuclides in SoiL on the 
Northern Border of Ashland 1 

Sam(2ling Locat i on• and De(2th {ft~ 
B03R17 B03R17 B03R33 B03R33 B03R33 B03R57 

0-2 2·6 0·2 2·6 6·8 0·2 

(FILL: Clay 
(FILL: (Clay, low (FILL: Clay and gravel (FILL: as before (Clay, 
Clay plast. silt and gravel with some to 7 ft then grayish 

and gravel and sand with some sand, oil silty clay; olive, 
Anal yteb to 3 ft) pockets) sand) present) might be fill) low plast.) 

Aluminum 9,120 1,250 4,480 15,200 73,800 15,600 
Antimony 7 .2' 13.6' 9.8 7 .o' 13.8' 12.4' 
Arsenic 18. o' 2.3' 15 .6' 17 .4' 596 2.1' 
Barium 102 113 43.1 124 158 56.0 
Beryllium 1.3 1.1' o. 78' 1.5 17.3 1. o• 
Boron 21.9 37.7 20.3 27.8 47.7 20.7° 
Cadmium 0.90' 1.1' 0. 78' 1.4 9.8 1.0' 
Calcium 123,000 48,900 144,000 50,600 40,700 2,650 
Chromium 33.4 22.6 14.6 116 816 21.2 
Cobalt 28.0 11.3' 7 .8' 13.5 52.9 10.4' 
Copper 170 20.0 23.4 115 1160 13.5 
Iron 15,600 19,500 7,850 24,200 24,300 20,500 
Lead 84.0 27.0 7,500 332 2,910 48.8 
Magnesium 51,600 15,500 79,100 15,000 13,100 3,400 
Manganese 740 570 715 791 447 234 
Molybdenum 69.9 22.6' 27.3 25.6 68.3 20. 7' 
Nickel 38.8 21.9 22.5 46.9 986 15.9 
Potassium 900° 2,680 1,330 2,550 1, 12o• 647 
Selenium 70.7 1.1' 31.0 132 34.5' 121 
Silver 1.8' 2.3' 1.6c 1. r• 3.4° 2.1° 
Sodium 900' 964 782. 870' 30,700 104° 
Thallium 50.2 41.9 65.4 60.5 54.1 37.1 
vanadium 54.9 21.9 11.9 106 2,290 27.4 
Zinc 176 73.0 275 176 748 105 

Uranium-238 5.2 ± 2.7 18.3 ± 5.8 15.8 ± 4.3 212 ± 13.5 208 :1: 10.1 1.2 ± 0.4 
Radium-226 2.3 :1: 0.4 9.7 :1: 3.3 3.7 :1: 0.1 14.0 :1: 3.0 10.4 :1: 2.7 1.1 :1: 0.4 
Thorium-230 18.0 :1: 2.0 NAd 9.3 :1: 0.9 NA 
Thorium-232 1.5 :1: 0.7 <1.0 2.1 :1: 0.8 <1.0 

•sampling locations are shown in Figure 2·8. 

bMetals concentrations are in mg/kg; radionuclide concentrations are in pCi/g. 

'sample detection limit. 

dNA • not analyzed. 

300 :1: 10.9 1.8 :1: 0.4 
1.0:1: 0.7 1.5 :1: 0.3 

B03R57 
2·6 

(Clay, 
brown, 

low 
plast.) 

16,700 
11.5' 
1.9c 

138 
1.1' 

19.1° 
0.95° 

18,500 
24.3 
9.6' 

20.4 
25,500 

31.4 
7,550 

490 
19.1° 
24.3 

1,620 
147 

1.9' 
137 
57.1 
22.8 
84.3 

2.8 
1.1 :1: 0.1 
1.3 :1: 0.3 
1.4 :1: 0.4 



Table 4-29 
Concentrations of Metals and Radiorucl ides in Soil on the 

Sou:hem Border of Ashland 1 

SemBling Location• and Deeth 'ftl 
B03R40 B03R40 B03R40 B03R50 B03R50 B03R50 
0·2 2·6 6-10 0·2 4-6 10·12 

(FILL: Clay (FILL: Clay (Silty clay, (FILL: Clay 
and gravel, and gravel, low and gravel (FILL as before (Clay, low 

Analv·,eb 
petrol eLI!l petrolellll plasticity, plus slag, to 4.6 ft, plasticity, 

odor) odor) might be fill) oil present) silty then clay) fissured) 

Alllllinllll 15,800 11,900 42,300 15,500 21,000 12,500 

Antimony 9.2c 7.6· 12.5c 8.6 8.1c 9c 

Arsenic 22.9c 18.9c 244 66.8 81.4 22.6c 

Bariun 151 114 285 110 128 88.5 
Beryll iun 1.2 1.0 6.8 2.9 2.5 1. 1< 

Boron 34.4 37.2 46.3 41.5 29.6 32.2 
CadniLI!l 1. 1< 0.96 33.1 0.95c 11.5 1.1< 

Calcillll 54,700 55,400 31,200 181,000 29,400 51,200 
Chromiun 36.1 102 53.6 10.5 29.4 16.4 
Cobalt 12.6 9.7 96 9.5c 26.2 11.6 
Copper 43.3 48.4 1190 18.7 5n 38 
Iron 25,500 33,400 28,300 6,610 16,400 17,800 
Lead 80.3 105 331 32.2 172 28.1 
MagnesiLI!l 15,900 17,200 17,100 25,700 11,000 16,400 
Manganese 1,180 2,530 2,410 904 917 540 
Mol ybdenllll 25.8 25.6 50.5 19.5 23.2 22.6c 

Nickel 37.4 105 184 12.8 53.6 32.5 
Potassillll 3,000 2,850 1,970 946c 1,550 2,450 
Seleniun 172 225 112 25.3 67.0 75 
Silver 2.3c 1.9· 3.1· 1.9· 2.o• 2.3· 
Sodiun 1, 140c 945< 9,180 946c 8,020 1,260 
Thall illll 50.2 64.7 35.9 24.5 38.9 47.3 
Vanadillll 39.5 50.7 717 9.5c 240 30.9 
Zinc 120 183 1,610 37.4 409 92.3 

Uranillll-238 45.1 :1: 12.1 NAd 110.2 :1: 13.2 2.0 :1: 2.0 1n.2 :1: 3.2 12.2 :1: 1.8 
Radillll·226 54.4 :1: 14.4 NA 58.6 :1: 17.9 <1.0 60.0 :1: 24.5 0.9:1: 0.1 
Thori un-230 1,200.0 :1: 100.0 NA NA NA NA 3.8 :1: 0.6 
ThoriL.III·232 <1.0 NA <2.0 <1.0 5.5 :1: 0.1 0.9 :1: 0.2 

&Sampling locations are shown in Figure 2·8. 

~etal concentrations are in mg/kg; radionuclide concentrations are in pCi/kg. 

<sample detection limit. 

dNA - not analyzed. 
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Table 4-30 

Concentrations of Metals and Radioru:lides in Soil in the 

South-Central Portion and Central Benned Area of Ashland 1 

Samelins Location• and Deeth ~ftl 
B03R26 B03R26 B03R30 B03R30 B03R38 
0-2 2·6 0-2 2-6 0·2 

(FILL: clay 
loam with (Clay brown, (Clay brown, (Clay brown, (Clay brown, 
slag to mediun mediun mediun mediun 

Anal yteb 4.3 ft) plasticHy> plasticity) plasticity) plasticity) 

Aluninun 43,200 20,000 9,660 11,300 15,800 
Antimony 11.8' 8.9' 8.9' 11.1 9.2' 

Arsenic 29.4' 22.4' 80.3 94.6 122 
Bariun 230 135 78.3 385 130 
Beryllium 6.7 2.9 1.1' 1.1' 1.1' 

Boron 52.8 28.3 32.7 41.6 41.3 
Cadniun 31.9 11.5 1.1' 1.1' 1.1' 

Calciun 26,400 28,600 52,200 52,600 59,100 
Chromiun 109 52.7 14.8 17.6 20.6 
Cobalt 39.5 16.8 17 .8' 19.2 17.7 
Copper 1,870 641 23.6 25.3 28.5 
Iron 28,000 16,000 17,300 19,800 21,100 
Lead 1,050 535 24.1 23.6 28.1 
Magnesiun 7,880 7,900 15,300 16,500 16,000 
Manganese 2,030 1,090 546 570 497 
Molybdenun 29.4' 22.4' 22.4' 22.6' 23.0' 
Nickel 96.2 43.9 27.6. 26.5 31.0 
Potassium 1 ,470c 1 1 120' 1,870 2,520 2,470 
Seleniun 82.8 44.0 22.4' 22.6' 23.0' 
Silver 6.5 2.2' 2.2' 2.3' 2.3' 
Sodiun 1,750 2,870 1,240 1,250 1,500 
Thall iun 50.3 30.4 50.3 54.3 58.0 
Vanadiun 1,070 443 23.0 28.4 51.6 
Zinc 1,060 400 4.5' 4.5' 9.1 
X Sol ids NAd NA 84.8 85.8 82.5 
Chloride NA NA 11.6' 23.3' 17.2 
Nitrate NA NA 0.46' 0.56 1.6 
Sulfate NA NA 343 272 233 
Urani un- 238 560.7 :t 6.0 88.0 :t 2.0 17.2 :1: 3.2 9.2 :1: 2.5 9.7 :1: 2.6 
Radiun-226 169.1 :1: 48.4 23.1 :t 6.4 1.9 :1: 0.3 1.3 :1: 0.2 2.1 :1: 0.5 
Thoriun-230 4,400 :t 100 500 :t 10.0 26.0 :1: 3.0 8.4 :1: 0.9 21.0 :1: 2.0 
Thoriun-232 <1.0 <2.0 1.1 :1: 0.4 1.0 :t 0.8 1.0 :1: 0.4 

•sampling locations are shown in Figure 2-8. 

~etal concentrations are in mg/kg; radionuclide concentrations are in pCi/g. 

'Sample detection limit. 

dNA - not analyzed. 
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B03R38 
2-6 

(Clay brown, 
mediun 

plasticity) 

NA 

NA 
NA 

NA 
NA 
NA 

NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
85.0 
NA 
NA 

NA 
NA 
NA 
NA 

NA 



'l'able 4-31 
First-Phase sampling Results for onsite Surface Water at Ashland 1 

Page 1 of 2 

SamQling Location a 

AS-8 GS-5 
Analyte (Upstream) AS-7 (Upstream) SP-2 

Radionuclides (pCi/L) 

Uranium-238 NAb 1.7 NA NA. 
Radium-226 NA 1.4 NA NA 
Thorium-232 NA NA NA NA 
Thorium-230 NA 0.9 NA NA 

Metals (ppb) 

Aluminum NA NA 10,200 151,000 
Antimony NA NA 187 103 
Arsenic NA NA 100° 259 
Barium NA NA 285 1,640 
Beryllium NA NA 5. oc 19.2 
Boron NA NA 356 572 
Cadmium NA NA 5. oc 22.6 
Calcium NA NA 174,000 903,000 
Chromium NA NA 176 469 
Cobalt NA NA 50.0° 134 
Copper NA NA 57.6 964 
Iron NA NA 16,70.0 222,000 
Lead NA NA 3,680 2,700 
Magnesium NA NA 38,800 237,000 
Manganese NA NA . 584 6,620 
Molybdenum NA NA 2,250 100° 
Nickel NA NA 78.1 805 
Potassium NA NA 6,660 28,100 
Selenium NA NA 100° 872 
Silver NA NA 10. oc 10.0° 
Sodium NA NA 42,500 57,300 
Thallium NA NA 100° 775° 
Vanadium NA NA 50.0° 1,190 
Zinc NA NA 1,220 5,380 

:Indicator Parameters 

Chloride (mgfL) NA NA 71.5 80.9 
Nitrated (mg/L) NA NA 0.16 0.10° 
Oil & grease NA NA 2.7 7.2 

gravimetric (mg/L) 
pH (pH units) NA NA 7.6 7.1 
Sulfate (mg/L) NA NA 421 221 
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Page 2 of 2 

'l'able 4-31 

(continued) 

Sampling Location8 

GS-5 
Analyte 

AS-8 
(Upstream) AS-7 (Upstream) 

VOCs (#'9/L) 

trans-1,3-Dichloropropene 
Bromoform 

BNAEs (J19/L) 

NA 
NA 

2-Methylnaphthalene NA 
Phenanthrene NA 
Di-n-butylphthalate NA 
Fluoranthene NA 
Pyrene NA 
Benzo(a)anthracene NA 
Chrysene NA 
Bis(2-ethylhexyl)phthalate NA 
Benzo(b)fluoranthene NA 
Benzo(k)fluoranthene NA 
Benzo(a)pyrene NA 
Indeno(1,2,3-cd)pyrene NA 
Benzo(g,h,i)perylene NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8 Sampling locations are shown in Figure 2-17. 

bNA - not analyzed. 

0 Sample detection limit. 

dChemical composition as nitrogen. 

evalue estimated by laboratory. 

fAnalyte detected in method blank. 
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NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

SP-2 

2.2 
5.2 

2e 
2e 
3e 
12 
11 
5e 
4e 

11f 
4 

3e 
4e 
4e 
4e 



Table 4-32 

First-Phase Sampling Results for onsite Sediments at Ashland 1 

Sampling Locationa 
AS-8. GS-5 

Analyte (Upstream) AS-7 (Upstream) 

Radionuclides (pCi/L) 

Uranium-238 0.4 1.5 <1 
Radium-226 0.7 1.4 <1 
Thorium-232 NAb NA <1 
Thorium-203 0.8 3.5 0.2 

Metals (ppm) 

Aluminum NA NA 31320 
Antimony NA NA 31770 
Arsenic NA NA 49.2° 
Barium NA NA 31390 
Beryllium NA NA 2. 5° 
Boron NA NA 49.2° 
Cadmium NA NA 2. 5° 
Calcium NA NA 121900 
Chromium NA NA 641 
Cobalt NA NA 24.6° 
Copper NA NA 42.7 
Iron NA NA 371800 
Lead NA NA 71890 
Magnesium NA NA 21870 
Manganese NA NA 430 
Molybdenum NA NA 100 
Nickel NA NA 51.0 
Potassium NA NA 2 1460° 
Selenium NA NA 261 
Silver NA NA 4 • 9c 
Sodium NA NA 2 1460° 
Thallium NA NA 61.1 
Vanadium NA NA 24.6° 
Zinc NA NA 2,230 

8 Sampling locations are shown in Figure 2-17. 

bNA - not analyzed. 

0Sample detection limit. 
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± 

SP-2 

4.5 ± 0.4 
0.9 ± 0.2 
1.0 ± 0.2 

0.2 9.4 ± 1.3 

9,730 
27.7 
35.2° 

148 . 
1. 8° 

44.5 
2.3 

631400 
42.2 
17.6° 
66.3 

191100 
196 

131400 
504 

35.2° 
71.3 

1 1760° 
56.6 

3 0 5° 
1 1760° 

71.1 
106 
534 



Table 4-33 

First-Phase Sampling Results for Offsite Surface Water 

near Ashland 1 

Page 1 of 2 

Sampling Location8 

Analyte SP-1 

Radionuclides (pCi/L) 

Uranium-238 
Radium-226 
Thorium-232 
Thorium-230 

Metals (p.g/L) 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

NAb 
NA 
NA 
NA 

625 
40. oc 

100c 
200c 

5. oc 
250 

5. oc 
331,000 

10. oc 
50. oc 
26.7 

19,600 
100c 

47,000 
3,700 

100c 
40. oc 

5, ooob 
100c 

10. oc 
6,580 

100b 
50. oc 

1,390 

Indicator Parameters 

Chloride (mg/L) 
Nitrated (mg/L) 
pH (pH units) 
Sulfate (mg/L) 
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3.7 
0.1oc 
6.8 

708 

4-171 

GS-4 GS-6 

NA 
NA 
NA 
NA 

72,200 
47.9 

100c 
723 

5.8 
337 

5c 
282,000 

93.4 
59.4 

167 
102,000 

221 
73,000 

4,030 
100c 
136 

19,400 
556 
10c 

132,000 
132 
160 
581 

180 
0.18 
7.4 

164 

NA 
NA 
NA 
NA 

340 
40c · 

100c 
200c 

5. oc 
261 

5. oc 
122,000 

62.5 
50. oc 
25. oc 

317 
100c 

6,970 
79.5 

434 
40. oc 

16,300 
100c 

10. oc 
20,300 

100c 
56.8 
48.0 

12.4 
1.4 
8.7 

285 
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Table 4-33 

(continued) 

Sampling Locationa 
Analyte 

VOCs (p.g/L) 

Toluene 

BNAEs (p.g/L) 

Phenol 
4-Methylphenol 
Di-n-butyl-

phthalate 
Bis(2-ethylhexyl)

phthalate 

SP-1 

3.4 

GS-4 

NA 
NA 
NA 

NA 

8 Sampling locations are shown in Figure 2-17. 

~A - not analyzed. 

csample detection limit. 

dchemical composition as nitrogen. 

evalue estimated by iaboratory. 
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GS-6 

NA 
NA 
NA 

NA 



Table 4-34 
First-Phase Sampling Results for Offsite Sediments near 

Ashland 1 

Sampling Locationa 
Analyte SP-1 GS-4 GS-6 

Radionuclides (pCi/q) 

Uranium-238 <2.0 <2.0 4.4 
Radium-226 0.8 0.9 1.5 
Thorium-232 0.9 1.0 0.9 
Thorium-230 2.7 1.2 57.0 

Metals (mqfkq) 

Aluminum 17,800 8,790 8,430 
Antimony 12. 7b 14. 2b 40.3 
Arsenic 31. 7b 35. 4b 33. 6b 
Barium 162 . 98 126 
Beryllium 1. 6b 1. 8b 1. 7b 
Boron 31. 7b 35. 4b 33. 6b 
Cadmium 1. 6b 1. 8b 3.2 
Calcium 24,000 22,400 591500 
Chromium 26.2 14.4 31150 
Cobalt 15.9b 17. 7b 16. 8b 
Copper 30 22.3 102 
Iron 281700 151100 561700 
Lead 56.3 35.4 102 
Magnesium 111500 61930 111800 
Manganese 464 415 931 
Molybdenum 31. 7b 35. 4b 33. 6b 
Nickel 35.6 18.2 397 
Potassium 11630 11 770b 11 680b 
Selenium 239 129 437 
Silver 3. 2b 3. 5b 3. 4b 
Sodium 11 590b 11 770b 11680 
Thallium 58.3 35. 4b 113 
Vanadium 51.5 24 145 
Zinc 691 82.3 11370 

8 Sampling locations are shown in Figure 2-17. 

bsample detection limit. 
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Table 4-35 
Second-Phase sampling Results for surface water at Ashland 1 

Page 1 of 2 

Sampling 
Location8 

113 
(Upstream) 

Radionuclides (pCi/L) 

Uranium-238 
Radium-226 
Thorium-232 
Thorium-230 

Metals (ppb) 

Silver 
Aluminum 
Arsenic 
Boron 
Barium 
Beryllium 
Calcium 
Cadmium 
Cobalt 
Chromium 
Copper 
Iron 
Mercury 
Potassium 
Magnesium 
Manganese 
Molybdenum 
Sodium 
Nickel 
Lead 
Antimony 
Selenium 
Thallium 
Vanadium 
Zinc 

1.1 ± 0.3 
0.3 ± 0.1 

<0.1 
<0.1 

lOb 
306 

5oob 
156 

200b 
sb 

63,900 
sb 

sob 
lOb 
2Sb 
843 

0.2b 
s, ooob 
13,400 

295 
lOOb 

6,670 
40b 
90b 
60b 

lOOb 
soob 

sob 
24.1 

Indicator Parameters 

TOX (ppb) 
TOC (ppm) 
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77 
11 

4-174 

115 

470 
0.4 
0.1 
1 

lOb 
1,250 

soob 
878 

200b 
5b 

77,500 
5b 

sob 
lOb 
25b 

1,940 

± 40 
± 0.1 
± 0.1 
± 0.2 

. o. 2b 
s, ooob 
28,900 

159 
lOOb 

60,600 
40b 
90b 
60b 

lOOb 
soob 
109 

30.9 

93 
9.4 

110 

28 
0.2 
0.1 
0.1 

± 2 
± 0.1 
± 0.1 
± 0.1 

lOb 
276 

soob 
314 

200b 
5b 

77,500 
5b 

sob 
lOb 
25b 

1,060 
o. 2b 

S,l60 
17,600 

120 
lOOb 

27,900 
40b 
90b 
60b 

lOOb 
soob 

sob 
67.4 

300 
8.4 



Table 4-35 

(continued) 

Page 2 of 2 

Sampling 113 
Location a {'Opstream) 115 

vocs (ppb) 

Methylene chloride 51 29 
Acetone 38 39 
2-Butanone lOb lOb 
Benzene 450 5b 
Toluene 3,500 5b 
Ethylbenzene 45 5b 
Xylene (total) 770 5b 
1,2-Dichloroethene 14 5b 

BNAEs (ppb) 

Phenol ac lOb 
2-Methylphenol 65 lOb 
4-Methylphenol 15 lOb 
2,4-Dimethylphenol 23 lOb 
2-Methylnaphthalene lOb lOb 
Pentachlorophenol 2 sob 
Bis{2-ethylhexyl) lc 19 

phthalate 

8 Sampling locations are shown in Figure 2-17. 

bsample detection limit. 

CValue estimated by laboratory. 

503_0064 (12/28/92) 4-175 

110 

19 
15 

lOb 
110 

5 
lc 
4c 
5b 

lOb 
lOb 
lOb 
lOb 
lOb 
sob 
lOb 



Table 4-36 
second-Phase samplinq Results for Sediments at Ashland 1 

sampling 
Location8 

Radionuclides 

Uranium-238 
Radium-226 
Thorium-232 
Thorium-230 

113 
(Upst;ream) 

(pCi/q) 

<3 
1 ± 0.3 
1.2 ± 0.3 
0.6 ± 0.5 

115 

24 ± 
1.6 ± 

<1 
5.5 ± 

8 Sampling locations are shown in Figure 2-17. 

503_0064 (12/28/92) 4-176 

110 

6 <3.2 
0.7 0.7 

0.9 
1.1 0.7 

± 0.3 
± 0.5 
± 0.5 



Table 4-37 

Summary of Radionuclide Concentrations in Soil at Seaway 

Pa e 1 of 3 

Borehole Coordinate Depth Concentration (:gCi[g} 
Number• East North (ft) Uranium-238 Radium-226 Thorium-232 Thorium-230 

Background (mean) 3.1 1.1 1.2 1.4 

B23R03 2000 1200 0 1b 8 2.4 1.3 33 
2000 1200 1 2 6 1.4 1.2 7.7 
2000 1200 2 3 10 1.4 2.5 1.3 
2000 1200 3 4 13 1.5 3 1.5 

B23R06 2200 1400 0 2 5 1.3 1.1 2.6 
2200 1400 6 8b 24 4 2 2.3 
2200 1400 11 12 18 2.2 5 1 

B23R08 2400 1550 1 2b 8 4.8 4 29 
2400 1550 2 3b 6 1.7 1.7 21 
2400 1550 3 4b 6 3 1.4 85 

.t>o 
2400 1550 11 12 11 3 3 3 

I B23R09 2400 1200 0 2b 3 16.2 3 170 
I-' 2400 1200 2 3b 2 21 2 330 
...J 

2400 1200 3 4b 1 37 1 700 ...J 
2400 1200 4 6b 1 14 1 220 
2400 1200 6 9 0.8 2 0.8 16 

B23RC10 2600 1650 0 o. 5b 18 2.5 2 2.3 
B23Rll 2600 1400 0 1b 13 13 1.2 275 

2600 1400 1 2b 9 3.1 1 65 
2600 1400 2 3 10 1.6 1.2 5.7 

B23R12 2600 1000 4 5b 7 4.1 1 25 
B23R13 2800 1550 0 1b 20 19 1 249 

2800 1550 1 2b 17 17 2 307 
2800 1550 2 5 8 1.3 1.6 11 

B23R15 3000 1400 2 5b 8 6 2.3 55 
3000 1400 5 6b 10 3.5 1 30 
3000 1400 6 7b 1 17 1 180 

B23R16 2475 1640 0 o. 5b 9 10 1 170 
2475 1640 0.5- 1b 9 36 1 450 
2475 1640 1 2 10 2.9 3 2.2 

B23R017 2485 1690 0 o. sb 15 2.3 4 52 
2485 1690 0.5- 1 10 1.1 2 1.6 
2485 1690 1 2 10 0.6 2 1.4 

B23RC19 2440 1240 0 2b 20 7.5 2.3 230 
2440 1240 2 4b 20 9.6 1.3 86 
2440 1240 6 8b 4.1 2.7 1 40 
2440 1240 10 12 5.9 2.5 0.6 5.7 

B23,RC20 2100 1275 0 2 8.7 2.1 1.4 3.7 
2100 1275 14 17 4 0.4 1 1 
2100 1275 22 - 24 1.7 1.5 2 0.7 



Table 4-37 

(continued) 

Pa e 2 of 3 

Borehole Coordinate Depth Concentration lPCi/al 
Number• East North (ft) Uranium-238 Radium-226 Thorium-232 Thorium-230 

B23RC21 2750 1300 0 - 2b 33 22 1.3 550 
2750 1300 4 - 6b 14 7 0.8 69 
2750 1300 24 - 26 3.1 3.2 1.3 1.5 
2750 1300 28 - 30 6.2 2.3 2.8 0.8 

B23RC23 2590 1200 0 1b 13 17 1.2 210 
2590 1200 1 - 2b 29 11 1.3 320 
2590 1200 2 - 2. 5b 23 11 1.5 500 

B23RC24 2420 1160 0 - 1b 38 72 2.3 570 
B23RC25 2300 1165 0 - 1b 7.7 3.4 0.7 45 

2300 1165 1 - 2b 8.3 4 1 100 
B23RC27 220() 1150 0 - 1" 9.2 1 1.1 8.2 
B23RC28 2600 1100 0 - 1 4.5 1.3 o.s 3.3 

2600 1100 1 - 2b 5.1 2.6 0.8 22 
2600 1100 2 - 2.5 5.7 0.4 0.5 9.3 

,J:I. B23RC31 2000 1400 0 - 1b 4.4 2.2 1.5 19 
I 

...... 2000 1400 1 - 2 5 0.9 0.8 8.7 

....,J 2000 1400 3 - 4 8.9 0.6 1.1 1.4 co 
B23RC33 2200 1300 0 - 1b 16 10 0.9 87 

2200 1300 1 - 2 3.9 0.8 0.6 4.6 
B23RC34 2200 1550 0 - 1b 7 3.6 0.6 160 

2200 1550 1 - 2 4.8 1.2 0.7 9.2 
B23RC35 2600 1550 0 - lb 9.8 2 1.5 33 

2600 1550 1 - 2b 5.9 1.6 1.1 46 
2600 1550 3 - 4 5.1 0.8 1.3 3 

B23RC36 2400 1550 0 - lb 8.2 4 1 51 
2400 1550 1 - 2b 12 9.2 0.7 240 

B23RC37 2900 1550 0 - 1b 7.5 4.5 0.7 140 
2900 1550 1 - 2b 7.6 4.4 1.2 82 

B23RC39 2600 1400 0 - 1b 40 19 1.6 700 
B23RC40 2800 1400 0 - 1b 34 32 1.3 880 
B23RC42 2000 1150 0 - 1 4.2 1.2 0.8 1 

2000 1150 1 - 1.5b 4.4 1 1 73 
B23RC43 2200 1450 0 - 1b 10 4.7 1 73 

2200 1450 1 1.5 5.2 1.8 0.8 4.3 
B23RC44 2800 1450 0 - 1b 31 20 1.3 250 

2800 1450 1 - 2 4.4 2.1 0·.9 10 
2800 1450 .2 2 .sb 7.1 2 l.f3 41 

B23RC45 2400 1450 0 - 1b 4.4 2.4 1.1 35 
B23RC46 2750 1250 0 - 1b 9.2 7.6 0.7 261 

2750 1250 1 - 2b 6.6 4.4 0.7 38 
B23RC47 2400 1300 0 - lb 17 18 21 268 

f 2400 1300 1 - 2b 1~ 8.4 1.9 96 
2400 1300 2 - 2. 5b 3.7 1 36 



Table 4-37 

(continued) 

Pa e 3 of 3 

Borehole coordinate Depth concentration {I~Cilg} 
Number• East North (ft) uranium-238 Radium-226 Thorium-232 Thorium-230 

B23RC49 2150 1250 0 1b 14 20 1.7 215 
2150 1250 1 1.5 6.2 2 0.8 11 

B23RC50 2500 1250 0 1b 36 11 0.9 633 
B23RC51 2500 1350 0 1b 23 14 1.6 500 

2500 1350 1 2b 13 13 1.1 72 
B23RCS2 2100 1350 0 1b 7 3.5 1.3 70 
B23RCS3 2000 1300 0 1b 11 8.6 1.2 so 

2000 1300 1 2b 6 2.5 1.1 97 
B23RC54 2700 1500 0 1b 27 14 0.8 690 

2700 1500 1 2b 4.9 1 0.8 35 
B23RC55 2400 1575 0 1 4.2 1 0.9 8.2 

2400 1575 1 2b 5.7 1.1 0.7 88 
2400 1575 2 3b 6.5 4 1.3 16 

~ B23RC57 4350 570 0 1 6.1 1.2 1.1 2.2 
I 

4350 570 1 2b 12 2.2 1 22 ...... 
-J 4350 570 2 3 11 0.9 1.3 1.6 
1.0 

B23RC59 4600 570 0 1b 5.8 1.5 1.7 18 
4600 570 1 2b 9.9 1.2 1.2 17 

B23RC60 5300 570 0 1b 52 7.8 1.9 190 
5300 570 2 3b 6.5 1.4 1.2 32 
5300 570 3 4b 5.6 1.4 1.1 13 

AVERAGE 11.0 7.0 1.6 122.3 
MINIMUM 0.8 0.4 0.5 0.7 
MAXIMUM 52.0 72.0 21.0 880.0 
STANDARD DEVIATION 9.2 9.9 2.1 186.1 

•sampling locations are shown in Figures 2-13 and 2-14. 

bRadioactively contaminated interval. 



Table 4-38 
First-Phase Samplinq Results for surface water at seaway 

Page 1 of 2 

Analyte 
AS-7 

(Upstream) 

Radionuclides (pCi/L) 

Uranium-238 
Radium-226 
Thorium-232 
Thorium-230 

Metals (p.q/L) 

Silver 
Aluminum 
Boron 
Arsenic 
Cadmium 
Calcium 
Beryllium 
Barium 
Molybdenum 
Nickel 
Sodium 
Manganese 
Magnesium 
Potassium 
Iron 
Copper 
Chromium 
Cobalt 
Zinc 
Vanadium 
Thallium 
Selenium 

·Antimony 
Lead 

1.7 
1.4 
NA 
0.9 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Xndicator Parameters 

Chloride (mg/L) NA 
Oil & grease NA 

gravimetric (mg/L) 
pH (pH units) NA 
Sulfate (mg/L) NA 

503_0064 (12/28/92) 

Sampling Location8 

AS-6 

NAb 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 

4-180 

SP-2 
(Upstream) 

NA 
NA 
NA 
NA 

10c 
1S1,000 

S72 
2S9 

22.6 
903,000 

19.2 
1,640 

100c 
80S 

S7,300 
6,620 

.237,000 
28,100 

222,000 
964 
469 
134 

S,380 
1,190 

77S 
872 
103 

2,700 

80.9 
7.2 

7.1 
221 

SP-3 

NA 
NA 
NA 
NA 

10c 
463 

11,900 
100c 

sc 
117,000 

sc 
266 

100c 
68.9 

231,000 
4S4 

62,600 
4S,600 
2,690 

2Sc 
10c 
soc 
69.S 

soc 
100c 
100c 

40c 
100c 

394 
6.9 

7.1 
210 



Table 4.-38 

(continued) 

Page 2 of 2 

sampling 
Location a 

AS-7 
(Upstream) 

vocs (J.'g/L) 

Trans-1,2-Dichloroethene NA 
1,2-Dichloroethane NA 
Bromodichloromethane NA 
1,2-Dichloropropane NA 
Trans-1,3-Dichloropropene NA 
Benzene NA 
Bromoform NA 
Toluene NA 
Total Xylenes NA 

BNAEs (J.'g/L) 

2,4-Dimethylphenol NA 
Benzoic Acid NA 
2-Methylnaphthalene NA 
Phenanthrene NA 
Di-n-Butylphthalate NA 
Fluorathene NA 
Pyrene NA 
Benzo(a)anthracene NA 
Chrysene NA 
Bis(2-ethylhexyl)phthalate NA 
Benzo(b)fluoranthene NA 
Benzo(k)fluoranthene NA 
Benzo(a)pyrene NA 
Indeno(1,2,3-cd)pyrene NA 
Benzo(g,h,i)perylene NA 

8 Sampling locations are shown in 

bNot analyzed. 

csample detection limit. 

dValue estimated by laboratory. 

8Analyte present in method blank. 

AS-6 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

· NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Figure 2-17. 

503_0064 (12/28/92) 4-181 

SP-2 
(Upstream) 

1c 
1c 
1c 
1c 
2.2 

1c 
5.2 

1c 
1c 

11c 
56c 

2d 
2d 
3d 

12 
11 
5d 
4d 

118 

4 
3d 
4d 
4d 
4d 

SP-3 

1.9 
3.5 
2.0 
1.3 

1c 
10.0 
1c 
2.7 
6.0 

12 
29d 
10c 
10c 

1d 
10c 

1d 
10c 
10c 
10c 
10c 
10c 
10c 
10c 
10c 



Table 4-39 
First-Phase Samplinq Results for sediments at seaway 

Sampling Location8 

AS-7 SP-2 
Analyte (Upstream) AS-6 (Upstream) SP-3 

Radionuclides (pCi/q) 

Uranium-238 1.5 0.2 4.5 2.5 
Radium-226 1.4 1.4 . 9 1.0 
Thorium-232 NA NA 1.0 1.3 
Thorium-230 3.5 1.1 9.4 1.4 

Metals (mqjkg) 

Silver NA NA 3. 5b 2 .lb 
Aluminum NA NA 9,730 6,120 
Iron NA NA 191 100· 12,700 
Zinc NA NA 534 143 
Vanadium NA NA 106 29.1 
Thallium NA NA 71.1 27.4 
Selenium NA NA 56.6 110 
Antimony NA NA 27.7 9.7 
Lead NA NA 196 76.9 
Nickel NA NA 71.3 19.9 
Sodium NA NA 1, 760b 1, 030b 
Molybdenum NA NA 35. 2b 20. 6b 
Manganese NA NA 504 1,070 
Magnesium NA NA 13,400 13,400 
Potassium NA NA 1, 760b 1, 030b 
Copper NA NA 66.3 60.7 
Chromium NA NA 42.2 63.9 
Cobalt NA NA 17. 6b 10. 3b 
Cadmium NA NA 2.3 1b 
Calcium NA NA 63,400 53,300 
Beryllium NA NA 1. 8b 1b 
Barium NA NA 148 119 
Boron NA NA 44.5 33.5 
Arsenic NA NA 35. 2b 20. 6b 

8 Sampling locations shown in Figure 2-17. 

bsample detection limit. 

503_0064 (12/28/92) 4-182 



Page 2 of 2 

Table 4-39 

(continued) 

Sampling Location8 

SP-2 
Analyte 

AS-7 
(Upstream) AS-6 (Upstream) 

Volatile Organics (~g/L) 

trans-1,2-Dichloroethene NA 
1,2-Dichloroethane NA 
Bromodichloromethane NA 
1,2-Dichloropropane NA 
trans-1,3-Dichloropropene NA 
Benzene NA 
Bromoform NA 
Toluene NA 
Total xylenes NA 

BNAE Organics (~g/L) 

2,4~Dimethylphenol NA 
Benzoic Acid NA 
2-Methylnaphthalene NA 
Phenanthrene NA 
Di-n-butylphthalate NA 
Fluorathene NA 
Pyrene NA 
Benzo(a)anthracene NA 
Chrysene NA 
Bis(2-ethylhexyl)phthalate NA 
Benzo(b)fluoranthene NA 
Benzo(k)fluoranthene NA 
Benzo(a)pyrene NA 
Indeno(1,2,3-cd)pyrene NA 
Benzo(g,h,i)perylene NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8Sampling locations are shown in Figure 2-17. 

bNA - not analyzed. 

0Sample detection limit. 

dValue estimated by laboratory. 

8Analyte present in method blank. 

503_0064 (12/28/92) 4-183 

1c 
1c 
1c 
1c 
2.2 

1c 
5.2 

1c 
1c 

11° 
56c 

2d 
2d 
3d 
12 
11 
5d 
4d 

118 

4 
3d 
4d 
4d 
4d 

SP-3 

1.9 
3.5 
2.0 
1.3 

1c 
10.0 
1c 
2.7 
6.0 

12 
29d 
10° 
10° 

1d 
10° 

1d 
10° 
10° 
10° 
10° 
10° 
10° 
10° 
10° 



Table 4-40 

second-Phase Sampling Results 

for surface Water at seaway 

Page 1 of 2 

Sampling 
Location8 

110 
(Upstream) 

Radionuclides (pCi/L) 

Uranium-238 
Radium-22G 
Thorium-232 
Thorium-230 

Metals (ppb) 

Silver 
Aluminum 
Arsenic 
Boron 
Barium 
Beryllium 
Calcium 
Cadmium 
Cobalt 
Chromium 
Copper 
Iron 
Mercury 
Potassium 
Magnesium 
Manganese 
Molybdenum 
Sodium 
Nickel 
Lead 
Antimony 
Selenium 
Thallium 
Vanadium 
Zinc 

28 ± 
0.2 ± 
0.1 ± 
0.1 ± 

lOb 
27G 

soob 
314 

200b 
sb 

77,SOO 
sb 

sob 
lOb 
2Sb 

1,060 

2 
0.1 
0.1 
0.1 

o. 2b 
S,160 

17,GOO 
120 

100b 
27,900 

40b 
gob 
GOb 

100b 
soob 

sob 
67.4 

Indicator Parameters 

TOX (ppb) 
TOC (ppm) 

503_0064'(12/28/92) 

300 
8.4 

4-184 

111 

180 
0.5 
0.1 
0.5 

± 10 
± 0.1 
± 0.1 
± 0.1 

10b 
1,170 

500b 
3,720 

200b 
sb 

137,000 
sb 

sob 
lOb 
2Sb 

3,0SO 
o. 2b 

18,400 
SS,400 

497 
217 

100,000 
40b 
gob 
GOb 

100b 
soob 

73.S 
187 

93 
80.S 



Table 4-40 

(continued) 

Page 2 of 2 

sampling 110 
Location a (Upstream) 111 

VOCs (ppb) 

Methylene chloride 19 28 
Acetone lS 99 
2-Butanone lOb 94 
Benzene 110 44 
Toluene s 6 
Ethylbenzene lc lc 
Xylene (total) 4c 4c 
1,2-Dichloroethene sb sb 

BNAEs (pp:b) 

Phenol lOb 30b 
2-Methylphenol lOb 6c 
4-Methylphenol lOb lOb 
2,4-Dimethylphenol lOb sc 
2-Methylnaphthalene lOb sob 
Pentachlorophenol sob lOb 
Bis(2-ethylhexyl) lOb 

phthalate 

8 Sampling locations are shown in Figure 2-19. 

bsample detection limit. 

0 Value estimated by laboratory •. 

503_0064 (12/28/92) 4-185 



503_0064 (12/28/92) 

Table 4-41 
second-Phase sampling Results 

for Sediments at seaway 

Sampling 
Location8 

110 
(Upstream) 111 

Radionuclides (pCi/g) 

Uranium-238 <3.2 
Radium-226 0.7 ± 0.3 
Thorium-232 0.9 ± 0.5 
Thorium-230 0.7 ± 0.5 

8 Sampling locations are shown in 
Figure 2-19. 

4-186 

4.2 ± 
1.0 ± 
0.6 ± 
0.8 ± 

3 
0.3 
0.4 
0.5 



Table 4-42 

Summary of Radionuclide Concentrations in Contaminated Soil at Ashland 2 

Pa e 1 of 4 

Borehole Coordinate Depth Concentration {QCiLgl 
Number• East North (ft) Uranium-238 Radium-226 Thorium-232 Thorium-230 

Background (mean) 3.1 1.1 1.2 1.4 

B32R109 2400 3100 0 3b 68.5 1.6 1.5 7.5 
B32W03 2406 2070 0 2 2 1.2 1.2 0.9 

2406 2070 2 3b 8.1 1.9 1.4 44 
B32R03 2425 2600 0 1b 37.1 7.4 1.4 96 

2425 2600 1 2 4 0.9 1.2 NA0 

2425 2600 2 3b 23.8 5 1.5 91 
2425 2600 3 4 6 1 1.3 5.4 
2425 2.600 4 5 4 1 1 NA 
2425 2600 5 6 3.1 1.2 1.2 NA 

B32R110 2430 1800 0 1d 3.9 3 1.7 14 
2430 1800 1 2 2 2.2 1.2 11.1 

~ 2430 1800 2 3 4.5 2 2 0.7 
I B32R19 2500 2200 0 1b 6 2.1 1 43 

I-' 2500 2200 1 2 4 1.3 1.1 5.6 (X) 

--.J 2500 2200 2 3 2.2 1 0.8 1 
2500 2200 3 4 3 1 1 NA 
2500 2200 4 5 3 0.9 1 NA 
2500 2200 5 6 4 1.1 1 NA 

B32R08 2500 2450 0 1b 6.1 1.7 1.4 520 
2500 2450 1 2b 182.5 60.1 2 520 
2500 2450 2 3b 150.9 59 4.1 NA 
2500 2450 3 4 7.1 2.8 1.7 NA 
2500 2450 4 5b 3.1 3.2 2 77 
2500 2450 5 6b 17 4.2 1.6 77 
2500 2450 7 sb 7 1 1 57 

B32R04 2550 2575 0 1b 263.3 61.5 27 1,500 
2550 2575 1 2 15 1.7 1.2 NA 
2550 2575 2 3 5.8 1.5 1.1 NA 
2550 2575 3 4 10.4 2.3 1.6 NA 
2550 2575 4 sb 8.2 3.1 1.3 58 
2550 2575 5 6 4 1.1 1.1 3 
2550 2575 6 7.5 2.3 1.1 1.2 NA 
2550 2575 7.5- 9 4.6 l 1.2 NA 

B32R05 2600 2550 0 1b 154.2 189 2 2,200 
2600 2550 1 2b 89.7 42.6 5 2,200 
2600 2550 2 3 4 1 1.6 NA 
2600 2550 3 4b 147 50.1 7 840 
2600 2550 4 5b 3 1 1 460 
2600 2550 5 6 3 0.8 0.8 7.1 
2600 2550 6 7 2.5 1.2 1 NA 
2600 2550 7 8 3 0.9 0.9 NA 
2600 2550 8 9 3.4 4.6 1 NA 



Table 4-42 

(continued) 

Pa e 2 of 4 

Borehole Coordinate Depth Concentration (:QCilg} 
Number• East North (ft) Uranium-238 Radium-226 Thorium-232 Thorium-230 

B32R09 2600 2450 0 - 1b 30.1 18.8 4 500 
2600 2450 1 - 2 8.1 5.8 1 NA 
2600 2450 2 - 3b 141.2 42.7 2.5 440 
2600 2450 3 - 4 4 1.7 1 5.1 
2600 2450 4 - sb 4.4 1.2 1.1 310 
2600 2450 5 6 4 1 1 NA 
2600 2450 6 ... 7.5 4 0.9 1.4 NA 
2600 2450 7.5- 9 3 1 1 NA 

B32R02 2600 2660 0 - lb 26 51 1 11 
2600 2660 1 - 2b 6 1 1.1 11 
2600 2660 2 - 3b 5 1.4 1.1 41 
2600 2660 3 - 4 5 1 1.2 2.7 
2600 2660 4 - 5 3 1 1 NA 
2600 2660 5 - 6 6 1 1.1 NA 

B32R17A 2625 2250 0 - 1 7.8 2.8 1.1 NA 
2625 2250 1 - 2b 29.1 2.9 2.6 NA 

tb 2625 2250 2 - Jb 65.0 5.3 2.3 310.0 
I 

2625 2250 3 6b 17.8 3.7 1 44.0 1-' -
(X) B32R06 2740 2540 0 - lb 163.2 46.6 8 1,440 
(X) 

2740 2540 1 2b 168 66.7 3.1 NA -
2740 2540 2 - 3b 244.6 61.2 2 NA 
2740 2540 3 - 6b 67.8 15.2 1.6 330 
2740 2540 6 - 7 20.3 1.7 1 NA 
2740 2540 7 - 8 19.9 0.8 0.6 NA 
2740 2540 8 - 9b 2.6 0.8 1.1 21 

B32R120 2750 2650 0 - 1'! 7.7 1.6 1.5 5.6 
2750 2650 1 - 2 5.2 1.2 1 NA 
2750 2650 2 - 3 2 1.6 1.3 NA 
2750 2650 3 - 4 3 1 1 NA 
2750 2650 4 - 5 3 0.8 1 NA 
2750 2650 5 - 6 3 1 1 NA 

B32Rl0 2775 2447 0 - 1 3 1.4 1.2 2.1 
2775 2447 1 - 2b 4.4 1 1.7 39 
2775 2447 2 - 3b 6.3 1.7 1.8 15 
2775 2447 3 - 4 4 1.1 1 13 
2775 2447 4 - 5 4 1.2 1.2 NA 
2775 2447 5 6 4 1 1 NA 
2775 2447 6 - 7 5 0.9 1 NA 
2775 2447 7 - 8 4 1 1.1 NA 
2775 2447 8 - 9 3 0.9 1.1 NA 

B32R121 2775 2750 0 - 3b 27.2 1.6 1.4 5.9 



Table 4-42 

(continued) 

Pa e 3 of 4 

Borehole Coordinate Depth concentration (I;2Ci[g) 
Number• East North (ft) Uranium-238 Radium-226 Thorium-232 Thorium-230 

B32Rl23 2800 2150 0 1d 3 1 1 11 
2800 2150 1 2 3.1 0.7 1 0.8 
2800 2150 2 3 2 0.8 1 0.2 
2800 2150 3 4 3 1 0.9 0.2 
2800 2150 4 5 1.8 0.7 0.9 0.1 
2800 2150 5 6 3 1.2 1 1.3 

B32R15 2800 2350 0 1b 88.9 35.2 3 14 
2800 2350 1 2b 106 23.3 5 NA 
2800 2350 2 3 4.9 1.3 1.3 NA 
2800 2350 3 4 5.9 1.2 1.2 NA 
2800 2350 4 5b 7 3.9 1.7 45 
2800 2350 5 6b 3 1.1 1 29 

B32R11A 2875 2450 0 1b 48.5 10.2 2 NA 
2875 2450 1 2b 55.7 18.5 1 NA 
2875 2450 2 3b 21.5 8.1 1.5 NA 

or:. 2875 2450 3 4b 38 12.5 2 NA 
I 2875 2450 4 5b 36.5 11.5 1.5 NA 

...... 2875 2450 5 6b 141.5 44.1 2 NA 
(X) 

2875 2450 6 7. 5b 110.9 24.7 1 490 \0 
2875 2450 7.5- 9 2.8 1.2 1.4 2.6 

B32R129 2925 2475 0 1d 6.3 1.9 1.6 6.1 
2925 2475 1 3 3.7 1 1 NA 

B32R130 2950 2675 0 1b 9.4 1.3 1 17 
2950 2675 1 2 4 1 1 NA 
2950 2675 2 3 5 1.4 1.3 NA 
2950 2675 3 4 3.9 1 0.9 NA 
2950 2675 4 5 3 1.1 1 NA 
2950 2675 5 6 3 1 1 NA 

B32R131 3000 2600 0 1b 42.8 1.9 1.3 13 
3000 2600 1 2 11.4 1.6 1.6 3.5 
3000 2600 2 3 7 1 2 1.1 
3000 2600 3 4 3 1.1 0.9 1.1 
3000 2600 4 5 4.1 1.2 1.3 0.5 
3000 2600 5 6 4 1 1 1.3 

B32R135 3050 2600 0 1 2 0.9 1.1 0.7 
3050 2600 1 2 3 1 1.1 2.2 
3050 2600 2 3 2.5 1.4 1.3 1.3 
3050 2600 3 6b 2 1.1 1.3 20 

B32R136 3100 2500 0 - 1.5b 68.9 2.4 L7 9.9 
3100 2500 1.5- 3 10.4 1.4 1 NA 

B32R137 3200 2300 0 1b 35.5 2.1 1.6 NA 
3200 2300 1 2 8.1 1.1 1.1 0.9 
3200 2300 2 3 6.4 1.4 1.3 NA 

B32R155 2908 1904 0 o. 5b 12 3.6 1.1 81 



Pa e 4 of 4 
Borehole Coordinate Depth 
Number• East North (ft) 

B32R901 2575 1610 0 2b 
2575 1610 2 4b 
2575 1610 6 8 

B32R902 2545 1680 0 2b 
2545 1680 2 4 
2545 1680 6 8 

B32R903 2520 1745 0 2b 
2520 1745 2 4 
2520 1745 6 8 

AVERAGE 
STANDARD DEVIATION 
MINIMUM 
MAXIMUM 

.b 
I •sampling locations are shown in Figure 2-10. ,_. 

\0 
0 bcontaminated soil interval. 

0 NA - not analyzed. 

dcontaminated between 0 and 0.5 ft. 

Table 4-42 
(continued) 

Uranium-238 

5.3 
6.6 
2.5 

13 
3.1 
2.5 
2 .• 8 
3.3 
2 

25.2 
48.4 
1.8 

263.3 

Concentration CpCi/gl 
Radium-226 Thorium-232 

5.3 1.2 
4.9 1.2 
1.1 1 
0.9 1.1 
1.3 1 
1.1 1 
4.2 0.9 
1.4 1 
0.7 0.4 

8.4 1.6 
21.4 2.4 
0.7 0.4 

189.0 27.0 

Thorium-230 

56 
42 
1.5 

62 
5.4 
1.5 

18 
2.1 
0.4 

168.7 
424.9 

0.1 
2,200.0 



Table 4-43 

Summary of Radionuclide Concentrations in Soil at Ashland 2 South 

Coordinate 
East North• 

Background (mean) 

3012.4 2753.4 
3311.2 2217.9 
3311.2 2217.9 
3600.0 2300.0 
3600.0 2800.0 
3797.9 3087.5 
3797.9 3087.5 
3800.0 2150.0 
3800.0 2150.0 
3800.0 2300.0 
3800.0 2300.0 
3800.0 2550.0 
3800.0 2550.0 
3800.0 2800.0 
3800.0 2800.0 
3800.0 2800.0 
4034·. 4 2306.0 
4034.4 2306.0 
4200.0 2550.0 
4200.0 2550.0 
4200.0 2800.0 
4293.1 2092.1 
4293.1 2092.1 
4500.0 2307.0 
4500.0 2307.0 
4500.0 2550.0 
4500.0 2816.0 
4500.0 2816.0 
4584.3 3096.3 
4584.3 3096.3 
4598.9 3100.6 
4598.9 3100.6 
4601.9 2097.6 
4601.9 2097. 6 
4700.0 2300.0 
4700.0 2550.0 
4700.0 2800.0 
5503.6 2749.1 
5503.6 2749.1 
5509.1 3094.6 
5509.1 3094.6 

Sample 
Depth 
(ft) 

0 - 2 
0 - 2 
2 - 3 
0 - 2 
0 ..,. 2 
2 - 3 
3 - 4 
0 - 2 
2 - 3 
0 - 1 
2 - 3 
0 - 1 
2 - 3 
0 - 1 
2 - 3 
7 - 8 
0 - 2 
2 - 3 
0 - 1 
2 - 3 
0 - 2 
0 - 2 
2 - 4 
0 - 1 
2 - 3 
0 - 2 

. 0 - 1 

2 - 3 
0 - 1 
2 - 3 
0 - 2 
2 - 3 
0 - 1 
2 - 3 
0 - 2 
0 - 2 
0 - 2 

'0 - 1 
2 - 4 
0 - 2 
2 - 3 

Concentration CpCi/g + 2 sigma) 
Uranium-238 Radium-226 Thorium-232 

3.1 

< 4.0 
< 4.0 

1.2 ± 0.6 
3.3 ± 2.5 

< 2.0 
< 8.0 
< 7.0 
< 4.0 
< 2.0 
< 2.0 
< 2.0 
< 3.0 

2.1 ± 1.4 
< 4.0 
< 3.0 

2.1 ± 1.4 
3.3 ± 2.7 

< 2.0 
< 3.0 
< 2.0 
< 3.0 
< 4.0 

2.3 ± 2.1 
< 3.0 
< 3.0 
< 4.0 
< 3.0 
< 2.0 
< 3.0 
< 7·-.0 

2.6 ± 1.2 
< 3.0 
< 3.0 
< 2.0 
< 3.0 
< 3.0 
< 3.0 
< 3.0 
< 2.0 
< 2.0 
< 3.0 

1.1 

< 1.0 
0.9 ± 0.2 
1.1 ± 0.1 
1.3 ± 0.3 
1.0 ± 0.1 
0.9 ± 0.1 
0.7 ± 0.2 
1.2 ± 0.3 
1.1 ± 0.2 
1.3 ± 0.1 
1.0 ± 0.1 
0.9 ± 0.2 
0.9 ± 0.2 
0.8 ± 0.2 
1.0 ± 0.1 
0.9 ± 0.1 
1.0 ± 0.6 
1.2 ± 0.2 
1.2 ± 0.1 
0.8 ± 0.2 
1.2 ± 0.3 
1.2 ± 0.1 
1.1 ± 0.5 
1.2 ± 0.3 
1.0 ± 0.4 
1.2 ± 0.4 
1.1 ± 0.4 
0.9 ± 0.1 
1.1 ± 0.1 
0.9 ± 0.1 
1.3 ± 0.3 
1.0 ± 0.2 

< 1.0 
1.3 ± 0.2 
1.0 ± 0.3 
1.2 ± 0.1 
1.0 ± 0.3 
1.0 ± 0.3 
0.8 ± 0.1 
1.1 ± 0.2 
1.0 ± 0.4 

1.2 

1.2 ± 0.2 
1.2 ± 0.1 
1.1 ± 0.1 
1.6 ± 0.7 
1.7 ± 0.6 
1.0 ± 0.1 
0.8 ± 0.4 
1.3 ± 0.6 
1.2 ± 0.2 
1.6 ± 0.7 
1.1 ± 0.2 

< 1.0 
1.4 ± 0.4 

< 1.0 
1.2 ± 0.5 
1.2 ± 0.3 
1.0 ± 0.3 
1.6 ± 0.3 

< 1.0 
1.4 ± 0.2 
1.2 ± 0.3 
1.3 ± 0.6 
1.1 ± 0.3 
1.3 ± 0.1 

< 1.0 
1.3 ± 0.6 
1.1 ± 0.2 
1.2 ± 0.4 
1.3 ± 0.4 
1.0 ± 0.1 
1.2 ± 0.2 
1.3 ± 0.3 
1.4 ± 0.4 
1.4 ± 0.5 
1.0 ± 0.2 
1.0 ± 0.1 

< 1.0 
1.3 ± 0.2 
0.9 ± 0.1 
1.2 ± 1.0 

< 1.0 

•Borehole locations are shown in Figure 2-10. 
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Table 4-44 
Organics Detected in Soil at Ashland 2 

Pa e 1 of 2 

SamRling Location• and DeRth (ft} 
B32R05 B32R08 B32R14 B32Rl2 

Compound 0-2 0-2 2-6 0-2 2-6 0-2 2-6 

(Concentrations are reported in units of JLg/kg) 
VOCs 

1,2-Dichloroethane 
__ b __ b __ b 170 38 __ b __ b 

Chlo .... ,.>benzene 
__ b __ b __ b 

17 
__ b __ b __ b 

Methylene chloride __ b __ b __ b 
25 17 

__ b __ b 

Toluene 
__ b __ b __ b __ b __ b 36 21 

Trichlorofluoromethane 
__ b __ b __ b 

44 
__ b 

2 5.9 

BNAEs 

2-Methylnaphthalene 
__ b __ b 

6,600 
__ b __ b __ b __ b 

Anthracene 
__ b __ b 

830 
__ b __ b __ b __ b 

Benzo(a)anthracene 
__ b 

350 
__ b 

2,700 
__ b __ b __ b 

Benzo(a)pyrene 
__ b __ b __ b 

3,400 
__ b __ b __ b 

Bis(2-ethylhexyl)phthalate 450 240 
__ b __ b __ b __ b __ b 

Chrysene 
__ b 

__ b 

3,200 
__ b __ b __ b __ b 

f Fluoranthene 160 610 
__ b 

4,900 
__ b __ b __ b 

~ Indeno(1,2,3-cd)pyrene 
__ b __ b 

1,100 
__ b __ b __ b __ b 

~ Phenanthrene 240 690 7,900 4,000 
__ b __ b __ b 

Pyrene 160 770 2,800 4,000 
__ b __ b __ b 



Pa e 2 of 2 

Compound 

voce 

Benzene 
Ethylbenzene 
Toluene 
Trichlorofluoromethane 

BNAEs 

Anthracene 
Benzo(a)anthracene 
Chrysene 
Di-n-Butylphthalate 
Fluoranthene 
Phenanthrene 

.r.. Pyrene 

B32R16 
6-10 

16 
23 
7.8 

14 

__ b 

__ b 
__ b 

__ b 

__ b 

B32R01 
0-2 

'1 .a 4-44 
(continued) 

Sampling Location• and Depth (ftl 
B32Rll 

2-4 0-2 2-6 6-8 

(Concentrations are reported in units of ~g/kg) 

__ b __ b __ b --b 
__ b 

__ b __ b __ b 
360 __ b 

3.6 4 
__ b 

150 __ b 

__ b __ b __ b __ b __ b 

__ b __ b __ b __ b 
180° 

__ b __ b __ b 
340° __ b 

__ b __ b __ b 340° __ b 

__ b __ b 
89d 64d 100d 

__ b __ b 160° 67° 120° 
__ b __ b 

160° 67° 190° __ b __ b 160° 120° 110° 

B32R17 B32R02 
0-2 0-2 

__ b --b 
__ b --b 
__ b __ b 

--b __ b 

__ b __ b 

--b 
__ b 

__ b __ b 

76d 100d 
__ b __ b 
__ b __ b 

--b __ b 

I -------------------------------------------------------------------------------------------------------------------------1-' 

W•sampling locations are shown in Figure 2-11. ,w 

hoetected at or below the detection limit. 

OValue estimated by laboratory. 

~alue estimated laboratory; also found in laboratory blank. 



Compound 

VOCs 

Methylene chloride 
Toluene 

Table 4-45 

Organics Detected in Soil at Ashland 2 South 

B55G41 
0-2 

Sampling Location• and Depth Cft) 
B55G39 B55G36 

2-6 0-2 

(Concentrations are reported in units of ~g/kg) 

__ b 

19 

__ b 

57 
12 
__ b 

•sampling locations are shown in Figure 4-15. 

~etected at or below detection limit. 

BSSW34D 
2-6 

3 
__ b 



Table 4-46 

Concentrations of Metals and Radioru::l ides in Soil at the 

Northern Bonder of Ashland 2 

SamQling Location• and Deeth ~ftl 
B32R01 B32R01 B32R02 B32R05 B32R05 
0-2 2-4 0-2 0-2 2-4 

(Topsoil (Topsoil 
0-0.5 ft 1 Clay 0-0.6 ft 1 Clay (Silt and clay 
5-8 ft mod. 0.6·4 ftl to 8 ft 1 

Analyteb brown) (As before) mod. brown) natural at 4 ft) (As before) 

Alt..mimm 16,300 121900 201500 451900 131900 
Antimony 8.2< 8.1< 9t 13.2< 6.4< 

Arsenic 20.5< 20.2< 22.5< 33t 16t 

Barit..m 98.4 92.6 87.9 147 91.9 
Beryl Liun 1t 1t 1.1< 6.5 1.2 
Boron 20.5< 20.2< 22.5< 33t 16t 

Cadmiun 1t ,t 1. 1t 34.3 3 
Calciun 41350 311800 3,330 741900 621300 
Chromit..m 22.4 18.7 27.2 60.4 21.4 
Cobalt 10.2< 10.1< 14.4 83.5 13.2 
Copper 14.4 17.3 22.7 1360 129 
Iron 251400 221400 291500 401200 221100 
Lead 43.2 25.2 44.8 354 43.2 
Magnesiun 51490 111000 51920 231200 171300 
Manganese 658 609 656 21480 676 
Molybdenun 20.5< 20.2< 22.5< 33t 16t 

Nickel 26.6 21.1 21.4 134 32.3 
Potassiun 11920 11830 11640 21050 11510 
Seleniun 86.6 73.4 169 239 151 
Silver 3 2.1 2.3< 11.8 4.2 
Socliun 1 1020< 1 I 01 o< 11 130t 81840 966 
Thall iun 47.7 53.6 51.6 53.5 47.2 
Vanadiun 25.3 20.6 38 748 74.6 
Zinc 92.5 77.4 99.6 11900 208 

Uraniun-238 <4.0 <4.0 26.6 :1: 9.8 154.2 :!: 6.5 147.0 :1: 3.0 
Rad itm· 226 <1.0 <1.0 <1.0 189.0:!: 53.1 50.1 :1: 14.9 
Thoriun-230 1.8 :1: 0.4 1. 7 :!: 0.4 11.0 :1: 1.0 21200.0 :!: 100.0 840.0 :1: 80.0 
Thoriun-232 <1.0 <1.0 <1.0 <2.0 <7.0 

•sampling locations are shown in Figure 2-11. 

~etals concentrations are reported in mg/kg; radionuclide concentrations are in pCi/g. 

<sample detection limit. 
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Table 4·47 
Concentrations of Metals and Radioru:lides in Soil in the Western Portion of Ashland 2 

Analyteb 

A l Lll1 i nLill 
Antimony 
Arsenic 
BariLill 

Beryll iLill 
Boron 
Cadmium 

Calcium 

ChromiLill 
Cobalt 
Copper 
Iron 

Lead 
Magnesium 
Manganese 
Mol ybdenLill 

Nickel 
Potessil.lll 
SeleniLill 
Silver 

SodiLill 
Thalli Lll1 

VanadiLill 
Zinc 

Uranil..lll-238 
RediLII1·226 

Thorium-230 
Thorium·232 

B32R08 
0·2 

CTopsoi l 
0·0.5 ft Fill: 

Clay 0.5·8 ft 
mod. brown) 

23,300 
6.9· 

17.2( 

167 

2.7 
21.4 
7 

55,600 

28.8 
16.2 

311 
21,900 . 

129 
14,000 

1,680 
17.2' 

35.9 
1,810 

143 
5 

1, 780 
26.1 

231 
295 

182.5 :1: 19.4 

60.1 ::1: 17.4 
520 ::1: 50.0 

<2.0 

Sampling Location and bepth Cft> 
B32R08 B32R12 
2·6 0·2 

CAs before but (Fill: Silty 
with black sand with 

tarry material fly ash and 
4.4-60) slag to 8.7 ft) 

18,400 14,100 
6.8· 8.1• 

16.9( 20.2( 

185 144 

3.1 1.1 
28.8 20.2( 

5.2 1( 

87,800 48,400 
15.6 21.5 
8.4· 10.1( 

62.1 117 
12,200 26,400 

55.7 33.3 
17,100 13,800 
1,470 492 

16.9( 20.2( 

16.5 28.5 
1,430 1,850 

80.2 82.8 
2.1 2.7 

844' 1 ,010( 

17.2 68.1 
52.3 29.2 

110 82.3 

150 :1: .4.0. <3.0 
59.01 ::1: 2.4 1.5 ::1: 0.2 

NAd NA 
4.1 :1: 0.9 1.3 ::1: 0.2 

'Sampling locations are shown in Figure 2-11. 

B32R12 
2-6 

CAs before with 
tar and oil 
saturation 
4·5.7 ft) 

5,410 
6.3· 

15f 
126 

0.79· 

26.1 

0.87 
5,420 

15.6 
7.9· 

12.4 
33,400 

20.2 
1,020 

86.1 

15.7" 

14.7 
781" 
103 

4.5 

787" 

75.7 
11.2 

28.4 

4.1 :1: 3.6 
2.3 ::1: 0.6 

NA 

2 ::1: 0.4 

B32R17 
0·2 

(Fill: Clay, mod. 
brown, with 
fly ash, slag) 

12,600 
6.8· 

17 _,. 

99 

0.97 
17 _,. 

0.94 
64,500 

21 
8.5• 

40.1 
22,000 

41.8 
16,400 

554 
17.1( 

24.5 

1,930 

148 
3.9 

853( 

47.1 
33.6 

101 

29.1 ::1: 2.8 

2.9 ::1: 0.5 

NA 

2.6 ::1: 0.5 

~etals concentrations ere reported in mg/kg; radionuclide concentrations ere in pCi/g. 

•sample detection limit. 

dNA · not analyzed. 
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Table 4-48 
Concentrations of Metals and Radionuclides in Soil in the Eastern Portion of Ashland 2 

SamRling Location' and Deeth ~ft~ 
B32R11 B32R11 B32R11 B32R14 B32R14 
0-2 2-6 6-8 0-2 2-6 

(Topsoil 0-0.2 ft (FILL: Clay 
Fill: Clay (As before, Mod. brown (As before, 

0.5-8.0 ft mod. trace of with slag 

Analyteb 
brown trace organic and crushed noted but 

slag) (As before) debris) gravel) gravel) 

Aluminum 24,400 21,400 23,600 17,100 15,200 
Antimony 10 .1< 8c 7.8c 8. 7< 9.2c 
Arsenic 25.2c 20< 19.6c 21.6c 23.1c 
Barium 124 108 123 142 125 
Beryllium 3.4 2 3.1 1.6 1.2c 
Boron 25 .2< 20< 19.6c 21.6c 23.1c 
Cadmium 28.3 19.1 12.4 1.1c 1.2c 
Calcium 42,500 25,600 39,800 115,000 29,100 
Chromium 57.1 42.2 59.2 26.9 24.9 
Cobalt 40.8 22.5 34.8 10.8c 11.5c 

t Copper 889 564 770 26.1 20.4 
f-1 I ron 28,100 26,900 32,500 21,700 . 25,300 
1.0 Lead 331 200 271 63.4 63.5 
-...J Magnesium 15,500 9,830 14,900 16,300 11,200 

Manganese 1,260 738 1,230 1,000 512 
Molybdenum 25.2c 20< 19.6c 21.6c 23.1c 
Nickel 86.4 50.3 73.1 23.2 22.5 
Potassium 1,600 1,810 1,900 2,160 2,480 
Selenium 25.2c 20< 197 161 170 
Silver 6.7 5.7 28 3.4 4.5 
Sodium 2,470 1,440 2,010 1 ,o8oc 1, 150c 
Thallium 25.2c 20< 60.8 49.1 54.7 
Vanadium 420 200 367 27.4 25.4 
Zinc 726 344 620 95.8 81.3 

Uranium-238 55.7 :t 9.7 141.5 :t 15.7 110.9 :t 8.3 <5.0 4.8 :t 4.0 
Radium-226 18.5 :t 4.6 44.1 :t 12.4 24.7 :t 6.8 1.7:t 1.6 2.3 :t 1.0 
Thorium-230 NAd NA 409.9 :t 10.0 1.6 :t 0.7 1.9 :t 0.8 
Thorium-232 <1.0 <2.0 <1.0 1.3. :t 0.8 1.5 :t 0.3 

•sampling locations are shown in Figure 2~11. 

bMetals concentrations are in mg/kg; radionuclide concentrations are in pCi/g. 

<sample detection limit. 

dNot analyzed. 

B32R16 
0-2 

C Fill: clay 
with roots, 

no slag 
slag, 
gravel) 

17300 
6c 

15< 
125 

1.2 
15c 

0. 75< 
47,100 

29.8 
12.4 
19.4 

23,400 
61.3 

14,600 
608 

17.2 
37.7 

2,490 
75.4 
2.4 

750c 
57.3 
37.8 

136 

<8 
2.0 :t 0.7 

NA 
<2.0 

B32R16 B32R16 
2-6 6-10 

(Clay: Gray 
glass, brown, sooty 

spheres, 
(As before) moist silt) 

15,500 132,000 
6.8c 139 

16.9c 17 .8c 
116 42.9 
. 1.4 1.4 
16.9c 17 .8c 
0.84c 4.4 

83,900 22,500 
20.1 1.8c 
8.5 30.5 

20.5 26.8 
21,300 9,990 

54.9 316 
19,200 4,810 

853 290 
16.9c 27,200 
26.8 11,100 

1, 780 892 
65.5 17 .8c 

2.3 1.8c 
845c 892 

51.3 17 .8c 
26.2 50.7 

105 134 

<4 <3 
1.3 :t 0.4 1 .1 :t 0.3 

NA NA 
<1.0 <1.0 



Table 4·49 

Concentrations of Metals and Radionuclides in Soil at Ashland 2 South, 
Background Locations 

Sam~ling Location• and De~th ~ft} 

Analyteb 
B55G30 B55G31 B55G31 B55G34 B55G34 B55G39 B55G39 B55G45 B55G45 
0·2 0-2 2·6 0·2 2·6 0·2 2·6 0·2 2-6 

Aluminum 13,500 18,600 14,700 11,100 9,280 18,400 11,700 16,600 11,900 
Antimony 9.3' 6.9' 8.1' 9.4' 8.6 10. 7 .4' 7.6' 6.6' 
Arsenic 23.2' 17 .3' 20 .3• 23.4' 20.9' 25 .1' 18.5• 19( 16.5( 
Barium 133 139 111 85.9 104 165 105 80.2 92.2 
Beryllium 1. 2• 1.2 1( 1.2· 1( 1.4 0.93( 0.95( 0.83° 
Boron 23.2( 17 .3· 20.3( 23.4( 20.9( 25 .1· 18.5( 19° 16.5( 
Cadmium 1.2· 0.87° ,. 1.2· ,. 1.3( 0.93° 0.95( 0.83° 
Calcium 411000 14,300 59,400 1,490 601300 3,640 44,900 4,760 66,100 
Chromium 21 27.4 25.2 17.7 17.9 24 19.2 23.7 17.2 
Cobalt 11.6. 11.3 10 .1· 11. 7" 10.5• 12.5( 9.3 9.5· 8.3· 
Copper 19.1 16.9 15 15.1 21.4 25.8 15.1 14 17.4 
Iron 251200 28,700 231100 201400 161400 31,500 25,900 231700 18,400 
Lead 30.6 39.8 33.9 46.8 33.9 47.2 25.4 48.4 24.1 
Magnesium 121600 8,180 171100 31020 171100 3,760 13,000 23,700 13,400 
Manganese 1,060 611 398 707 398 224 576 266 460 

.to. Molybdenum 23.2° 17.3· 20.3( 23.4( 20.9( 25.1( 18. 5• 19. 16.5( 
I ..... Nickel 25.7 29 18.4 22.6 21.1 27.7 22 18.2 18 

\.0 Potassium 1, 910 2,570 2,710 11 170C 1, o5o' 1, 250' 1,490 1,280 1,200 
CD Selenium 174 186 158 130 96.4 192 156 143 107 

Silver 4.4 5.3 4.1 3.2' 2.1' 2.s• 2.3' 1.9· 2.5• 
Sodium 1, 160. 866' 1, 01 o• 1 1 170( 1, o5o' 1 ,250• 927' 948. 826' 
Thallium 47.5 55.5 48.4 34.3 35 68.3 34.3 46.1 43.7 
Vanadium 23.4 26.7 22.6 31.8 24.2 23.7 31.8 27 19.5 
Zinc 80.9 99 86.3 66.7 66.2 100 66.7 102 66.1 

Uranium·238 <2.0 3.3 :1: 2.5 NAd NA NA <4.0 2.3 :1: 2.1 <3.0 NA 
Radium·226 1.0 :1: 0.1 1.3 :1: 0.3 NA NA NA 1.2 :1: 0.1 . 1.1 :1: 0.5 1.0 :1: 0.3 NA 
Thorfum-232 1.7 :1: 0.6 1.6 :t 0.7 NA NA NA 1.3 :t 0.6 1.1 :t 0.3 1.0 :1: 0.2 NA 

•sampling locations are shown in Figure 4·15. 

bMetals concentrations are reported in mg/kg; radionuclide concentrations are in pCi/g. 

'sample detection limit. 

~NA · not analyzed. 



Table 4-50 
Concentrations of Metals and Radionuclides in Soil at Ashland 2 South 

SamQling Location' and DeQth ~ftl 

Analyteb 
B55G36 B55G36 B55G41 B55G41 B55G43 B55G43 B55G44 B55G44 
0·2 2·6 0·2 2·6 0·2 2·6 0·2 2·6 

Aluminum 231500 131000 241200 11250 191 100 151400 151900 141200 
Antimony 8.9 7.0 7.4 6.6 8.3 11.1 6.5 7.7 
Arsenic 22.3 17.6 18.5 16.4 20.8 27.7 16.2 19.1 
Barium 142 101 21 147 106 131 83.9 104 
Beryllium 1.3 0.88 1.1 0.82 1.1 1.4 0.81 0.96 
Boron 22.3 17.6 18.5 16.4 20.8 27.7 16.2 19.1 
Cadmium 1.1 0.88 0.9 0.82 1.0 1.4 0.96 0.96 
Calcium 81020 601600 11920 451600 21030 1181000 4,450 501000 
Chromium 32.4 19.8 27.9 18.8 24.5 24.1 25.1 22.4 
Cobalt 12.8 8.8 9.3 8.2 10.4 13.8 8.7 9.6 
Copper 15.6 16.1 7.9 17.1 10.0 27.5 11.7 17.3 
Iron 361600 201100 371200 . 191500 271100 291000 251500 221800 
Lead 52.8 25.9 48.8 25.2 36.0 35.6 46.0 31.5 
Magnesium 71720 141800 31500 161000 51110 371100 411500 151800 
Manganese 924 464 420 377 313 823 455 512 

.b Mercury NAt NA NA NA NA 0.15 NA NA 
I Molybdenum 22.3 17.6 16.4 16.4 20.8 27.7 16.2 19.1 

f-J Nickel 24.5 17.0 15.3 26.7 21.2 28.5 22.9 24.6 
\D Potassium 11690 21480 11750 11510 1,340 11890 1,240 2,070 
1.0 

Selenium 215 111 223 120 147 189 158 133 
Silver 2.2 1.8 1.9 1.6 2.1 2.8 1.6 1.9 
Sodium 11110 878 926 820 1,040 1,380 811 956 
Thallium 66.6 49.0 71.5 45.1 52.8 72.5 53.7 53.7 
Vanadium 35.6 23.2 27.5 20.2 24.4 31.6 27.1 23.9 
Zinc 129 77.8 108 75.7 102 113 90.2 75.7 

Uranium-238 <3.0 NA <4.0 NA <3.0 NA <3.0 NA 
Radium-226 1.2 :1: 0.3 NA 1.2:!: 0.4 NA 1.0 :1: 0.3 NA 1.2 :1: 0.1 NA 
Thorium-232 1.2 :1: 0.3 NA 1.3 :1: 0.6 NA <1.0 NA 1.0:!: 0.1 NA 

'sampling locations are shown in Figure 4·15. 

bMetals concentrations are reported in mg/kg; radionuclide concentrations are in pCi/g. 

eNA - not analyzed. 



Table 4-51 
First-Phase sampling Results for surface water 

in Rattlesnake and 'l'Womile creeks 

Sampling 
Location8 

· AS-6 
(Upstream) AS-5 AS-4 

Radionuclides (pCi/L) 

Uranium-238 
Radium-226 
Thorium-232 
Thorium-230 

NAb 
NA 
NA 
NA 

4.0 
1.6 

NA 
<1.0 

8 Sampling locations are shown in Figure 2-17 .. 

~A - not analyzed. 

503_0064 (12/28/92) 4-200 

NA 
NA 
NA 
NA 



Table 4-52 

First-Phase sampling Results for Sediments 
in Rattlesnake and Twomile creeks 

Sampling 
Location a 

· AS-6 
(Upstream} 

Radionuclides (pCi/g) 

Uranium-238 
Radium-226 
Thorium-232 
Thorium-230 

0.2 
L4 
NAb 
Ll 

AS-5 

2.5 
1.4 
NA 
1.0 

8 Sampling locations are shown in Figure 2-17. 

bNA - not analyzed. 

503_0064 (12/28/92) 4-201 

AS-4 

2.2 
1.2 
NA 
1.2 



Table 4-53 

First-Phase ~ampling Results for surface 

Water at Ashland 2 (Rattlesnake creek) 

Page 1 of 2 

Analyte 
SP-3 

(Upstream) 

Radionuclides (pCi/L) 

Uranium-238 
Radium-226 
Thorium-232 
Thorium-230 

Metals (ppb) 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

NAb 
NA 
NA 
NA 

463 
40. oc 

100c 
266 

5. oc 
11,900 

5. oc 
117,000 

10. oc 
soc 
25. oc 

2,690 
100c 

62,600 
454 

100c 
68.9 

45,600 
100c 

10. oc 
231,000 

100c 
soc 
69.5 

Indicator Parameters 

Chloride (mgjL) 
Nitrated (mg/L) 
Oil & grease 

gravimetric (mg/L) 

503_0064 (12/28/92) 

394 
0 .10c 
6.9 

Sampling Location8 

SP-4 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

4-202 

GS-7 

NA 
NA 
NA 
NA 

866 
40. oc 

100c 
327 

5. oc 
18,300 

5 .oc 
125,000 

10.1 
50. oc 
25. oc 

2,640 
100c 

87,000 
418 

100c 
42.5 

669,000 
100c 

10. oc 
361,000 

100c 
50. oc 
39.2 

463 
0.11 
1. oc 

SP-9 

NA 
NA 
NA 
NA 

697 
40. oc 

100c 
200c 

5. oc 
3,330 

5. oc 
138,000 

10. oc 
50. oc 
25. oc 

1,600 
100c 

47,800 
650 

l00c 
40. oc 

23,700 
100c 

10.,0c 
93,000 

100c 
50. oc 
37.9 

18 
0.10c 
4.7 



Page 2 of 2 

Table 2-53 

(continued) 

Sampling Locationa 

Analyte 
SP-3 

(Upstream) 

vocs (ppb) 

trans-1,2-Dichloroethene 
1,2-Dichloroethane 
Bromodichloromethane 
1,2-Dichloropropane 
Benzene 
Toluene 
Total xylenes 

BNAEs (ppb) 

2,4-Dimethylphenol 
Benzoic acid 
Di-n-butylphthalate 
Pyrene 
Bis(2-ethylhexyl)-

phthalate 

1.9 
3.5 
2.0 
1.3 

10.0 
2.7 

16.0 

12 

SP-4 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

asampling locations are shown in Figure 2-17. 

~A - not analyzed. 

csample detection limit. 

dchemical composition as nitrogen. 

evalue estimated by laboratory. 

503_0064 (12/28/92) 4-203 

GS-7 

1c 
1c 
1c 
1c 
1c 
1c 
1c 

NA 
NA 
NA 
NA 
NA 

SP-9 

1c 
1c 
1c 
1c 
1c 
1c 
1c 



Table 4-54 

First-Phase sampling Results for Sediments at Ashland 2 

(Rattlesnake creek) 

Analyte 
SP-3 

(Upstream) 

Radionuclides (pCi/q) 

Uranium-238 
Radium-226 
Thorium-232 
Thorium-230 

Metals (ppm) 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

2.5 
1.0 
1.3 
1.4 

61120 
9.7 

20. 6b 
119 

1b 
33.5 
lb 

53,300 
63.9 
10. 3b 
60.7 

121700 
76.9 

131400 
11070 

20. 6b 
19.9 

11 030b 
110 

2.1b 
1, 030b 

27.4 
29.1 

143 

Sampling Locationa 

SP-4 

<2.0 
1.0 

<1.0 
1.2 

38,000 
32b 
80.1b 

349 
4b 
80.1b 
4b 

9,850 
58.5 

40b 
110 

601500 
211 

8,300 
11800 

80.1b 
85.5 

4, ooob 
499 

8b 
4 I ooob 

90.8 
149 
438 

GS-7 

4.2 
0.9 

<1.0 
2.6 

10,400 
13. 7b 
34. 2b 

169 
1. 7b 

73.6 
1. 7b 

55,100 
40.8 
17 .1b 
52.1 

181100 
83.4 

131300 
514 

34. 2b 
33.2 

11 710b 
145 

3. 4b 
1, 710b 

37 
49.5 

193 

8 Sampling locations are shown in Figure 2-17. 

hsample detection limit. 

503_0064 (12/28/92} 4-204 

SP-9 

3.0 
<1.0 
<1.0 
1.5 

13,400 
12. 2b 
30.4b 

121 
1.5b 

43.3 
1.5b 

231900 
25.2 
15.2b 
34.1 

22,900 
66 

81620 
663 

30.4b 
67.9 

11810 
194 

3b 
1, 520b 

32.9 
43.3 

146 



'!'able 4-55 

First-Phase Sampling Results for Sediments at Ashland 2 

(Northern Branch of Rattlesnake creek) 

Analyte 
SP-5 

(Upstream) 

Radionuclides (pCi/g) 

Uranium-238 
Radium-226 
Thorium-232 
Thorium-230 

Metals (ppm) 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

3.0 
2.1 
0.8 

36.0 

9,910 
9.8 

23b 
300 

1.2b 
45.2 

1.2b 
71,700 

27.6 
11.5b 
69.3 

21,000 
88.5 

11,500 
710 
23b 
26.2 

1,240 
168 

2. 3b 
1, 150b 

46.9 
41.1 

199 

Sampling Locations 

SP-6 

<2.0 
1.2 

<1.0 
2.8 

16,400 
12b 
30b 
164 

1. 5b 
50.6 
1. 5b 

21,800 
28 
18.2 
48.1 

35,000 
122 

11,200 
1,590 

30b 
37.5 

1, 500b 
303 

3b 
1, 500b 

61.7 
55.8 

152 

SP-8 

2.8 
0.8 
1.0 
1.7 

14,100 
8. 5b 

21. 2b 
87.8 

1.1b 
21. 2b 

1.1b . 
21,800 

16.3 
10. 6b 
24.1 

14,600 
63.3 

4,320 
692 

21. 2b 
29 

1, 060b 
121 

2 .1b 
1, 060b 

33 
47.5 
91.8 

8 Sampling locations are shown in Figure 2-17. 

hsample detection limit. 

503_0064 (12/28/92) 4-205 

SP-9 

3.0 
<1.0 
<1.0 
1.5 

13,400 
12. 2b 
30. 4b 

121 
1.5b 

43.3 
1. 5b 

23,900 
25.2 
15 .2b 
34.1 

22,900 
66 

8,620 
663 

30. 4b 
67.9 

1,810 
194 

3b 
1, 520b 

32.9 
43.3 

146 



Table 4-56 
First-Phase Salpling Results for SediEnts at Ashlin" SOUth 

Samelins Location• 
SP-12 

Analyte (Upstream) SP-13 GS-8 GS-1 GS-2 GS-3 

Radioru:t ides (pCi/g) 

Uranh.rn-238 <2.0 <2.0 <2.0 <2.0 13.2 1.4 
Radiun-226 1.1 1.0 <1.0 0.8 2.0 0.7 
Thoriun-232 1.3 1.1 <1.0 0.9 1.8 1.0 
Thoriun-230 4.1 1.4 0.7 2.7 1.1 1.7 

Metals (ppa) 

Aluninun 13, 10~ 13,800 5,030 17,800 1,590 12,700 b 
Antimony 13 7.6b 22.8b 12. rh 18.6b 7.9b 
Arsenic 21.rh 19b 57.1b 31. rh 4~.5b 19.8 
Bariun 194 165 248 162 93 124 
Berylliun 1.4 0.97 2.9b 1.6b 2.3b 0 ~t Boron 58.1 21.8 b 63.4 31.rh 46.5b 19.8 
cactniun 1.3 0.95 2.9b 1.6b 2.3b 0.99b 
Calciun 12,700 3,030 69,100 24,000 6,480 18,100 
Chromiun 26.2 18.4b 34.7 26.2 19 16.3 
Cobalt 11.2 9.5 28.5b 15.9b 23.2b 10.3 
Copper 49.7 19 56.3 30 11.6b 22 
Iron 20,400 21,200 65,100 28,700 4,980 20,500 
Lead 94.4 51.2 57.1b 56.3 95.3 35.6 
Magnesiun 3,930 3,260 3,950 11,500 2,320b 7,990 
Manganese 1,050 59I 1,740 464 82.9 351 
Molybdenun 21. rh 19 57.1b 31. rh 46.5b 19.8b 
Nickel 31.8 25.1 65.9 35.6 1~.6b 22.5 
Potassiun 1,090 952b 2,850b 1,630 2,320 1,000 
Seleniun 148 177 b 533 239 65.9 15~ 
Silver ~ 2b l-9 ~-rh ~ 2b i 6b 2 
Sodiun 1,090 952 2,850 1,590 2,320 988b 
Thall iun 28.2 38 115 58.3 46.5b 44.8 
Vanadiun 56.9 38.8 36.7 51.5 23.2b 34.2 
Zinc 234 121 223 691 1260 79.4 

•sampl ins locations are shown in Figure 2·17. 

bSample detection limit. 

503_0064 (12/28/92) 4-206 



Table 4-57 

First-Phase Samplinq Results for 

surface water at Ashland 2 

(Northern ~ranch of Rattlesnake creek) 

Page 1 of 2 

Analyte 
SP-5 

(Upstream) 

Radionuclides (pCi/L) 

Uranium-238 
Radium-226 
Thorium-232 
Thorium-230 

Metals (ppb) 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

NAb 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Indicator Parameters 

NA 
NA 

(mg/L) 

Chloride (mg/L) 
Oil & grease 

gravimetric 
pH (pH units) NA 

503_0064 (12/28/92) 

Sampling Location8 

SP-6 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 

4-207 

SP-8 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 

SP-9 

NA 
NA 
NA 
NA 

697 
40.0° 

100° 
200° 

5. 0° 
3,330 

5. 0° 
138,000 

10.0° 
50.0° 
25.0° 

1,600 
100° 

47,800 
650 

100° 
40.0° 

23,700 
100° 

10.0° 
93,000 

100° 
50.0° 
37.9 

138 
4.7 

7.4 
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Table 2-57 

(continued) 

Sampling Location8 

Analyte 
SP-5 

(Upstream) 

BNAEs (/lg/L) 

Di-n-butylphthalate 
Bis(2-ethylhexyl)

phthalate 

NA 
NA 

SP-6 

NA 
NA 

8 Sampling locations are shown in Figure 2-17. 

bNA - not analyzed. 

csample detection limit. 

dValue estimated by laboratory. 

503_0064 (12/28/92) 4-208 

SP-8 SP-9 

NA 
NA 



Table 4-58 
First-Phase Saq)l ing Results for SUrface Yater at 

Ash land 2 South 

Sameling Location• 
SP-1Z 

Analyte (Upstream) SP-13 GS-8 GS-1 GS-Z GS-3 

Radioru:l ides (pCi/L) 

Uranillll-Z38 NAb NA NA NA NA NA 
Radillll-ZZ6 NA NA NA NA NA NA 
Thorillll-23Z NA NA NA NA NA NA 
Thorillll-230 NA NA NA NA NA NA 

Metals (ppb) 

Alllllinllll NA NA 9,870 6ZS Z34 531 
Antimony NA NA 41 40c 40.0( 40.0c 
Arsenic NA NA 100< 100c 100( 100c 
Barillll NA NA ssr zoo< zoo< ZOOc 
Beryll illll NA NA 5 5c 5.0c s .oc 
Boron NA NA 1 ,ZSO 2SO 2S7 181 
Cadmillll NA NA 5c 5' 5.0c 5.0c 
Calcillll NA NA 168,000 33,100 135,000 40,900 
Chromillll NA NA 40.6 10< 10.0< 10.0< 
Cobalt NA NA soc soc so.oc so.oc 
Copper NA NA 99.1 Z6.7 Z5.0c 25.0c 
Iron NA NA 137,000 19,600 558 600 
Lead NA NA 119 100< 100c 100< 
Magnesillll NA NA 47,600 47,000 31,000 10,300 
Manganese NA NA 3,ZZO 3,700 3S7 40.S 
Molybdenllll NA NA 100< 100< 100< 100< 
Nickel NA NA 79.4 40c 40.0c 40.0c 
Potassillll NA NA 19,500 5,oooc 5 ,oooc 5 ,oooc 
Selenillll NA NA 914 100< 100( 100< 
Silver NA NA 17.Z 10c 10.0< 10.0< 
Sodillll NA NA 34.700 6,580 5,380 9,940 
Thallillll NA NA 239 100< 100( 100< 
Vanadillll NA NA 68.8 so< 5o.o< so.o< 
Zinc NA NA 413 1,390 1,060 ZO.Oc 

Indicator Par-ters 

Chloride (mg!LJ NA NA 17.9 3.7 5.3 1Z.9 
Nitrate (mg/L) NA NA 0.13 0.10< 0.10< 0.10< 
Oil & grease NA NA 1.0< 1.0< 1.0c 1 .oc 

gravimetric (mg/L) 
pH <pH units) NA NA 7.4 6.8 7.3 8.0 
Sulfate (mg/L) NA NA 40.4 708 368 64.6 

VOCs (ppb) 

Toluene NA NA 10c 3.4 1c 1.0 

BNAEs (ppb) 

Phenol NA NA NA 11 10c 10c 
4-Methylphenol NA NA NA 35 10c 10c 
Di-n-butylphthalate NA NA NA Z.31 1.7" 1 .1 8 

Bis(Z-ethylhexyl)- NA NA NA 3" Z.3· 1.1· 
phthalate 

:sampling Locations are shown in Figure 2-17. 
NA - not analyzed. 

<sample detection Limit. 
dChemical composition as nitrogen. 
-value estimated by Laboratory. 

503_0064 (12/28/92) 4-209 



Table 4-59 
second-Phase sampling Results for 

surface water at Ashland 2 

Page 1 of 2 

Sampling 
Location8 

Radionuclides (pCi/L) 

Uranium-238 
Radium-226 
Thorium-232 
Thorium-230 

Metals (ppb) 

Silver 
Aluminum 
Arsenic 
Boron 
Barium 
Beryllium 
Calcium 
Cadmium 
Cobalt 
Chromium 
Copper 
Iron 
Mercury 
Potassium 
Magnesium 
Manganese 
Molybdenum 
Sodium 
Nickel 
Lead 
Antimony 
Selenium 
Thallium 
Vanadium 
Zinc 

Indicator Parameters 

TOX (ppb) 
TOC (ppm) 

503_0064 (12/28/92) 

112 
(Upstream) 

19 ± 2 
0.1 
0.3 

± 2 

3.3 ± 
1.4 ± 

13 

lOb 
28,300 

soob 
6,110 

388 
sb 

222,000 
sb 

sob 
59.9 

151 
48,300 

0.5 
19,100 
73,800 
1,720 

100b 
90,300 

57.9 
170 
60b 

100b 
soob 

71.3 
614 

110 
18.8 

4-210 

114 

120 ± 10 
0.4 ± 0.1 

<0.1 
0.3 ± 0.1 

lOb 
890 

soob 
2,840 

200b 
5b 

12S,OOO 
5b 

sob 
lOb 
25b 

2, 8.80 
o. 2b 

10,000 
S6,100 
1,640 

192 
86,200 

40b 
gob 
60b 

lOOb 
soob 

sob 
42 

320 
18.6 



'l'able 4-59 

(continued) 

Page 2 of 2 

Sampling 112 
Location a (Upstream) 

vocs (ppb) 

Methylene Chloride 18 
Acetone 38 
2-Butanone lOb 
Benzene sb 
Toluene sb 
Ethylbenzene sb 
Xylene (total) sb 
1,2-Dichloroethene sb 

BNAEs (ppb) 

Phenol lOb 
2-Methylphenol lOb 
4-Methylphenol lOb 
2,4-Dimethylphenol lOb 
2-Methylnaphthalene lOb 
Pentachlorophenol sob 
Bis(2-ethylhexyl) lOb 

phthalate 

8 Sampling locations are shown in Figure 2-19. 

bsample detection limit. 

cvalue estimated by laboratory. 
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114 

20 
42 
29 
sb 
sb 
sb 
sb 
sb 

lOb 
lOb 
lOb 
lOb 
lOb 
sob 
lOb 



Table 4-60 
second-Phase sampling Results 

for Sediments at Ashland 2 

Sampling 
Location• 

Radionuolides (pCi/g) 

Uranium-238 
Radium-226 
Thorium-232 
Thorium-230 

112 
(Upstream) 

8.1 
3.3 
1.2 

12 

± 5.1 
± 0.6 
± 0.6 
± 2 

114 

19 ± 8 
0.6 
1 
0.7 

1.9 ± 
1.9 ± 
1.8 ± 

•sampling locations are shown in Figure 2-19. 
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Table 4-61 
First-Phase Saqlling Results for Offsite SUrface Water near Ashland 1, 

Ash land 2, and Seaway 

Sa~l ing AS-3 
locati on• (Upstream) AS-2 AS-1 SP-10 SP-11 SP-7 

Radionucl ides (pCi/l) 

Uranium-238 <2.0 1.7 <2.0 NAb NA NA 
Radiun-226 0.6 0.3 0.5 NA NA NA 
Thorium-232 NA NA NA NA NA NA 
Thorium-230 <0.1 <0.1 <0.1 NA NA NA 

Metals (ppb) 

Aluninun NA NA NA 1,190 200' 455 
Antimony NA NA NA 40' 40' 43.8 
Arsenic NA NA NA 100' 100' 100' 
Bariun NA NA NA 200' 200' 200' 
Beryllium NA NA NA 5.0' 5.0' 5.0' 
Boron NA NA NA 608 110 . 100' 
Cadmium NA NA NA 5.0' 5.0' 5.0' 
Calcium NA NA NA 180,000 35,600 35,600 
Chromiun NA NA NA 16.2 10.0' 10.0' 
Cobalt NA NA NA 50.0' 50' 50.0' 
Copper NA NA NA 33.7 25.0' 25.0' 
Iron NA NA NA 5,010 101 456 
Lead NA NA NA 100' 100' 100' 
Magnesium NA NA NA 51,200 8,290 7,930 
Manganese NA NA NA 493 15.0' 48.3 
Molybdenun NA NA NA 100' 100' 100' 
Nickel NA NA NA 40.0' 40' 40.0' 
Potassium NA NA NA 11,000 5,000' 5 ,000' 
Seleniun NA NA NA 100' 100' 100' 
Silver NA NA NA 10.0' 10.0' 10.0' 
Sodiun NA NA NA 222,000 13,900 11,900 
Thall iun NA NA NA 100' 100' 100' 
Vanadiun NA NA NA 50.0' 50.0' 50.0' 
Zinc NA NA NA 271 20.0' 39.1 

Indicator Parameters 

Chloride (mg/L) NA NA NA 458 22.3 22.5 
Nitrate, as N (mg/l) NA NA NA 1.1 0.16 0.12 
Oil & grease NA NA NA 14.8 2.5 1.3 

gravimetric (mg/l) 
pH (pH units) NA NA NA 7.5 8.4 7.6 
Sulfate (mg/L) NA NA NA 478 5.5 30.0 

VOCs (ppb) 

Chloroform NA NA NA 1' 1' 4.6 
Bromodichloromethane NA NA NA 1' 1' 2.7 
trans-1 ,3-Di- NA NA NA 2.9 1' 1' 

chloropropene 

BNAEs (ppb) 

Bis(2-ethylhexyl) NA NA NA 8d 3d 2• 
phthalate 

"sampling locations are shown in Figures 2-17 and 2-18. 
bNA - not analyzed. 
'sample detection Limit. 
dDetected in blank. 
"value estimated by laboratory. 
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Table 4-62 

First-Phase Sampling Results for Offsite Sedi~ts at the Tonawanda Site 

Sarrpl ing AS-3 
Location• (Upstream) AS-2 AS-1 SP-10 SP-11 SP-7 

Radioru:l ides (pCi/g) 

Uranil.lll-238 1.0 1.0 0.8 2.0 <2.0 <2.0 
Radiun-226 t-1 0.9 1.3 0.6 0.6 1.3 
Thoril.lll-232 NA NA NA 1.9 0.9 1.3 
Thoril.lll-230 0.6 0.8 1.2 1.9 0.9 11.0 

Metals (ppn) 

Alunim.111 NA NA NA 6,700 5,070 8,480 
Antimony NA NA NA 8.9 12.9 22.1 
Arsenic NA NA NA 21.9c 25. ,c 20.3c 
Bariun NA NA NA 96.1 91.4 98 
Beryll i1.111 NA NA NA 1.1< 1.3c 1c 
Boron NA NA NA 27 27.3 28.9 
Cacini1.111 NA NA NA 1.1 4.4 1c 
Calci1.111 NA NA NA 136,000 40,600 55,800 
Chromiun NA NA NA 14.6 94.1 21.9 
Cobalt NA NA NA 11< 12.5c 10.1< 
Copper NA NA NA 36.1 37 124 
Iron NA NA NA 17,300 10,400 18,800 
Lead NA NA NA 52.9 87.9 88.2 
Magnesi1.111 NA NA NA 63,600 11,900 20,200 
Manganese NA NA NA 1340 461 588 
Molybdenun NA NA NA 21.9c 25.1c 20.3c 
Nickel NA NA NA 14.9 29.9 45.7 
Po tass il.rn NA NA NA 1, 100< 1,250c 1,340 
Seleniun NA NA NA 144 107 75.7 
Silver NA NA NA 2.2< 2.5c 2c 
Sodiun NA NA NA 11 100< 1 ,250c 1 ,010< 
Thalliun NA NA NA 52.3 27.6 59 
Vanadiun NA NA NA 25.9 12.7 25.6 
Zinc NA NA NA 180 241 147 

•sarrpl ing locations are shown in Figures 2-17 and 2-18. 

bNA - not analyzed. 

<sample detection limit. 
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Table 4-63 
second-Phase sampling Results for Offsite 

surface Water and Sediments 

Sampling 116 
Location a Surface Water 

Radionuclides (pCi/L) 

Uranium-238 0.4 
Radium-226 0.2 
Thorium-232 <0.1 
Thorium-230 0.4 

Metals (ppb) 

Aluminum NAb 
Antimony NA 
Arsenic NA 

·Barium NA 
Beryllium NA 
Boron NA 
Cadmium NA 
Calcium NA 
Chromium NA 
Cobalt NA 
Copper NA 
Iron NA 
Mercury NA 
Lead NA 
Magnesium NA 
Manganese NA 
Molybdenum NA 
Nickel NA 
Potassium NA 
Selenium NA 
Silver NA 
Sodium NA 
Thallium NA 
Vanadium NA 
Zinc NA 

Indicator Parameters 

TOX (ppb) 
TOC (ppm) 

vocs (ppb) 

360 
3.1 

Methylene chloride 18 
Acetone 34 

± 0.1 
± 0.1 

± 0.2 

116 
Sediment 

(pCi/g) 

<3.7 
0.9 ± 0.4 
1.1 ± 0.3 
0.6 ± 0.5 

(ppm) 

1,440 
60c 

500c 
200 

5c 
100c 

5c 
37,000 

10c. 
50c 
25c 

2,680 
0 .2c 

90c 
9,380 

83.7 
100c 

40c 
5' oooc 

100c 
10c 

26,200 
500c 

50c 
27.5 

NA 
NA 

NA 
NA 

8 Sampling locations are shown in Figure 2-19. 
bNA - not analyzed. 
csample detection limit. 
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Table 4-64 

Quarterly Radiological Results for Groundwater at Linde: 1989 

Well Numberb 
Gross Alpha Gross Beta Uranium·234 Uranium·235 Uranium·238 Thorium·230 Radium-226 

and Sampling Date 
sd o• D s D s D s D s D s D s 

B29W01D 
May 1989 <11 <2 700 <2 1.4 0.3 <0.1 <0.1 1.2 0.2 0.5 0.4 4.0 1.5 
August 1989 < 7 • 140 0.2 0.2 <0.1 <0.1 0.1 0.2 0.5 <0.4 o.5' 
October 1989 <24' 330' 0.5 0.3 <0.1 <0.1 0.6 0.3 0.6 <0.3 

B29W03D 
May 1989 11 <2 46 <2 0.6 0.6 <0.1 <0.1 0.6 0.5 <0.2 <0.1 1 • 1 0.5 
August 1989 5 22 0.4 0.3 <0 .1 <0.1 0.3 0.3 <0.1 <0.3 1 .1' 
October 1989 < 4' 49 0.3 0.2 <0.1 <0.1 0.2 0.4 <0.1 <0.3 1.4' 

B29W0509 

May 1989 < 6 310 0.4 0.1 <0.1 <0.1 0.4 0.1 <0.1 0.8 1.3 
August 1989 7 <3 320 <2 <0.1 1.0 <0.1 <0.1 0.2 0.2 0.1 0.1 0.9, 1.3 
October 1989 <20' 230 0.1 <0.2 <0.1 <0.1 0.1 0.5 0.2 0.7 1.9 

~ B29W07D 
I May 1989 < 5 2 250 2 1.0 <0.1 <0.1 <0.1 <0.1 0.2 0.1 <0.1 0.7 1.2 1\) 

..... August 1989 < 7 270 0.9 <0.2 <0.1 <0.1 0.3 <0.2 <0.1 <0.2 0.6' 
0'1 October 1989 <13' 230' 0.2 <0.2 <0.1 <0.1' 0.2 <0 .1 <0.2 <0.1 1.9' 

B29W09D 
May 1989 13 <2 290 2 1.3 0.8 <0.1 <0.1 <0.1 0.8 <0.1 0.2 6.1 0.6 
August 1989 17, 270 0.5 0.2 <0.1 <0.1 0.3 0.2 0.1 <0.2 7.4' 
October 1989 32 25o' 0.6 0.7 <0.1 <0.2 0.6 0.8 <0.3 <0.6 a' 

B29W10D 
May 1989 17 <2 130 2 1 • 1 0.2 <0.2 <0.1 1.2 0.3 <0.1 <0.1 0.8 1.0 
August 1989 < 8 200 0.7 0.2 <0.1 <0.1 0.5 0.2 <0.1 <0.3 0.4' 
October 1989 < a' 170' 0.8 <0.2 <0.1 <0.1 0.5 <0.1 <0.1 <0.4 1.2' 

B29W11D 
May 1989 22 <2 100 <2 4.5 0.2 0.2 <0.1 4.6 0.2 0.8 0.3 1.7 0.6 
August 1989 < 5 75 0.4 0.3 <0.1 <0.1 0.5 0.5 <0.1 <0.4 o.a' 
October 1989 9' 91' 0.3 0.2 <0.1 <0.1 0.3 0.3 0.7 0.5 1.5' 

829130 
May 1989 < 9 4 360 7 0.3 0.1 <0 .1 . <0 .1 0.5 0.4 0.2 0 1.7 4.7 
August 1989 < 5 180 0.2 <0.2 <0.1 <0 .1 0.2 <0.2 <0.1 <0.1 0.3' 
October 1989 <12' 130' 0.3 0.2 <0.1 <0.1 0.4 0.4 0.4 <0.3 1.4' 

•concentrations are given In pCi/L. 
bsampling locations are shown in Figure 2·20. 
•o · dissolved. 
ds · suspended. 
'(·) = r ' ~etected. 
'Total es both suspended and dissolved. 
9Backgrt ,~ell. 



Table~ 

Quarterly Radiological Results for Groundwater at Iinde", 1990 

Pa 1 of2 

Well Numberb U-234 U-235 U-238 Th-228 Th-230 Th-232 Gross Gross Ra-226 K-40 
and Sampling DC gd D s D s D s D s D s Alpha Beta 
Date 

B29W01D 

Jan 1990 NC" NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 
Apr 1990 0.1 <15 <0.1 <1 0.1 <22 <0.1 0.4 0.3 <0.2 <0.1 0.4 <5 32 1 25 
Aug 1990 0.5 0.1 <0.1 <0.1 0.3 0.1 <0.1 <0.1 <0.2 <0.1 <0.1 <0.1 4 45 0.9 37 
Oct 1990 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 3 35 0.4 61 

B29W03D 

Jan 1990 0.4 1 <0.1 <0.1 1.2 0.5 <0.1 0.2 0.1 0.1 <0.1 0.2 <5 5 0.3 3 
Apr 1990 0.2 <0.3 <0.1 <0.2 0.1 <0.3 <0.8 <0.2 0.6 <0.1 <0.8 <0.2 <5 12 0.2 7 
Aug 1990 0.3 0.3 <0.1 0.2 0.3 0.2 <0.8 0.3 <0.5 0.1 <0.8 0.3 3 7 0.4 29 
Oct 199!f 

B29W05D 

Jan 1990 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 
.:.. Apr 1990 0.1 0.9 <0.1 <0.6 <0.1 <0.6 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 7 13 2.4 13 I 
1\.) Aug 1990 0.4 0.8 <0.1 0.1 0.2 0.6 <0.1 0.6 0.1 0.3 <0.1 0.6 16 22 2.9 21 ,_. 

Oct 1990 <0.1 0.2 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <7 31 3.1 32 
-.J 

B29W07D 

Jan 1990 0.2 0.2 <0.1 <0.1 0.9 0.2 <0.1 0.1 <0.1 0.2 <0.1 0.1 <12 44 1 22 
Apr 1990 0.1 <0.3 <0.1 <0.2 0.1 <0.3 <0.1 <0.2 <0.1 0.3 <0.1 <0.2 14 55 2.1 76 
Aug 1990 0.4 0.8 <0.1 0.2 0.2 0.5 <0.1 0.7 <0.1 0.4 <0.1 0.7 19 n 2.8 84 
Oct 1990 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <6 63 3.2 105 

B29W09D 

Jan 1990 <0.1 0.2 <0.1 <0.1 <0.1 0.3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <11 170 8.8 260 
Apr 1990 0.2 <0.2 <0.1 <0.2 0.2 <0.2 <·0.7 <0.2 <0.4 <0.2 <0.7 <0.2 <13 71 7.2 170 
Aug 1990 0.4 0.4 <0.1 0.1 0.5 0.3 <0.1 0.7 0.2 2.8 <0.1 0.7 17 54 6.7 95 
Oct 1990 0.1 <0.1 0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <9 68 6.7 85 

B29W10D 

Jan 1990 1.2 0.3 <0.1 <0.1 1.1 0.2 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <7 100 0.3 120 

Apr 1990 0.9 <0.7 <0.1 <0.7 1 <0.8 <0.1 <0.2 <0.1 0.2 <0.1 <0.2 <5 150 0.7 160 

Aug 1990 1.3 0.2 0.1 0.1 1 0.2 <0.1 0.1 <0.3 0.2 <0.1 0.1 <5 120 0.6 160 

Oct 1990 0.1 0.3 <0.1 <0.1 0.1 0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <4 90 <0.1 109 



Table4-6S 

(continued) 

Pa 2 of2 

Well Numberb U-234 U-235 U-238 Th-228 Th-230 Th-232 Gross Gross Ra-226 K-40 
and Sampling oc sa D s D s D s D s D s Alpha Beta 
Date 

B29W11D 

Jan 1990 . 0.1 0.4 <0.1 <0.1 <0.1 0.3 <0.1 0.3 0.1 0.4 <0.1 0.3 4 68 0.9 90 
Apr 1990 0.4 <1 <0.1 <0.5 0.5 <0.9 0.2 <0.1 0.3 0.1 0.2 <0.1 5 81 1.3 90 
Aug 1990 0.7 2.6 <0.4 0.8 0.8 2.4 0.2 2.7 <0.2 3.4 0.2 2.7 20 81 0.8 85 
Oct 1990 <0.1 0.3 <0.1 <0.1 0.1 <0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <3 36 0.8 73 

B29W13D 

Jan 1990 <0.1 0.2 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <6 120 0.4 130 
Apr 1990 <0.1 <0.5 <0.1 <0.5 0.1 <0.4 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <9 110 0.9 130 
Aug 1990 0.2 0.9 <0.1 0.2 0.2 0.5 <0.1 1.4 <0.1 1.7 <0.1 1.4 12 100 0.6 150 
Oct 1990 <0.1 0.3 <0.1 <0.1 <0.1 0.3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <8 69 0.6 97 

"Concentrations are given in pCi/L 

tb hwelllocations are shown in Figure 2-20. 
I 

1\) 

...... co -dissolved . 
CD 

ds - suspended. 

~C - not collected. 

runable to sample. 



Table 4-66 

Quarterly Chemical Results for Groundwater at Linde, 1989 
Pa e 1 of 3 

Well Number" and Sam~ling Date 

B29W01D B29W03D B29W05D 
Parameter Apr 1989 Aug 1989 Oct 1989 Apr 1989 Aug 1989 oct 1989 Apr 1989 Aug 1989 Oct 1989 

Fluoride 0.38 0.6 0.58 0.68 0.59 0.56 0.76 0.49 0.46 
(mg/l) 

0.1b 0 .1b Nitrate 0.061 0.29 0.22 0.24 0 .1b 0.25 0.16 
(mg/l) 

roc 28 12.4 11.3 14.7 14.3 12.1 8.2 8.1 8.2 
(mg/l) 

pH 12.7 12.3 NAC 11.4 11.7 NA 12.5 12.4 NA 
(pH units) 

Specific 
conductivity 141100 91360 101000 11540 11730 21000 81690 91180 91170 
(~tmhos/cm) 

2ob 2ob 2ob 2ob 20b 20b 2ob TOX 47 25 
(#Lg/l) 

""' Metals (flg/L) 
200b 200b I Aluminum 11450 41720 364 504 251 381 238 

~Antimony 60b 60b 60b 60b 60b 60b 60b 60b 60b 
\0 Arsenic 100b 240 100b 100b 100b 100b 100b 100b 100b 

Barium 514 460 200b 200b 243 204 245 625 591 
Beryllium 5b 5b 5b 5b 5b 5b 5b 5b 5b 
Boron 100b 104 NAb . 153 155 NA 356 135b N\ 
Cadmium 5b 5b 5 5b 7.7 5b 5b 5 5 
Calcium 5961000 7161000 s I oood 1061000 1291000 5 I oood 4831000 6531000 5100od 
Chromium 32.2 52 471)5 10b 10b 10b 10b 10b 23b 
Cobalt sob sob 50 sob sob sob sob sob 50 
Copper 38 48.4 50.3 32.2 89.5 37 56 61.2 156 
Iron 1200 41090 204 131 500 100b 118 158b 100b 
Lead 100b 100b 100b 100b 1 oob 100b 100b 100 100b 
Magnesium s looob s I ooob 51000~ 71890 71190 s I ooob s I ooob s I ooob s looob 
Manganese 28.4 73 15 19.4 53 15b 1Sb 15b 15b 
Molybdenum 100b 100b NA 100b 100b NA 100b 100b NA 
Mercury NA NA o.2b NA NA o.2b NA NA o.2b 
Nickel 40b 40b 40b 40b 40b 40b 40b 40b 40b 
Potassium 7001000 3931000 2761000 391200 501000 431800 3671000 3291000 233,000 
Selenium 100b 218 100b 100b 100b 100b 100b 100b 100b 
Silver 10b 10b 10b 10b 10b 10b 10b 10b 10b 
Sodium 4551000 4471000 3281000 1031000 1131000 911000 3801000 2921000 185,000 
Thallium 100b 177 100b 100b 117 100b 100b 100b 100b 
Vanadium sob sob sob sob sob sob sob sob sob 
Zinc 33.9 61 54.3 91.2 11130 20b 20b 20b 27.S 



Table 4-66 

(continued) 
Pa e 2 of 3 

Well Number• and Sam~ling Date 

B29W07D B29W09D B29W10D 
Parameter Apr 1989 Aug 1989 Oct 1989 Apr 1989 Aug 1989 Oct 1989 Apr 1989 Aug 1989 Oct 1989 

Fluoride 0.84 0.67 0.64 0.49 0.47 0.46 2 1.8 1.9 
(mg/l) 

0.1b 0.1b 0.1b 0.1b 0. 1b 0.1b 0. 1b 0.1b Nitrate 0.1" 
(mg/L) 

TOC 7 8.8 9.6 51 212 82.2 4.6 6.4 4.8 
(mg/l) 

pH 12.5 12.3 NA 12.8 12.6 NA 12 2 NA 
(pH units) 

Specific 
conductivity 7,410 8,740 8,760 15,100 12,800 10,100 3,900 3,730 3,800 

(#Lmhos/cm) 
zo" zob zo" TOX 31 54 25 47 38 34 

(119/l) 

f Metals (J.g/L) 
Z42b 346b Z53 32Zb 495 299 zoo" 3Z8 zoo" ">Aluminum 

1\l Antimony 60 60 60" 60 60b 60" 60b . 60" 60" 
0 Arsenic 100" 100" 100b 100" 100b 100b 100b 100b 100" 

Barium 324b 541b 421 1, 790b 2,250 1,920 200b 200b zoo" 
Beryllium 5 5 5" s s" s" sb 5" s" 
Boron 273b 147b NA b 100" 100" NA 146 202 NAb 
Cadmium s s s s" sb sb s" s" s 
Calcium 368,000 S36,000 s,oood 737,000 762,000 s ,oood 171,000 179,000 s,oood 
Chromium 6S.4 47.9 37.Z 3S.3 33.1 2S 10b zo 17b 
Cobalt sob sob sob sob sob sob sob sob 50 
Copper 67.4 114 93 218 317 249 53 80 52 
Iron 130b 190 104 166 278 118 100" 309 100" 
Lead 100b 100" 100" 100" 100b 100" 100b 100b 100" 
Magnesium s,ooo" 5 ,ooo: s,ooo" 5 ,ooo: s ,ooo" s, ooob s,ooob 5 ,ooob s ,ooo" 
Manganese 15 15 15b 15 17.8 15b 15b 16 15" 
Molybdenum 100b 100" NA 100" 100" NA 135 138 NA 
Mercury NA NA 0.~ NA NA 0.2" NA NA 0.2" 
Nickel 40" 40" 40 40" 40b 40" 40b 40b 40" 
Potassium 285,000 325,000 240,000 304,000 286,000 242,000 187,000 206,000 168,000 
Selenium 100" 100" 119b 100" 112 100" 100" 100" 100" 
Silver 10" 10" 10 10" 10" 10" 10" 10" 10" 
Sodium 335,000b 310,000b 229, ooob 737,000 653,000' 451,000 303,000 318,000 248,000 
Thallium 100b 100 100 100" 100b 100b 100b 100" 100" 
Vanadium 50 sob sob so" sob sob sob sob so" 
Zinc 24.3 47.2 27.8 23.1 61 30 ·2ob 61 32 



Table 4-66 

(continued) 

Pa e 3 of 3 

\lell Number• and Sam(;!ling Date 

B291111D B291113D 
Parameter Apr 1989 Aug 1989 Oct 1989 Apr 1989 Aug 1989 Oct 1989 

Fluoride 0.8 0.76 0.77 0.48 0.40 0.34 
(mg/L) 

Nitrate 0.3 0.13 0.17 0.1· 0 .1· 0 .1' 
(mg/L) 

TOC 4 9.8 4 13 5.9 4.9 
(mg/L) 

pH 11.6 11.9 NA 12.7 12.2 NA 
(pH units) 

specHic 
conductivity 11200 1,980 21300 12,600 5,810 5,760 

(ILmhos/cm) 
TOX 24 41 20' 20" 20' 20' 

(ILQ/L) 

A Metals (119/L) 
I Aluminum 200b 686 200b 343 694 281 

1\) 
Antimony 60b 60b 60b 60b 60b 60b 1\) 

~ Arsenic 100b 100b 100b 100b 100b 100b 
Bar fum 200b 228 210 608 476 200b 
Beryllium sb 5b 5b 5b 5b 5b 
Boron 100b 139 NA 100b 100b NA 
Cadmium 5b 5b 5b 5b 5b 5b 
Calcium 401700 114,000 s ,oood 664,000 S25,000 s, ooo: 
Chromium 10b 10b 10b 37 15b 10 
Cobalt sob sob sob sob 50 sob 
Copper 2sb 2Sb 2sb 69.4 42 28 
Iron 100b 400 100b 229 436 100b 
Lead 100b 100b 100b 1 oob 100b 100b 
Magnesium s I ooob s ,ooob s I ooob s I ooob s, ooob s,ooob 
Manganese 1Sb 31 1Sb 15b 21 15b 
Molybdenum 100b 100b NA 100b 100b NA 
Mercury NAb NA 0.2b NA NA o.2b 
Nickel 40 40b 40b 40b 40b 40b 
Potassium 51 ,soob 87,700 79,500 388,000 178,000" 118,000 
Selenium 100b 100b 100b 100b 100b 100b 
Silver 10 10b 1 ob 10b 10b 10b 
Sodium 56,900b 911300 80,500 287,000 177,000 1SO,OOO 
Thallium 100b 100b 100b . 100b 100b 100b 
vanadium sob sob sob sob sob sob 
Zinc 20 222 20b 20b 38 20b 

~: BN I 1992c. 

'llell locations are shown 
bDetection limit. 

in Figure 2·20. 

cNA · not analyzed. 
dAnalyte result invalid; analyte recovery less than 0.01 percent. 



Table4-67 

Quarterly Chemical Results for Groundwater at Linde, 1990 

Pa 1 of 3 

Well Number" 
B29W01D· B29W03D B29W05D 

Parameter 1st Qtr 2nd Qtr 3rd Qtr 1st Qtr 2nd Qtr 3rd Qtr 1st Qtr 2nd Qtr 3rd Qtr 

METALS (ppb) 

Aluminum NCb 676 763 zoo• zoo• 354 NC 966 1,4ZO 
Antimony NC 60" 60c 60c 60° 60° NC 60c 60c 
Arsenic NC too• soo• too• too• soo• NC too• 500• 
Barium NC zoo• 232 zoo• zoo• zoo• NC 599 952 
Beryllium NC s• s• s• s• s• NC s• s• 
Boron NC too• too• too• too• 272 NC too• too• 
Cadmium NC s• s• s• s• s• NC s• s• 
Calcium NC 69,000 84,900 t3,000 2t,OOO S4,300 NC 6t,800 t62,000 
Chromium NC to• to• to• to• to• NC to• 10". 
Cobalt NC so• so• so• so• so• NC so• soc 
Copper NC zs• zs• zs• zsc 71 NC zsc 27.5 
Iron NC too• too• too• too• 2t2 NC too• too• 
Lead NC too• soo• too• too• soo• NC too• soo• ..... 
Magnesium NC s,ooo• s,ooo• s,ooo• s,ooo• s,ooo• NC s,ooo• s,ooo• 

! 
1\) Manganese NC ts• ts• lSC ts• ts• NC tS" 15" 
1\) Molybdenum NC too• too• too• too• too• NC too• too• 
1\) Nickel NC 40c 40c 40" 40° 40c NC 40c 40" 

Potassium NC 27,300 60,700 s,ooo• s,ooo• 8,t30 NC t0,900 22,400 
Selenium NC too• soo• toO" too• soo• NC too• soo• 
Silver NC to• toe to• to• to• NC to• to• 
Sodium NC 26,too so,soo 6,590 7,030 14,200 NC 67,300 92,000 
Thallium NC toO" soo• toO" toO" soo• NC too• soo• 
Vanadium NC so• so• so• so• so• NC so• so• 
Zinc NC lOt 27.9 5t.2 zo• 49.9 NC 2o• 2t.3 

TOX(p.gfL) NC zo• 20" 20b 4S 20• NC 60 82 
TOC(mgfL) NC 2.8 4.3 3.4 3.9 3.2 NC 7.4 4 
Fluoride (mg/L) NC 0.23 0.27 0.18 0.19 0.21 NC 0.17 0.17 
Nitrate (mg/L) NC 0.6 0.62 0.78 0.58 0.38 NC 0.3 O.t6 
pH (pH units) NC 11 11.3 9.5 10.6 11 NC 11.3 11.5 
Specific conductance NC 785 t,t60 6,480 216 697 NC 1,120 2,300 

(p.mhosjcm) 



Table4-67 

(continued) 

Pa 2 of3 
Well Number" 

B29W07D B29W09D B29WlOD 
Parameter 1st Qtr 2nd Qtr 3rd Qtr 1st Qtr -2nd Qtr 3rd Qtr 1st Qtr 2nd Qtr 3rd Qtr 

MEfALS (ppb) 

Aluminum zoo• zoo• zoo• zoo• zoo• zoo• zoo• zoo• 200° 
Antimony 60" 60c 60° 60. 60c 60° 60. 600 60c 
Arsenic too• too• soo• too• 164 soo• too• too• soo• 
Barium 401 754 1,260 2,320 2,320 2,960 zoo• zoo• zoo• 
Beryllium s• s• s• s• s• s• s• s• s• 
Boron too• too• too• too• too• too• 102 130 104 
Cadmium s• s• s• s• s• s• s• s• s• 
Calcium t72,000 224,000 371,000 667,000 S66,000 830,000 2t0,000 s,ooo• tOO,OOO 
Chromium to• to• to• t3.t to• lQC to• t8.3 to• 
Cobalt so• so• so• so• so• so• so• so• so• 
Copper 25c 25c 25c 120 25c 41.3 29.9 25" 25e 
Iron too• too• too• too• too• too• too• too• too• 
Lead too• too• soo• too• too• soo• too• too• soo• 
Magnesium 5,000" 5,000" 5,ooo• 5,ooo• 5,ooo• 5,ooo• 5,ooo• 5,ooo• 5,ooo• 
Manganese t5• 15. 15. 15" t5• t5• t5• t5° 15. 

ob Molybdenum too• too• 100° too• too• too• too• too• too• 
I Nickel 40° 40° 40° 40° 40° 40° 40° 40° 40c 

"' Potassium 40,800 66,300 t05,000 233,000 155,000 t22,000 llS,OOO t87,000 116,000 

"' w Selenium too• too• 5oo• too• too• 5oo• too• too• 500" 
Silver to• to• to• 10" to• to• to• 10° 10" 
Sodium S25,000 147,000 204,000 403,000 328,000 297,000 212,000 54,300 132,000 
Thallium too• too• soo• 100" 124 soo• too• too• SOif 

Vanadium so• so• so• 58.8 59.2 so• so• 75.1 so• 
Zinc 34.9 157 82.2 2o• 20° 32.9 20° 67.5 20" 

TOX (pg/L) 1,500 68 39 120 150 91 100 zo• zoe 
TOC(mg/L) 6.7 7.1 5.6 71.1 46.7 30 4.7 4.5 3.2 
Fluoride (mgfL) 0.18 0.25 0.27 0.42 0.4 0.36 1.8 0.4S 0.49 
Nitrate (mg/L} 0.67 0.17 0.1° 0.1° 0.1° O.t• O.t3 0.58 0.24 
pH (pH units) t2 12.2 11.8 12.6 12.2 12.2 12 11.1 10.6 
Specific conductance 4,800 3,770 S,190 9,410 8,590 10,100 3,270 l,t20 934 

(pmhos/cm) 



Table4-67 

(continued) 

Pa 3 of 3 

Well Numbe~ 
B29W11D B29W13D 

Parameter 1st Qtr 2nd Qtr 3rd Qtr 1st Qtr 2nd Qtr 3rd Qtr 

METALS (ppb) 

Aluminum 200° 200° 200° 200° 200° 200° 
Antimony 6ff 60. 60. 60. 60. 60. 
Arsenic too• too• soo• too• too• soo• 
Barium 200° 250 246 200° 200° 301 
Beryllium s• sc sc s• sc s• 
Boron liXf too• liXf liXf 117 too• 
Cadmium s• s• s• s• s• s• 
Calcium 2t,SOO 141,000 135,000 39t,OOO 311,000 363,000 
Chromium t3.t t9.2 t9.3 to• to• to• 
Cobalt so• so• so• so• so• so• 
Copper 25c 25c 25" 25c 25" 25" 
Iron too• tOif tiXf too• 100" liXf 

.:.. Lead too• too• sooc too• too• soo• 

I Magnesium s,ooo• s,ooo• s,ooo• s,ooo• s,ooo• s,ooo• 
1\) Manganese tSC tSC tSC ts• tSC 15" 
1\) Molybdenum too• too• too• too• too• too• 
.:.. Nickel 40c 40c 40° 40° 40c 40° 

Potassium '79,too 89,400 84,900 t27,000 114,000 1SO,OOO 
Selenium too• too• soo• too• too• soo• 
Silver to• to• to• to• to• to• 
Sodium 86,800 t06,000 108,000 159,000 t22,000 t47,000 
Thallium too• too• soo• too• too• soo• 
Vanadium so• so• so• so• S2.7 so• 
Zinc w• 40.1 41.1 20° 20° 21.1 

TOX (JLgfL) 43 20° 100 20° 20° 48 
TOC(mg/L) 4.7 6.4 S.8 4.4 4.4 3.9 
Fluoride (mgfL) 0.72 0.68 0.7 0.31 0.26 0.28 
Nitrate (mgfL) 0.31 0.25 0.1° 0.1• 0.1° 0.1° 
pH (pH units) 12 11.7 11.6 12.3 11.8 11.9 
Specific conductance 2,4SO 1,260 2,330 S,l40 4,290 4,630 

(JLmhosfcm) 

"Well locations are shown in Figure 2-20. 
"Nc - not collected. 
•oetection limit; concentration is at or below this level. 



Parameter 

Total Metals Cms/L) 

Silver 
Aluninun 
Arsenic 
Boron 
Bariun 
Beryll iun 
Calciun 
caaniun 
Cobalt 
Chromiun 
Copper 
Iron 
Mercury 
Potassiun 
Magnesiun 
Manganese 
Molybdenun 
Sodiun 
Nickel 
Lead 
Antimony 
Seleniun 
Thall iun 
Janadiun 
Zinc 
Uraniun 

Alkalinity (mg/L) 

Bicarbonate (mg/L) 
Chloride (mg/L) 
Fluoride (mg/L) 
Nitrate, as N (mg/L) 

TOC (mg/L) 
TIC (mg/L) 
Sulfate (mg/L) 
TDS (mg/L) 
pH 
Conductance 

(J.mtlos/cm) 
Temperature (•f) 
Charge balance 
Percent error 

Total uraniun (pg/L) 
Uranium-238 (pCi/L) 
Radiun-226 (pCi/L) 
Thorium-230 CpCi/L) 
Thorium-232 (pCi/L) 
Thorium-228 (pCi/L) 

'sample detection limit. 

bNA - analyzed. 

503_0064 (12/28/92) 

Table 4-68 

Calperison of Analytical Results for Linde GI'OU'Idwater 

Verification Sanple with Results for Grotniwater Saq:Jles 

fr011 the Calli llus Shale of the Sal h18 Grcx.p 

Sample Nll!lber (June 1992) 
129-W-0692 129-W-0692 129-90-0292 

(Sediment) (Unfiltered) Filtered camillus-1 

o.o1• 
12.7 
o.o1• 
0.203 
0.380 
o.oo5' 

525.0 
o.oo5' 
o.o5o' 
0.0292 
0.224 

24.400 
0.0002" 

39.5 
n.9 
0.841 
0.273 

2,990.00 
0.0597 
0.0154 
0.0601 

o.oo5' 
o.o1• 
o.om 
0.141 
0.452 

1,610 
1.4 
0.10° 

N/A 
N/A 

5,770 
774 
12.01 

10,000 

44 

452.7:1: 45.8 
145 

1.6 :1: 0.6 
73.1 :1: 16 
43.5 
50.1 

0.01' 
0.31 
0.01 1 

0.123 
0.2" 
o.oo5• 

349.0 
o.oo5• 
o.o5' 
0.01' 
0.0258 

0.541 
0.00021 

30.3 
56.6 
0.0176 
0.308 

3,290.00 
0.04' 
0.0082 
0.06' 
o.oo5• 
0.01' 
o.o5' 
0.0219 
0.010 

200 

2.0" 
1,790 

0.26 
0.201 

1.9 
3.0 

7,540 
13,100 

9.6 
15,400 

44 

12.1 

9.7 :t 1.0 
3.1 
1.3 :t 0.6 

<2.0 
NA 
NA 

4-225 

0.01' NA 
0.2° NA 
0.01' NA 
0.111 NA 
0.22 NA 
o.oo5' NA 

370.0 212 
o.oo5• NA 
o.o5' NA 
0.011 NA 
0.0258 NA 
0.1008 0.08 
0.0002' NA 

32.2 130 
59.5 124 
0.015° 0.22 
0.325 NA 

3,620.00 197 
0.041 NA 
0.0038 NA 
0.06' NA 
o.oo5• NA 
0.01' NA 
o.o5' NA 
0.02' NA 
0.008 NA 

200 NA 

2.0° 500 
1,580 350 

0.26 0.4 
0.86 0.4 

1.9 NA 
o.5o' NA 

7,560 560 
13,200 1,720 

9.6 6.8 
15,400 2,310 

44 54 

6.3 12.5 

7.8 :t 0.8 NA 
2.5 NA 
3.8 :t 1.0 NA 

<2.2 NA 
NA NA 
NA NA 

Camillus-2 

NA 
NA 
NA 
NA 
NA 
NA 

300 
NA 
NA 
NA 
NA 
0.07 

NA 
1.9 

96 
0.03 

NA 
17 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

240 
20 
1.5 
0.5 

NA 
NA 

914 
1,500 

7.1 
1,500 

53 

7.7 

NA 
NA 
NA 
NA 
NA 
NA 



Table 4-69 
Quarterly Radiological Results• for Groundwater at Ashland 1, 1989 

Well AQril 1989 July 1989 October 1989 
Numberb Ra-226 Total u Ra-226 Total u Th-230 Ra-226 Total u 

B03W01S 0.4 3.3 o.s <3.3 <0.1 0.4 <3.3 

B03W02D 0.9 <3.3 1.1 <3.3 0.1 0.7 <3.3 

B03W03D 0.4 4.0 0.6 4.7 0.2 0.4 <3.3 

B03W04S 0.3 <3.3 0.5 <3.3 0.2 1.4 <3.3 

•concentrations are given in pCi/L. 
bSampling locations are shown in Figure 2-21. 

503_0064 (12/28/92) 4-226 



Table 4-70 
Quarterly Radiological Results 8 for Groundwater 

at Ashland 2 and Ashland 2 South, 1989 

Well ARril 1989 July 1989 October 1989 
Nwnberb Ra-22~ Totai U Tli-230 Ra-22b Total U Tli-230 Ra-22() Totai U Tli-230 

B32W02D 0.5 <3.3 NA0 NA NA NA 0.4 <3.3 NA 

B32W03S 0.1 <3.3 NA NA NA NA 0.3 <3.3 NA 

B55Wl7D 0.8 3.3 NA 0.7 <3.3 0.4 0.3 11 NA 

B55Wl9D NA NA NA 1.2 <3.3 <0.2 1.1 <3.3 NA 

B55W27D 1.0 <3.3 NA 0.9 4 <0.1 0.6 <3.3 NA 

B55W31S 0.3 <3.3 NA 0.6 5 <0.1 0.4 <3.3 NA 

B55W32M 2.7 <3.3 NA 2.6 <3.3 <0.1 NA NA NA 

"" B55W33M 
I 

0.4 <3.3 NA 0.4 5 0.7 0.2 <3.3 NA 
1\) 

B55W34D 1.4 <3.3 NA 0.9 <3.3 0.2 0.8 <3.3 NA 1\) 

-.l 

B55W35S 0.4 <3.3 NA 0.6 <3.3 <0.2 0.3 <3.3 NA 

B55W36D 0.3 <3.3 NA 0.9 5 <0.2 0.5 <3.3 NA 

B55W39S 0.4 <3.3 NA 0.5 <3.3 0.1 0.2 <3.3 NA 

8 Concentrations are given in pCi/L. Error terms are not included because the error is 
analytical process and not in the entire process of sampling, handling, and analysis. 

estimated only in the 

~ell locations are shown in Figure 2-21. 
0 NA - not analyzed. 
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Table 4-71 
Quarterly Radiological Results for Groundwater at the As~land Properties, 1990 

Concentration (nCiLL) 
Radium-226b Total Uraniumc.d 

Well Number8 Apr 1990 Aug 1990 Oct 1990 Apr 1990 Aug 1990 

B55W17D 0.5 0.4 0.4 <3.3 <3.3 
B55W19D 0.6 1 1 <3.3 <3.3 
B55W27D 0.8 0.8 0.2 <3.3 <3.3 
B55W31S 0.2 0.3 0.4 4 <3.3 
B55W32M NC' NC 0.8 NC NC 
B55W33M 0.3 0.3 0.4 <3.3 <3.3 
B55W34D 0.7 0.6 <0.1 <3.3 <3.3 
B55W35S 0.2 0.3 0.4 <3.3 <3.3 
B55W36D 0.4 0.4 0.7 <3.3 <3.3 
B55W39S 0.2 0.2 0.2 <3.3 <3.3 
B32W02D 0.6 0.7 0.6 <3.3 <3.3 
B32W03S 0.2 0.3 0.3 4 <3.3 

B03W01D 0.2 0.3 0.3 6.7 3.3 
B03W02D 0.6 0.6 0.8 <3.3 <3.3 
B03W03D 0.2 0.3 0.2 <3.3 <3.3 
B03W04S 0.4 0.3 0.7 6 <3.3 

SWell locations are shown in Figure 2-21. S - shaliow depth well; M - intermediate depth well; D - deep well. 

bRadium-226 background level: 0.3 pCi/L. 

"Total uranium concentrations are determined by summing the concentrations of uranium-234, 
uranium 235, and uranium-238; approximately 50 percent of total uranium is uranium-238. 

dTotal uranium background level: 3.4 pCi/L. 

~C - not collected. 

Oct 1990 

<3.3 
<3.3 
<3.3 

3.3 
<3.3 
<3.3 
<3.3 
<3.3 
<3.3 
<3.3 
<3.3 
<3.3 

4 
<3.3 
<3.3 
<3.3 



Table 4-72 

Quarterly Chemical Results for Groundwater at Ashland 2. 1989 

Pa e 1 of 3 

Well Number• 
85511270 855\o/33M 855\o/340 

Parameter Apr 1989 Jul 1989 Oct 1989 Apr 1989 Jul 1989 Oct 1989 Apr 1989 Jul 1989 Oct 1989 

Cyanide (1£g/L) 10c NAb NA 10c NA NA 10c NA NA 
TOC (mg/L) 5.2 2.7 4.4 10.9 4.7 3.0 3.5 2.4 1.6 
pH (standard) 11 10.4 10.4 10.3 11.6 12.3 12.6 12.5 9.3 
Specific 
conductance 3.700 3,160 3,520 1.690 2,540 8,870 9,310 7.300 2,310 

(turilos/cm) 
TOX (1£9/L) NA 20c 21 NA 20c 20c NA 29 20c 
Sulfide (mg/L) 0.1c NA NA 0.1c NA NA 0.1c NA NA 

Metals (Jtg/L) 
Aluminum NA 1.SSO 278 NA 227 200 NA 328 318 
Antimony 60c 60c 60c 60c soc 60c 60' 60c 60' 
Arsenic 10c 100c 100' 10c 100' 100' 1S.8 100' 100c 
Barium 200c 200c 200' 200c 200c 200' 1,S80 1,220 1,240 
Beryllium sc S' S' S' sc S' S' sc S' 

ob Boron NA 736 6S8 NA 291 378 NA 100c 10S 
I Cadmium sc S' S' sc S' S' sc sc S' 

1\) Calcium NA 427.000 s.oood NA 224.000 s ,oood NA 633,000 s,oood 
1\) Chromium 10.3 11.7 10c 10c 31 10' 10c 14.9 10' 
1,0 

Cobalt so' soc 50' 50' 50' 50' 50' 50' so' 
Copper 26.6 25c 25c 25c 25c 25c 30.6 27.3 34.9 
Iron NA 100c 100' NA 100c 100c NA 100c 100c 
Lead 5c 100' 100c 5c 100c 100c 5c 100c 100' 
Magnesium NA 46.300 49,700 NA 5,000' 82,900 NA 5,oooc 5,oooc 
Manganese NA 15c 15' NA 15c 91.3 NA 15' 15c 

Mercury 0.2' NA NA 0.2c NA NA 0.2c NA NA 
Molybdenum NA 100c 111 NA 100' 100c NA 100c 100' 
Nickel 40' 40c 40c 40c 40' 40' 40c 40c 40c 

Potassium NA 91.500 58,000 NA 203,000 5,900 NA 51,800 . 45,500 
Selenium 5' 100' 100c sc 100c 100' sc 100c 100c 

Silver 10' 10' 10c 10c 10' 10c 10c 10c 10' 
Sodium NA 256,000 374,000 NA 1n,ooo 166,000 NA 120,000 134.000 
Thallium 10c 100c 100' 10' 100' 100c 10' 100c 100c 

Tin 100' NA NA 100c NA NA 100c NA NA 
Vanadium so' 50' soc soc soc SO' soc soc soc 

Zinc 29.9 61.9 20' 20c 53.6 20' 56.7 36.6 46.7 



Table 4-72 . 
(continued) 

Pa e Z of 3 

Well Nunber• 
BSSW3SS BSSW36D BSSW39S 

Parameter Apr 1989 Jul 1989 Oct 1989 Apr 1989 Jul 1989 Oct 1989 Apr 1989 Jul 1989 Oct 1989 

Cyanide (JLg/L) 10. NA NA 10. NA NA 1S6 NA NA 
TOC (mg/l) s.z 4 6.8 4.9 z.z 7.8 7 4 18.4 
pH (pH units) 7.9 7.8 7.7 8 7.8 7.8 7.S 7.S 7.4 
Specific 
Conduct i.vity 914 749 89S 3,360 Z,710 1,170 1,080 9S1 Z,9SO 

(JLrrilOS/Cm) 
TOX (1£9/L) NA zo• zo• NA zo• zo' NA zo• zo• 
Sulfide (mg/L) 0.1· NA NA 0.1· NA NA 0.1· NA NA 

Metals (~g/L) 
Aluninun NA zoo• zoo• NA Z40 3Z3 NA zoo• zoo• 
Antimony 60. 60. 6o• 8Z.4 60. 60' 6o• 60. 60. 
Arsenic 10. 1oo• 1oo• 10. 1oo• 100' 10. 1oo• 100. 
Bariun zoo• 2oo• zoo• zoo• zoo• zoo• zoo• zoo• zoo• 
Berylliun s• s• s• s• s• s• s• s• s• 
Boron NA 496 S04 NA 943 11190 NA SZ3 636 

""' Cadmiun s• s• s• s• s• s' s• s• s• 
I Calciun NA 34,000 s,oood NA 4SZ,OOO s,oood NA S1,SOO s,oood 

1\) Chromiun 10. 22.Z 10. 10. 1S.1 10. 10. Z3.Z 10. w 
0 Cobalt so• so• so• so• so• so• so• so• so• 

Copper zs• zs• zs• 31.1 zs• Z7.7 zs• zs• zs• 
Iron NA 1ZZ 1oo• NA 10S 106 NA 1oo• 172 
Lead s• 100. 1oo• s• 1oo• 1oo• s• 1oo• 1oo• 
Magnesiun NA 47,SOO 47,900 NA 117,000 119,000 NA 64,800 71,100 
Manganese NA 363 39S NA S4.3 43.8 NA 6SZ SS7 
Mercury o.z• NA NA o.z• NA NA o.z• NA NA 
Molybdenun NA 100. 1oo• NA 1oo• 1oo• NA 1oo• 1oo• 
Nickel 41.4 40. 40. 40 40 40 40 40 40 
Potassiun NA s,ooo• s,ooo• NA 6,880 9,710 NA s,ooo• s,ooo• 
Seleniun s• 100. 1oo• s• 1oo• 1oo• s• 1oo• 1oo• 
Silver 10• 10. 10• 10• 10• 10• 10. 10. 10• 
Sodiun NA 91,000 96,SOO NA 140,000 1S2,000 NA 9S,SOO 107,000 
Thall iun 10. 100• 100• 10• 1oo• 1oo• 10• 1oo• 100• 
Tin 100• NA NA 1S7 NA NA 1oo• NA NA 
Vanadiun so• so• so• so• so• so• 10• so• so• 
Zinc Z8.Z 43.Z 71.0 68.9 41.9 Z3.3 3S 1Z6 9S.Z 



,_...;le 4-72 

(continued) 
a e 3 of 3 

lle ll Nll!lber• 
B551127D B551133M B551134D 

'Parameter Apr 1989 Jul 1989 Oct 1989 Apr 1989 Jul 1989 Oct 1989 Apr 1989 Jul 1989 Oct 1989 

VOCs, BNAEs, and pesticides ~/L) 

Bis(2-ethylhexyl)-
r phthalate 11 NA 30 66 NA 16 13 NA 

Toluene 17 9 24 NA NA NA NA NA NA 
Ethyl benzene 8 2e NAd NA NA NA NA NA NA 
Benzene NA 3. 3 NA NA NA NA NA NA 
Alpha·BHC 0.059 NA NA NA NAd NA NA NA NA 
Chloroform NA NA NA 8 2 NA NA NA NA 
Total xylenes NA 5 13 NA NA NA NA NA NA 
DI-n-butyl-

1d 1d 1d phthalate NA NA NA NA NA NA 
Benzyl alcohol NA NAd 1d NA NA NA NA NA NA 
Tetrachloroethene NA 1 NA NA NA NA NA NA NA 

.co llell Nll!lber' 
I 85511355 85511360 B551139S N 

w Parameter Apr 1989 Jul 1989 Oct 1989 Apr 1989 Jul 1989 Oct 1989 Apr 1989 Jul 1989 Oct 1989 
1-' 

voes, BNAEs, and pesticides ~/L) 

Bfs(2-ethylhexyl)-
5d phthalate 22 NA 14 NA 39 20 NA NA 

Toluene NA NA NA NA NA NA NA NA NA 
Ethyl benzene NA NA NA NA NA NA NA NA NA 
Benzene NA NA NA NA NA NA NA NA NA 
Alpha-BHC NA NA NA NA NA NA NA NA NA 
Chloroform NA NA NA NA NA NA NA NA NA 
Total xylenes NA NA NA NA NA NA NA NA NA 
Di-n-butyl-

1d 1d 2d phthalate NA NA NA NA NA NA 
Benzyl alcohol NA NA NA NA NA NA NA NA NA 
Tetrachloroethene NA NA NA NA NA NA NA NA NA 

'llell locations are shown in Figure 2-21. 

bNA - not analyzed. 

cSample detection limit. 

dAnalyte result invalid; analyte recovery less than 0.01 percent. 

•estimated value. 



Table4-73 

Quarterly Chemical Results for Groundwater at Ashland 2, 1990 

Pa 1 of4 
Well Number" 

B55W27D B55W33M B55W34D 
Parameter Apr 1990 Aug 1990 Oct 1990 Apr 1990 Aug 1990 Oct 1990 Apr 1990 Aug 1990 Oct 1990 

Metals (ppb) 

Aluminum zoob 200b zoob 200b zoob 458 zoob zoob 200b 

Antimony 60b 60b 60b 60b 60b 60b 60b 60b 60b 

Arsenic loob lOOb 5oob lOOb too" soob lOOb too" saah 
Barium 200b 200b zoob 2oob 2oob zoob 932 997 955 
Beryllium sb sb 5b sb 5b sb sb sb sb 

Boron 739 650 673 373 417 433 lOOb lOOb lOOb 

Cadmium sb sb sb sb sb sb sb sb sb 

Calcium 362,000 368,000 386,000 209,000 255,000 257,000 377,000 60S,OOO S97,000 
Chromium lOb lOb lOb lOb lOb lOb lOb to" lOb 

Cobalt sob sob sob sob sob sob sob sob sob 

Copper 25b 25b 25b 25b 25b 25b 25b 25b 25b 
ob Iron lOOb lOOb lOOb lOOb toob 296 lOOb toob lOOb 
I 

Lead toob lOOb soob toob toob soob lOOb lOOb soob 

"' w Magnesium 44,000 41,500 35,500 65,900 79,000 101,000 s,ooob s,ooob s,ooob 
1\) 

Manganese l5b l5b l5b 91.9 106 19.4 l5b 1sb 1sb 

Molybdenum 100b 1oob 131 lOOb 1oob 1oob toob toob lOOb 

Mercury NAC 0.2b NA NA o.zb NA NA 0.2b NA 
Nickel 40b 40b 40b 40b 40b 40b 40b 40b 40b 

Potassium 81,500 74,900 78,300 7,470 17,200 11,700 29,100 44,500 S2,300 
Selenium lOOb 100b soob 100b toob soob 100b 100b soob 

Silver lOb lOb lOb lOb lOb lOb lOb lOb lOb 

Sodium 399,000 367,000 443,000 131,000 188,000 210,000 98,900 133,000 140,000 

Thallium 381 106 soob 688 111 soob too" too" soob 

Vanadium sob sob sob 84.8 sob sob sob S7.9 sob 

Zinc 33.3 27.7 35 36.1 S35 49 2ob 56.1 31.2 



Table4-73 

(continued) 

Pa 2 of4 
Well Number 8 

B55W27D B55W33M B55W34D 
Parameter Apr 1990 Aug 1990 Oct 1990 Apr 1990 Aug 1990 Oct 1990 Apr 1990 Aug 1990 Oct 1990 

Indicator 
Parameters 

TOX (pg/L) 20b 20b 20b 20b 20b 33 20b 20b 42 
TOC(mg/L) 9.8 33.4 2.4 5.3 13 s.s 11.9 6.3 45 
pH (pH units) 10.6 105 10.2 9 9.1 85 12.6 12.4 11.7 
Specific conductance 3,590 3,520 3,540 2,420 2,380 2,470 4,880 7,700 7,580 

(pmhos/cm) 

VOCs(ppb) 

Acetone lOb 43e s~ lOb sr lOb 15 18• lOb 

Methylene chloride sb 6e s• sb 8• 4r sb 6e 6e ,. 
Trichloroethene 6 s• s• 3d s• sb 2d s• s• 

I 
27 sb s• sb sb s• s• ~ Toluene 21 12 

w Xylene (total) 16 19 1S sb s• sb sb s• s• 
w 



Tablc4-73 

(continued) 

Pa 3 of4 
Well Number" 

BSSW35S B55W36D B5SW39S 
Parameter Apr 1990 Aug 1990 Oct 1990 Apr 1990 Aug 1990 Oct 1990 Apr 1990 Aug 1990 Oct 1990 

Metals (ppb) 

Aluminum zr:y} zoob zoob zoob zoob zoob zoob zoob zoob 

Antimony 60b 60b 60b 60b 60b 60b 60b 60b 60b 

Arsenic lOOb 1oob soob lOOb lOOb soob 1oob lOOb soob 
Barium zoob 200b 200b 200b 200b 200b 200b 200b 200b 

Beryllium sb sb sb sb sb sb sb sb sb 

Boron 471 47S SOl 1,190 l,OSO l,lSO S96 601 S74 
Cadmium sb sb sb sb sb sb sb sb sb 

Calcium 30,600 31,900 33,900 468,000 • 466,000 sos,ooo 48,700 S3,600 S3,600 
Chromium lOb lOb lOb lOb lOb lOb lOb lOb lOb 

Cobalt sob sob sob sob sob sob sob sob sob 

cOpper 25b 25b 25b 25b 25b 25b 25b 25b 25b 

Iron 1oob 13S lOOb lOOb 102 1oob 182 143 100b 

Lead 1oob 1oob soob lOOb lOOb soob lOOb lOOb soob 
~ Magnesium S3,100 47,600 Sl,OOO 132,000 120,000 134,000 7S,100 78,800 80,200 
I 

1\J Manganese 318 31S 291 9S.7 S6.2 54.1 404 31S 246 
w Molybdenum 1oob 1oob lOOb toob toob 1oob 1oob lOOb lOOb 
~ 

Mercury NA 0.2b NA NA 0.2b NA NA 0.2b NA 
Nickel 40b 40b 40b 40b 40b 40b 40b 40b 40b 

Potassium s,ooob s,ooob s,ooob 14,400 8,890 7,570 s,ooob s,ooob s,ooob 

Selenium 1oob 1oob soob toob 1oob soob 1oob 1oob soob 

Silver lOb lOb lOb lOb lOb lOb lOb lOb lOb 

Sodium. 107,000 89,600 100,000 168,000 151,000 171,000 113,000 113,000 110,000 
Thallium 374 1oob soob 1,130 107 soob 665 125 soob 

Vanadium sob sob sob S7.3 67.4 sob sob sob sob 

Zinc 20b 61.7 30.8 S8.7 92 63.7 20b 110 zob 



Table4-73 

(continued) 

Pa 4 of4 

Well Number" 
B55W35S B55W36D B55W39S 

Parameter Apr 1990 Aug 1990 Oct 1990 Apr 1990 Aug 1990 Oct 1990 Apr 1990 Aug 1990 Oct 1990 

Indicator 
Parameters 

TOX (p.gfL) 20b 38 20b 20b 2ob 2ob 24 2ob 2ob 
TOC(mgfL) 22.9 6.1 3.4 s 20.6 1.6 18.8 3.6 2.9 
pH (pH units) 7.7 8 7.6 7.9 9 7.4 7.6 7.6 7.4 
Specific conductance 853 861 929 2,900· 3,000 3,000 898 1,190 1,140 

(p.mhos/cm) 

VOQ(ppb) 

Acetone lOb 2f lOb lOb 2r sr lOb lOb lOb 

Methylene chloride sb se 6e sb se ~ sb 4r 6e 
ol:lo Trichloroethene sb sb sb sb sb sb sb sb sb 
I 

1\) Toluene sb sb sb ld sb sb sb sb sb 
w Xylene (total) sb sb sb sb sb sb sb sb sb 
(J1 

"WeU locations are shown in Figure 2-21. 

boetection limit; concentration is at or below this value. 

"NA - not analyzed. 

"value estimated by analytical laboratory. 

eonty positive values are listed. Compound was found in method blanks associated with sample. 

rvatue estimated by analytical laboratory. Analyte is found in the associated blank as well as in the sample. 







5.0 CONTAMINANT FATE AND TRANSPORT 

Section 5.0 examines the fate and transport of MED-related 

contaminants based on current conditions at the Tonawanda site. 
Future trends are noted; however, quantitative predictions, which 

require modeling, are not attempted. 
Two primary factors influence contaminant release and migration 

from the Tonawanda site: 

• Physical and chemical properties of the contaminants 
• Physical characteristics of the site (topography, geology, 

hydrology, meteorology, and man-made structures) 

Section 5.1 discusses the physical and chemical properties of 

the primary radionuclides and chemicals and how these properties 

affect contaminant fate and transport. Section 5.2 integrates 

information on contaminant sources, site topography, geology, and 

hydrology to develop a conceptual model of potential contaminant 

migration pathways. Contaminant release mechanisms and transport 

media are also described in this section. Section 5.3 describes 

the fate and transport of the detected contaminants in the 

principal media. Section 5.4 presents the conclusions. 

5.1 PHYSICAL AND CHEMICAL PROPERTIES 

Radioactive, metal, and organic contaminants are present at the 

Tonawanda site. The MED-related contaminants are uranium-238, 

radium-226, thorium-230, and metals. 

5.1.1 Radionuclides 

Properties that govern radionuclide fate and transport include 

radioactive decay rate, solubility, and sorption in soils. 

Table 5-l presents the half-lives and distribution coefficients 

(adsorption coefficients) of uranium-238, radium-226, and 

thorium-230. A half-life is the time required for half of any 

given quantity of a radionuclide to disintegrate. With the 
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exception of radon (half-life of 3.8 days), the radionuclides of 
interest at the Tonawanda site have half-lives of more than 
1,600 years and are, therefore, very stable. Radon, a daughter of 
radium-226, is a gas emitted from soil, largely by gaseous 
diffusion. 

Table 5-2 gives the distribution coefficients of thorium and 
uranium in various types of soil and pH conditions. These values 
do not necessarily represent conditions at the Tonawanda site and 
are used only as a general guide to the partitioning of the 
elements. At Linde, pH readings in the deep groundwater aquifer 
are above normal a~ compared with values from deep wells completed 
in the local area (see Section 4.3); one pH reading was 9.6 (in 

B29W09D). 
The distribution coefficient (~) relates a radionuclide 

concentration in water to that in soil. A linear equilibrium 
relationship is assumed: 

where: c. = concentration in soil, 
~ = distribution coefficient, and 
Cw = concentration in water. 

This linear relationship is generally valid under aqueous 
concentrations of 1 ppm or less, similar to soil conditions at the 
Tonawanda site. A high distribution coefficient means a higher 
radionuclide concentration in soil but a significantly lower 
concentration in the groundwater and, therefore, a lower mobility. 
Because the three primary radionuclides at Tonawanda (especially 
thorium) have high distribution coefficient values, they would have 
low aqueous concentrations and should be immobile. 

Soluble compounds can dissolve in water and be transported, 
although the transport rate will be affected by soil adsorption. 
The solubilities of some of the major compounds containing radium, 
uranium, and thorium are included in Tables 5-3 and 5-4. 
Generally, chlorides and nitrates are highly soluble; hydroxides, 
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carbonates, and sulfates (except thorium sulfate) are only 
sparingly soluble. 

The groundwater at Tonawanda has significant levels of chloride 
and sulfate ions, as well as naturally occurring ions such as the 
pH-dependent hydroxyl ion and the carbonate ion (depending on the 
rock types). Thus, sparingly soluble radionuclide compounds such 
as carbonates, hydroxides (e.g., thorium hydroxide), and sulfates 
can form. The formation of insoluble compounds limits the 
concentration of radionuclides in solution, thereby limiting their 
migration. 

5.1.2 Chemicals 

Chemicals detected at the Tonawanda site include metals and 
organics. Metals preserve their total mass and do not undergo 
degradation; however, they can be transported in the environment. 
They are also subject to chemical transformation or speciation, 
which can influence mobility by controlling solubility and 
adsorption in soils. Most metals do not readily volatilize. 

Distribution coefficients of some of the metals are presented 
in Table 5-5. Metal cations principally adsorb on negatively 
charged clay surfaces (electrostatic effect). In addition, ions 
can be chemically bound to adsorption surfaces. Adsorption 
coefficients account for all binding effects. Many metals (such as 
copper) also bind strongly to organic material. 

The solubility product (SP) of some of the sparingly soluble 
compounds of metals and radionuclides detected at Tonawanda are 
shown in Table 5-4. The SP for the dissociation (dissolution) of a 
compound [(MX(s) = M: + x-)] is the equilibrium constant defined 

as: 

where: MX(s) = solid compound, 

[W] = activity (concentration) of w metal ions, mol, and 
L 

[X-] = activity (concentration) of x- anions, mol. 
L 
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The lower the SP, the less soluble the compound. The 
solubility of the metal compounds depends on the pH of the water 
and the concentrations of major ions present in the water. At 
increased concentrations of either the metal ion or anions 
(carbonate, sulfate, and hydroxide), a sparingly soluble compound 
will precipitate. For example, when thorium hydroxide 
(SP = 3.2 x 10-45 ) comes in contact with groundwater, it will 

precipitate or remain insoluble if it is a precipitate in the 
original solution. Also, barium sulfate (SP = 1.1 x 10-10

) is 
likely to remain insoluble. Of the compounds that are·most likely 
to form, the chlorides, nitrates, and nitrites commonly are the 
most soluble, whereas sulfates, carbonates, and hydroxides have low 
to moderate solubility. As discussed in Section 5.1.1, soluble 
compounds are dissolved in water and trans~orted subject to 
adsorption (a compound has to be soluble to adsorb). An insoluble 
compound will remain as a precipitate and limit the overall 
dissolution of the metal. 

The organic contaminants found at Tonawanda include vocs and 
BNAEs. The organic compounds are mobilized by dissolution, 
volatilization, and diffusion. They also partition to the soil 
matrix. Volatilization is generally defined as the loss of a 
chemical into the air from a liquid phase or water solution. 
Diffusion is a molecular phenomenon in which molecules move from a 
zone of higher concentration to one of lower concentration. 
Diffusivity governs gaseous transport through the soil pore spaces. 
The Henry's Law constant and vapor pressure govern the 
volatilization of organics. The greater the Henry's constant and 
vapor pressure, the greater the volatilization. The organic 
carbon-based water partition coefficient (Koc) is a measure of the 

adsorption affinity of the compounds for organic material. The 
soil-water partition coefficient (Kp), which is equivalent to the 

distribution coefficient, is related to Koc by: 

where: Kp = soil-water partition coefficient, and 

foe = soil organic carbon content as mass fraction. 
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organic compounds, which are largely nonpolar, adsorb 
preferentially to organic matter; therefore, the partition 
coefficient is a function of the organic or humic material content 
of the soil. Table 5-6 lists the molecular weight, solubility, 
Henry's Law constant, vapor pressure, and Roc of the organic 

compounds found at the Tonawanda site. Table 5-7 presents the 
diffusivity in air of some of the organic compounds. 

Organic compounds undergo both biological and chemical 
transformation, which can be affected by such factors as soil pH 
and oxygen content. Organic degradation and chemical oxidation are 
generally facilitated by a high oxygen content in the vadose zone. 
Certain classes of organic compounds undergo chemical hydrolysis 
(reactions resulting in the net exchange of a hydroxyl group (OH-] 

with some other group). The rate of hydrolysis commonly is 
directly related to pH. Soil moisture content also affects · 
transformation of organic compounds; the presence of water is 
required for hydrolysis and for microbial metabolism. Estimating 
the individual rates of these processes is usually difficult. In 
the mathematical treatment of transformation, all processes are 
combined to derive a single site-specific value for the rate of 
degradation. The estimated half-life ranges for selected organic 
compounds (in the soil and groundwater) are given in Table 5-B. 
These half-lives can be expected to be even higher if nonideal 
conditions, such as lack of oxygen, moisture, or nutrients, 
prevail. 

5.2 SITE CONCEPTUAL MODEL 

The process of contaminant migration involves a source, a 
release mechanism, and a transport medium for migration from the 
point of release to the point of exposure. Primary contaminant 
sources are discussed in detail in Section 4.2 and are summarized 
in this section. The mechanism for the release of compounds into 
the environment depends on the source, the contaminant, 
environmental factors, and the media to which the contaminant is 
released. Groundwater, surface water, and air are the primary 
transport media at Tonawanda. Figures 5-l and s-2 are schematic 

503_0066 (12/28/92) 5-5 



diagrams of the hydrogeology and migration routes at the Tonawanda 
properties. The perched groundwater system, the shallow 

groundwater system, and the contact-zone aquifer are the three 
major subsurface flow systems. Surface runoff, drains, and ditches 

form the surface water system. Air, surface water, and groundwater 
are the migration routes. 

Figure 5-3 depicts the conceptual site model illustrating 
potential sources, primary release mechanisms, environmental 

transport media, and principal exposure routes. In addition to 
exposure via groundwater, surface water, and air, exposure may 
occur through direct contact with the source. Hur.an proximity to 
radioactively contaminated sources lacking effective barriers will 
result in direct gamma radiation exposure. 

5.2.1 Sources 

The principal sources of contamination at Linde are the 
contaminated surface and subsurface soils, subsurface rock and 
groundwater contaminated with injected processing effluent, and 

contaminated structures and equipment. The principal sources of 
contamination at the Ashland and Seaway properties are primarily 

surface and sUbsurface soils. The Seaway landfill contains some 
buried radioactive contamination. 

5.2.2 Release Mechanisms 

The primary mechanisms of release from the identified sources 
are percolation and subsequent leaching to groundwater, gaseous and 
airborne particulate emission, and surface runoff. 

Percolation and Subsequent Leaching 

Excess precipitation (water remaining after surface runoff and 
depression storage) infiltrates into the ground surface. Some of 

the infiltrating water is lost to evapotranspiration, and the rest 

percolates down into the shallow unconsolidated saturated zones or 

flows horizontally in a perched water system. The rate of 
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infiltration is controlled by soil texture, soil moisture, and 
hydraulic conductivity of the soil and by meteorological conditions 
affecting evapotranspiration. The infiltration rates calculated 
(Section 3.3.3) are 9.4 cm/yr (3.7 in.fyr) for Linde, 2.3 cmfyr 
(0.9 in.fyr) for Ashland 1 and Ashland 2, and 18.5 cmfyr 
(7.3 in.fyr) for Seaway. Areas covered by concrete pads or 
buildings are not considered to have water infiltrating into the 
soil. 

water infiltrating through contaminated surfaces and 
percolating through subsurface soils may leach contaminants into 
the subsurface groundwater system. Factors that affect leaching 
rate include the solubility and partition coefficient of the 
contaminant and the amount of percolation. 

The partition coefficient or solubility may be important 
depending on whether leaching is solubility-controlled or 
sorption-controlled. Highly insoluble compounds (such as thorium 
hydroxide, barium sulfate, and many arsenates) are likely to 
precipitate or remain insoluble with little leaching. Many of the 
contaminants that are present at trace levels are likely to remain 
below their solubility limits and are therefore subject to 
adsorption onto the soil matrix. Contaminants with low 
distribution coefficients undergo greater leaching. 

Gaseous and Particulate Emission 

Volatile organics in surface soil may escape to the air via 
vaporization. The rate of such emission is controlled by the vapor 
pressure of the organic compounds in the surface soil. This 
emission decreases rapidly over a short time as the volatiles in 
the surface soil layer are released to the atmosphere. Volatile 
organics in subsurface soils may contribute to gaseous emission 
over a longer time via vertical diffusion through the soil pores. 
At the Tonawanda site, radon gas emissions from the subsurface 
soils may also be significant because the soils contain substantial 
amounts of radium-226, of which radon is a daughter product. 

Particulate resuspension from contaminated surface soil occurs 
via wind erosion, which is controlled by vegetative cover, wind 
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speed, and surface soil moisture content. Wind erosion at 

Tonawanda is not expected to be significant because the ground 

surface is predominantly paved or covered with vegetation. 

surface Runoff 

The contaminants that are sorbed onto surface soils can be 

released by dissolution in surface runoff or by sheet erosion 

during a rainstorm. Sheet erosion is not expected to be a major 

release mechanism at the site because ground surfaces are primarily 

paved or covered with vegetation. Only colloids and small amounts 

of fine particles are likely to be released; this assumption is 

substantiated by the low level of contamination (which includes 

several VOCs and metals) detected in the drainages downstream of 

the site. Stormflow sampling will be required to confirm that 

surface runoff is not a major transport pathway for contaminated 

suspended sediments. 

5.2.3 Transport Media 

Transport media at the Tonawanda site are groundwater 

(including subsurface perched water), surface water and sediment, 

and air (see Section 3.0). Because a significant portion of the 

contamination is currently confined to the vadose zone, only small 

amounts of contaminants are expected to migrate (under current 

conditions) in any of the environmental media. The perched 

groundwater and surface runoff to local surface waters are the most 

important flow systems affecting contaminant transport. 

Groundwater 

The geologic column at the Tonawanda site reveals four major 

stratigraphic units (Figure 3-17). The uppermost layer is till 

(sandy and gravelly clay), which is 6 to 12m (20 to 40ft) deep 

with a veneer of fill material [0.3 to 1.2 m (1 to 4 ft) thick 

except under waste piles] present at all of the properties. Below 

the till layer is about 7.5 to 20m (25 to 65 ft) of varved 
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lacustrine clay and glaciolacustrine clay. The bedrock is about 

60 m (200 ft) thick and consists of shales of the Salina Group. 

Ground surface infiltration varies in the different areas of 

the Tonawanda site. The infiltration rate is 9.4 cmjyr 

(3.7 in.jyr) at Linde, 2.29 cmjyr (0.9 in.jyr) at Ashland 1 and 

Ashland 2, and 18.2 cmjyr (7.3 in.jyr) at Seaway. Because of the 

low permeability (1 x 10-6 cmjs) of the glacial till and clays, 

very little infiltrating water percolates to the shallow 

groundwater; therefore, little contaminant transport takes place. 

Most of infiltrated water moves horizontally through the relatively 

higher conductivity top layer (1 x 10-3 cmfs) forming the perched 

groundwater system. This perched flow is the major subsurface 

transport mechanism. 

Perched groundwater system. The perched water system is 

recharged locally and discharges into drainage ditches and creeks. 

The average distance to a surface discharge p6int (such as 

stormwater drainage) at Linde is approximately 31m (100ft). The 

Ashland and Seaway properties have drainage ditches along the sides 

of the fill areas. At these properties, the distance from the 

midpoint of the burial ground to the nearest discharge ditch is 

about 31 m (100 ft) for Ashland 1 and about 155 m (500 ft) for 

Seaway. At Ashland 2, most of the buried contamination on the 

property is contained in the areas between Rattlesnake Creek and 

other creeks. These areas (Watershed 2 in Figure 3-4) drain into 

these creeks. The distance from the watershed divide to the creeks 

is approximately 155m (500ft). 

The average flow velocities in the perched system can be 

computed as follows: 

Vavg = (r/H) (L/2ne), 

where: Vavs = average linear velocity (mjyr), 

L = distance from the watershed divide to the 
discharge point, 

H = thickness of the perched layer [ranges from 1 to 
1.24 m (4 ft) and an average thickness of 0.62 m 
(2 ft) is assumed], 

r = recharge rate (cm/yr), and 
ne = the effective porosity(= 0.07). 
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At Linde, the average velocity of perched water flow is 

estimated to be about 33 mjyr (108 ftjyr). For seaway, it is about 

320 mjyr (1,049 ftjyr). At Ashland 1 and Ashland 2, the flow 

velocities are estimated to be 8 mjyr (26 ftjyr) and 40 mjyr 

(131 ftjyr), respectively. 

Semiconfined shallow groundwater system. The semiconfined 

shallow system occurs principally in sand lenses under the Ashland 

properties. There is no well-defined groundwater table at Linde. 

This shallow system is considered to be semiconfined because it is 

surrounded by 1silty-clay mate~ial that has lower hydraulic 

conductivity (less than 10-7 cmjs). The sand lenses are 

approximately 5 to 12 m (16 to 40 ft) below the ground surface. 

There is enough recharge (deep percolation) into the system from 

precipitation to cause a response; the response, however, is rather 

damped. A conservative estimate of recharge is 0.7 cmjyr 

(0.024 ftjyr) with an average linear velocity of 9 cmjyr 

(0.3 ftjyr) (see Section 3.6). Depth to the shallow system water 

table ranges from 0 m (near wetlands) to 6 m (20 ft) at the Ashland 

properties. 

The shallow groundwater system is thought to discharge to 

Rattlesnake Creek downstream of the Ashland properties, the flow 

being primarily through a series of hydraulically interconnected 

sand lenses (see Section 3.5). Contaminant leachates are not 

likely to reach the shallow groundwater; therefore, this is not 

likely to be a migration pathway. 

Contact-zone aquifer. The contact-zone aquifer consists of the 

coarser-grained basal zone of the unconsolidated deposits (just 

above the bedrock) and the fractured and jointed shales in the 

upper part of the Salina Group (bedrock). This aquifer is confined 

and has an average hydraulic gradient of 0.0003. 

The bedrock consists primarily of shale. Porous media flow is 

assumed in the fractured bedrock media. The width of the contact

zone aquifer ranges from 3m to 4.5 m (10ft to 15ft). The 

average linear velocity at Linde is 7 mjyr (23 ftjyr) (see 

Section 3.6). At the Ashland and Seaway properties, the velocity 

is 25 mjyr (82 ftjyr). 
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In the basal glaciofluvial deposits overlying bedrock (see 

Section 3.6), the median hydraulic conductivity of 2.3 x 10-3 cmfs 

(2,400 ft/yr) and an effective porosity of 0.13 were selected. The 

average linear groundwater velocity was calculated as 1.7 mfyr 
(5.5 ft/yr). Piezometric surface maps of the contact-zone aquifer 

\(Figures 3-35 through 3-42) show that there is no significant 

recharge or discharge for this aquifer at the Tonawanda site. 

At Linde, contaminated effluent was injected directly into the 

contact-zone aquifer. Groundwater flow conditions and adsorption 

in the rock matrix affect the transport of contaminants in this 

aquifer. 

surface Waters and Sediments 

Rattlesnake and Twomile creeks drain the Tonawanda site 

(Figures 3-1 and 3-2). Vegetation and concrete cover most of the 

site (except parts of Seaway), thereby reducing sediment transport. 

The site runoff first collects in ditches and drains before being 

directed to the two main creeks. Most of the ditches contain thick 

vegetation allowing suspended sediments to settle. 

Runoff from Linde collects in the plant's storm sewer system 

:and drains into the Twomile Creek twin conduits. Linde is an 

industrial property, and most of the surface area is paved or 
covered with buildings. 

Ashland 1 has a drainage area of 4.4 ha {10.8 acres) and is 

relatively flat. A large area in the center of the property 

captures precipitation. This water is pumped into an open channel, 

which drains northeastward to the drainage ditch along the Ashland

Seaway boundary. In the bermed area, the standing water allows 

sediment to settle out before the water is pumped. The rest of the 

area is covered with vegetation, a few unpaved roads, and 

buildings; drainage is to the main ditch that forms the headwaters 

of Rattlesnake Creek (see Section 3.3.2). Water in the ditch flows 

westward into a ponded area that is drained by a 1-m {3-ft) RCP 

that extends diagonally under Seaway into Rattlesnake creek. 

Seaway is notable for its sharp relief compared with the 

surrounding area. The surface of the pile is steep, with side 
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slopes of approximately 30 percent. Because large areas of the 

surface of the pile are bare, sheet and rill erosion occur on the 

slopes. Vegetation covers the base of the pile and the areas that 

are already capped, thereby partly reducing sediment transport. 

Approximately half of the stormwater runoff from the exposed Area A 

flows to the southwest; the other half flows to the northeast. 

Radioactive contamination above DOE guidelines has been detected in 

the drainage ditches to which the flow is directed. 

The northwestern portion of Ashland 2 is drained by Rattlesnake 

Creek, which joins Twomile Creek just before its confluence with 

the Niagara River. The central and southern region of Ashland 2 is 

drained by an unnamed creek that leads into Twomile creek. 

Wetlands occur in the northwestern areas of Ashland 2 around 

Rattlesnake Creek and form a part of the surface water system at 

the Ashland properties (see Figure 3-8). Discharge from the 

perched system in this area occurs for about three months of the 

year (see Table 3-1). This area consists of Wayland silt loam 

soil. There are potential wetlands on both sides of this wetland 

because the perched water table is close to the surface [0 to 15 em 

(0 to 6 in.)] for several months of the year. 

Wetlands play an important role in determining contaminant 

transport. Because of the large surface area of the wetlands, the 

surface water velocity in them is vastly reduced, allowing 

suspended sediments, as well as contaminants adsorbed on them, to 

settle. The extended contact time provides greater opportunity for 

adsorption/desorption of the sediment and plant substrates. These 

wetlands may be active groundwater discharge or recharge areas 

(varying seasonally), with contaminant flux at the bottom. 

The near-stagnant water can create anoxic conditions that 

affect the chemistry and chemical transformation of contamination. 

Also, there is a potential for biological uptake of contaminants by 

vegetation growing in the water. 

Air 

The vapor phase concentration of organic compounds is 

controlled by the distribution coefficient Kp, Henry's Law 
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constant, and (to so.me extent) soil moisture content. The 
distribution coefficient of radon is not readily available: its 
water solubility is relatively low (maximum solubility 10 mmol/L). 

The vapor phase constituents are transported to the air at the 
soil surface by slow diffusion. Radon, which is present in gaseous 
form, also migrates by diffusion. The effective diffusion 
coefficient, which accounts f'or porosity and soil moisture content, 

governs this transport. 
Fine particulates are transported and deposited on the ground 

at varying distances from the site depending on particle size. The 
very fine particles and gaseous compounds are dispersed in the air, 
where their concentrations depend on wind speed, distance from 
their source, and atmospheric conditions affecting dispersion. 
There is little potential for particulate transport because of the 
grass and concrete covering at most of the Tonawanda site. 
However, some areas of the active landfill are not covered and may 
be a small source of particulate emission. 

Winds in the area blow predominantly from the southwest. The 
average monthly wind speed ranges from 15.9 to 23 km/h (9.9 to 
14.3 mph). The relatively windy conditions increase dispersion of 
gaseous emissions (organic compounds and radon) and fine 
particulates. Particulate suspension is likely to be limited 
because most of the soil surface is paved or covered with 
vegetation. 

The monthly normal temperature ranges from -4.4 to 21.7•c 

(24 to 71 •F), with a mean annual temperature of 8.9·c (48.F). 

These low temperatures reduce soil emissions; periods of snowfall 
further reduce emissions. 

5.2.4 Intermedia Transfer 

Contaminants are transported from one medium to another via 
intermedia transfers, which are considered secondary release 

mechanisms. Figure 5-4 shows the processes involved in intermedia 
transfer. 

The principal intermedia transfers at the Tonawanda site occur 
between soil and water and between soil and air; soil contaminates 
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water via dissolution and desorption, whereas water transfers 
contaminants to soil via sorption. Volatilization and resuspension 

from land surfaces and volatilization from surface water may occur, 

transferring contaminants into the air. However, there is no 
measurable evidence that deposition and precipitation from air are 
occurring at the site. Groundwater and surface water interact via 
seepage and groundwater discharge (in this case to Twomile and 

Rattlesnake creeks). At present, there is no indication of 

contaminant discharge via groundwater from the Tonawanda site into 

the Niagara River. 

5.3 CONTAMINANT FATE AND TRANSPORT IN THE PRINCIPAL MEDIA 

This discussion of the fate and transport of contaminants in 
the principal media (i.e., groundwater, surface waters and 
sediments, and air) is based on the conceptual model discussed in 
Section 5.2. A brief summary of contaminants in soil is presented 

because soils constitute the primary source of dispersed 
contaminants for all media. 

5.3.1 contaminant Distribution in Soil 

The nature and distribution of radionuclides, metals, and 
organics in the property soils affect their fate and transport. 

Linde 

MED-related filter cake at Linde has been mixed with fill 
clays, gravels, slag, and fly ash. Organics were detected 

throughout the property soils. PAHs, a class of BNAEs, detected in 
the soils can be linked with vehicular traffic.and waste crankcase 

oils associated with heavy (diesel) truck traffic. Toluene, a voc, 

was detected throughout the facility in near-surface soils; its 
migration pattern in the soils indicates recent deposition (i.e., 

post-MED activities). Chlorinated aliphatics, a class of vocs, are 

associated with general plant operations (e.g., use as degreasers). 

Migration patterns of the aliphatics, which were detected in 
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subsurface soils, indicate past releases; they may have been used 

for general facility operations during the MED activities. 

Surface and subsurface radioactive contamination at Linde 

occurs primarily in four identifiable areas (see Figures 4-1 

through 4-3). Radioactive contamination does not generally extend 

deeper than the fill material covering the Linde property; 

therefore, the contamination is primarily in contact with the 

perched groundwater system. 

Areas 1 and 2. Area 1 i~ in the northwestern corner of the 
main parking lot, and Area 2 is along the northern boundary of the 

property (see Figure 4-1). The maximum depth of radioactive 

contamination in both areas is 1.2 m (4ft). The primary 

radioactive contaminants are uranium-238, radium-226, and 

thorium-230, and chemical sampling results indicate that the 

radioactive and metal contamination is from Stage 2 filter cake. 

Surface soil contamination is predominant in Areas 1 and 2. 

Area 3. Area 3 is along the eastern fenceline in the 

northeastern corner of the property and extends onto the Conrail 

vicinity property. The maximum depth of contamination is 1.2 m 

(4 ft) on the western side of the railroad spur and 0.6 m (2 ft) on 

the eastern side of the spur (see Figure 4-2). The primary 

radioactive contaminants are uranium-238, radium-226, and 

thorium-230, and chemical sampling results indicate that the 

radioactive and metal contamination is from Stage 2 filter cake. 

Surface soil contamination is predominant in Area 3. 

Area 4. Area 4 is around Buildings 38 and 58 and in and around 

Building 30 (see Figure 4-3). The maximum depth of contamination 

is 2.7 m (9 ft) under Building 30. The primary radioactive 

contaminants are uranium-238, radium-226, and thorium-230. 

Chemical sampling results indicate that the radioactive and metal 

contamination in this area derive from either Stage 1 filter cake, 

American ore, processing effluents, or slag. Radioactive 

contamination in this area is predominately beneath Building 30. 
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Ashland 1 

MED-related filter cake at Ashland 1 has been mixed with fill 
clays, gravels, slag, and refinery wastes. The depth of 
radioactive contamination averages approximately 1.5 m (5 ft) 
across most of the property; the maximum depth of contamination is 
4.5 m (15ft). The radioactive contamination does not generally 
extend beyond the natural clays underlying the property, but soils 
and filter cake were probably mixed during construction of the 
bermed area, which caused contamination to migrate into the clays. 
The contamination _is primarily in contact with the perched 
groundwater system. The radioactive contamination extends onto the 
Seaway property and into the ditch that drains stormwater runoff 
(see Figure 4-12). The primary onsite radioactive contaminants are 
uranium-238, radium-226, and thorium-230. Thorium-230 is the 
primary offsite contaminant. Ashland 1 has PAH contamination in 

the shallow soils as a result of the disposal/release of 
petroleum-derived materials. One subsurface sample contained 
leachable chromium, but it was mixed with another material that may 
be rich in metals. Methylene chloride, unrelated to MED 
operations, was detected in two locations at an interval of 1.8 to 
3m (6 to 10ft); the distribution pattern indicates that a 
subsurface source of methylene chloride may be present. 

Ashland 2 

Radioactive and metal contamination on Ashland 2 is generally 
confined to the low-lying area between the two main drainage 
ditches and the access road (see Figure 4-15). Small amounts of 
contamination occur on the floodplains. Thorium-230, radium-226, 
and uranium-238 are the primary radioactive contaminants, and 
chemical sampling results indicate that the radioactive and metal 
contamination is from Stage 2 filter cake. The maximum depth of 
radioactive contamination is 3.6 m (12ft), but the majority of the 
contamination is shallower than 1.5 m (5 ft). PAHs, the primary 
organics detected at Ashland 2, were between depths of o and 3 m 

(0 and 10ft). 
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seaway 

Area A is 40 percent covered with 0 to 3 m (0 to 10 ft) of fill 

material. Radioactive contamination ranges from 0 to 2.4 m (0 to 
8 ft) in depth (see Figure 4-13) and extends via a drainage ditch 
onto the Niagara Mohawk property north of Area A. Areas B and C 
are buried beneath as much as 12 m (40 ft) of fill material. 
Area D is contiguous with the radioactive contamination on 
Ashland 1 and the adjacent drainage ditch. Thorium-230 is the 
primary radioactive contaminant in Areas A and D; samples from 
Areas B and c have not been analyzed for thorium-230 contamination. 

5.3.2 Fate and Transport Analysis 

The following section discusses the potential for fate and 
transport based on the contaminants, media, and RI results at the 
Tonawanda site. 

Groundwater 

The primary pathway of contaminant transport through subsurface 
soil is via the perched groundwater system. Because of the natural 
clays underlying the properties, vertical percolation of recharge 
water to the shallow groundwater system· is minimal; therefore, the 

potential for contaminant migration to the shallow groundwater 
system is reduced. Contamination from the effluents injected into 
the contact-zone aquifer at Linde appears to be immobilized in the 
particulate phase. 

Perched groundwater system. Most of the soil contaminants are 

confined to surface soils above the natural clays at the 
properties. Water infiltrating through the contaminated soils may 
leach contaminants and transport them to the perched groundwater 
system. The perched system, which follows the contour of the top 
of the natural clays, transports the contaminants to nearby 

discharge points in the surface drainage systems. 
The vertical flow velocity in the perched system is less than 

0.09 mjyr (0.3 ftjyr). Table 5-9 gives the vertical transport 
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velocities in the vadose zone for metals and radionuclides. The 
retardation coefficient was calculated using a bulk density of 
1.8 gjcm3 and a porosity of 0.4. The vertical transport velocities 

are extremely low because of the high distribution coefficients and 
the thick clay layer underlying the site. Some of the more mobile 

contaminants, such as arsenic, boron, and cadmium, move vertically 
less than 0.003 mjyr (0.01 ft/yr). The solubility of most of the 

radionuclides and metals is very low, and thorium and several other 
metals are likely to be present as precipitates; therefore, the 

potential for migration is further reduced. 
Table 5-10 gives the vertical velocities for the vocs. The 

partition coefficient was calculated assuming a low soil-clay 
organic fraction of 0.005. Retardation of the organics is expected 
because of the presence of other organic matter in the surface 

soils. Organic contaminants are mostly polar compounds that are 
commonly less strongly bound to clays than are the radionuclides 
and metals, but vocs and BNAEs will tend to adsorb to the organic 
matter present in the fill and upper clay. vocs, however, are 

quite soluble and mobile and may penetrate deeper into the clay 

layer than BNAEs. The vertical transport velocity of BNAEs in 
soils of this type is less than 0.05 mjyr (0.16 ftjyr); therefore, 
organic compounds will not likely migrate to the contact-zone 
aquifer. The desiccation cracks in the top of the clay can enhance 

the potential for migration of the contaminants into the natural 
clays. 

The RI results do not indicate that the MED-related 
radionuclides and metals are migrating at a detectable rate into 
the natural clays below the properties. Distribution patterns for 

organics such as toluene and chlorinated aliphatics indicate that 

the compounds are migrating vertically within the surface soils, 
but not into the underlying clays. 

Contact-zone aquifer. The only sources of contamination in the 

contact-zone groundwater system were the injection well discharge 

points at Linde. The injection well effluent contained only trace 

levels of radionuclides and other heavy metals (uranium, radium, 

nickel, vanadium, cobalt, copper, and molybdenum), but large 

volumes of effluent [208 million L (55 million gal}] were 
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discharged, causing substantial quantities of contaminants to enter 

the aquifer [including about 5,443 kg (12,000 lb} of uranium]. 

Most of the uranium is likely to have precipitated as the heated 

discharge mixed with the cooler groundwater. Under high-pH 

conditions, thorium hydroxide, barium sulfate, calcium carbonate, 

and calcium sulfate would also have precipitated. These 

precipitates contributed to the pores becoming clogged during 

effluent injection. 

Of the radionuclides in the effluent, radium and uranium are 

generally more soluble than thorium (Tables 5-3 and 5-4}. uranium 

and radium concentrations (filtered) in groundwater were 4.8 and 

3.7 pCi/L, respectively, which are below the allowable DCGs. The 

thorium concentration is below the detection limit. Thorium (IV) 

is one of the largest cations and is most resistant to hydrolysis. 

Thus, thorium solubility can be expected to be controlled by 

thorium hydroxide _at moderate to high pH. The high groundwater 

pH (9.6) renders thorium practically insoluble and limits the 

solubility of radium and uranium. The concentrations of uranium 

and thorium-230 in the well sediments were relatively high 

(452 ~g/L and 73 pCi/L, respectively), confirming that uranium and 

thorium are present mainly in the particulate phase. 

Molybdenum and boron were detected at concentrations that were 

low but still exceeding background. Boron may be an artifact of 

the laboratory procedure because borosilicate glassware was used 

during the analyses. Molybdenum is quite soluble, and small 

quantities may have remained in the processing effluent that was 

injected into wells at Linde. Because of the low groundwater 

velocity [ranging from 1.7 to 25 mjyr (5.6 to 82 ft/yr}], only 

small amounts of even relatively mobile metals have_migrated. The 

extremely high sulfate ion concentration (about 7,500 ppm} near the 

injection wells suggests that· the original effluent has not moved 

away from the area of discharge. This, in spite of the high 

mobility of the sulfate ions, confirms that the velocity of deep 

groundwater at the property is low. (Refer to Section 4.3 for 

comparisons with regional groundwater chemistry.} 

Investigation of the potential for offsite migration was 

difficult because of the negligible groundwater gradient. The 
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overall low solubility and high distribution coefficient of the 
radionuclides and metals of interest and the minimal groundwater 
velocity suggest that most of these compounds are in the 
particulate phase near the original points of injection. 

surface Waters and Sediments 

The primary pathway of surface soil contaminant transport is 
via the surface water and sediment system. Contaminants enter the 
surface water and sediment system by two mechanisms: 
(1) stormwater runoff transporting both dissolved and particulate 
contamination, and (2) infiltrating water transpcrting dissolved 
and suspended particulates, via the perched groun~water system, to 
surface drainage systems. 

Most contaminants at the site either are adsorbed to the soil 
particulates or are present as particulates. The adsorbed soluble 
compounds may leach from the soils, migrate to the surface water 
system, and deposit in the sediments; the precipitated compounds 
typically do not leach. 

Both insoluble contaminants (e.g., thorium, ~ranium, and 
vanadium) and mobile contaminants (e.g., copper, cadmium, and zinc) 
are transported in surface water. The presence of aluminum (which 
is not a contaminant but a common constituent of clay) in the 
surface water indicates the presence of suspended (clay) particles. 
Radionuclides and metals adsorbed to these suspended particles are 
being transported in the particulate phase (i.e., colloids). The 
radionuclides of interest have high distribution coefficient values 
and relatively low solubility, making them somewhat immobile in the 
soluble phase. RI results show that metals and radionuclides 
(uranium-238 and thorium-230) are being transported with suspended 
particulates from Ashland 1 and Seaway Area A and are being 
deposited into sediments on Niagara Mohawk and Ashland 2. The 
heavy vegetation and low flow in the drainage ditches increases the 
particulate deposition into the sediments. The concentrations of 
radionuclides and metals immediately downstream of Linde and 
Ashland 2 return to background levels. 
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vocs (such as chloroform, toluene, and 

trans-1,2-dichloroethene), which are quite soluble (see Table 5-6), 

are found in surface water and soils at Linde. VOCs do not have 

long residence times in water because they diffuse quickly into the 

atmosphere. RI sampling results for VOCs in surface waters and 

sediments did not indicate migration downstream from any of the 

properties. 

PAHs have a strong affinity for soil and organic particulates 

(i.e., very low solubilities) and migrate with the suspended 

solids. The PAHs detected in Tonawanda surface water samples were 

present as suspended solids, and the surface water constituents 

typically mirrored those in the sediments. The PAHs and degreasers 

appearing in onsite sediments at Linde are very similar to those 

found in the surface soiljwaste oil/fly ash mixtures at Linde. The 

PAHs, like the radionuclides and metals, are being transported with 

the particulates carried in the stormwater runoff. 

The pH of the surface water in the Ashland/Seaway area is near 

normal to slightly alkaline (see Tables 4-31, 4-38, 4-57, 4-58, and 

4-61). Chloride concentrations at the properties range from 50 to 

1,800 ppm. Sulfate concentrations are also high, ranging from 

about 100 ppm to a maximum of 4,400 ppm. These high concentrations 

of mobile ions are probably caused by large amounts of gypsum in 

the subsurface clay as well as the wastes at the properties. The 

subsurface perched water transports these ions and discharges them 

into creeks and drainageways. Surface water, therefore, has higher 

ion concentrations (sulfates and chlorides) than it would have if 

only surface runoff contributed to the flow of the surface waters. 

Dissolved atmospheric carbon dioxide (C02 ) in rainfall, in 

addition to carbonate from dissolution of minerals, probably adds 

significant concentrations of carbonate to the perched water. This 

water chemistry determines the metal species that are likely to be 

formed. The substantial amount of sulfate in perched waters 

suggests that sulfates, carbonates, and hydroxides control the 

solubility of the metals. 
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Air 

No data exist for volatile gas emissions from the site. 

Because of the low voc concentrations in the soils, these emissions 

are not expected to be significant. 

Emission of radon-222 may be a potential hazard in areas where 

radium-226 contamination is located on the ground surface (i.e., 

exposed so that radon emitted in gaseous form could migrate via the 

atmosphere). Radon emitted beneath ground surface would probably 

decay before reaching the atmosphere because radon is a heavy gas 

with a short half-life (less than 4 days). Radon beneath ground 
surface would probably not reach the contact-zone aquifer because 

of the clay aquitard beneath the properties and its short 

half-life. Radon found in the perched groundwater system would 

probably decay before or soon after entering the surface water 
system. 

5.4 CONCLUSIONS 

5.4.1 Groundwater 

The Tonawanda site has a layer of soil and fill material 

overlying approximately 18 to 27 m (60 to 90 ft) of 

glaciolacustrine and varved lacustrine silty clay with very low 

conductivity (less than 10-7 cmjs). This results in a very low 

rate of percolation and very little transport to the shallow 

groundwater system and the contact-zone aquifer. The conductivity 

of the perched groundwater system is much higher. 

Perched Groundwater System 

The perched groundwater system flows horizontally at an average 

velocity of 33 mjyr (108 ftjyr) at Linde, 8 mjyr (26 ftjyr) at 

Ashland 1, 40 mjyr (131 ftjyr) at Ashland 2, and 320 mfyr 

(1,050 ftjyr) at Seaway; the discharge is into nearby drains and 

creeks. Next to surface runoff, this is the most important 

contaminant migration route. 
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High contaminant retardation and groundwater recharge with a 
low percolation rate [an average linear velocity of less than 
0.3 m/yr (1 ft/yr)] prevent any significant contaminant migration 
to the shallow aquifer. The vertical velocity of radioactive and 
metal contaminants through the unsaturated zone is negligible 
(Table 5-9). The contaminant travel velocity of vocs [which is 
calculated assuming a low carbon content (0.05 percent in the upper 
clay layer)] is on the order of 10-2 m/yr (Table 5-10). However, 

some of the more soluble metals with low distribution coefficients 
(such as molybdenum, zinc, copper, and cadmium) and vocs (such as 
toluene, chloroform, and benzene) are probably able to penetrate 
deeper in the clay zone than most of the other contaminants. 
Because of the extremely low rate of flow in the saturated 
groundwater system, no migration is likely via groundwater 
discharge. 

Contact-zone Aquifer 

contamination in the contact-zone aquifer is from injection 
well effluents at Linde. Only very soluble metals such as 
molybdenum were detected in this aquifer. The radionuclides, 
especially uranium and thorium, are predominantly in the 
particulate phase and are immobile (see Section 4.3.1). The 
groundwater velocity is low, ranging from 1.7 to 25 mfyr (5.6 to 
82 ft/yr); thus, even the dissolved phases (i.e., contaminants in 
solution) are not likely to migrate significantly (see 
Section 3.6.2). 

5.4.2 surface water and Sediment 

The surface water system generally consists of stormwater 
drainage and creeks. At Linde, the extensive stormwater drainage 
and the twin conduits to which the drainages lead are the major 
elements of the surface water system. The twin conduits form the 
upper reaches of Twomile Creek. At the Ashland properties, the 
surface runoff is carried primarily by the drainage ditches, which 
ultimately lead to the wetlands and Rattlesnake Creek. The 
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southeastern areas of Seaway drain directly into the Niagara River. 

Ashland 2 South (which did not contain MED wastes) drains 

independently into Twomile Creek. 

The two major pathways for contaminant transport are (1) direct 

surface runoff carrying dissolved and particulate contaminants, and 

(2) discharge of the perched groundwater system, which contributes 

dissolved contaminants, depending on their mobility. 

Surface runoff is the predominant pathway for release of 

radionuclides, metals, and BNAE organics into the surface water 

system. Large areas of Tonawanda have surface contamination, and 

both dissolved and particulate contaminants are transported by 

runoff into the ditches and creeks. Elevated levels of 

contaminants such as thorium-230, barium, and lead (which are 

likely to be in the particulate phase) are transported into the 

surface waters; migration of these contaminants results from 

colloidal or fine particle transport. Contaminants that are more 

soluble and have low distribution coefficients (such as cadmium, 

zinc, molybdenum, copper, and many VOCs) are transported partly in 

the dissolved phase. 

A significant portion of the MED-related contamination is found 

in the subsurface soil, where the contaminants are subject to 

transport by flow in the perched groundwater system. The dissolved 

metals and organics will migrate at a retarded velocity. The more 

mobile metals (such as selenium, boron, molybdenurr, and cadmium) 

have a contaminant velocity of less than 3.5 mfyr (11 ft/yr) except 

at Seaway, where the velocity is on the order of 20 mfyr (66 ft/yr) 

(Table 5-11). The BNAEs are less susceptible to transport and are 

primarily transported with particulates. Table 5-12 shows that the 

perched water velocity is approximately 1 to 5 mfyr (3.3 to 

16 ft/yr} for VOCs (at all properties except Seaway, where it is 

higher). Although this rate is relatively low, it represents a 

long-term surface water pathway. Also, contaminants near the 

discharge points are currently being transported into surface water 

via perched flow. Overall, the contribution of perched flow to 

surface water contamination is much lower than that from surface 
runoff. 
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Elevated levels of contaminants (including metals, BNAEs, and 

VOCs) are present in the sediments in the ditches near the site. 

Because of settling, the contaminant concentrations in the 

sediments decrease rapidly with increasing distance from the site. 

The VOCs generally have low distribution coefficients and a short 
residence time in sediments, eventually partitioning into the water 

and air. 

No significant offsite migration of contaminants is occurring 

via the surface water and sediments. The water in the drains and 

ditches is generally slow moving, and vegetative growth in the 
ditches promotes settling of colloidal particulates. Thus, 

colloidal contaminants (especially metals) are not migrating far in 

the surface water. 

The concentrations of dissolved VOCs decrease by diffusion into 

the atmosphere. The already low concentrations of dissolved metals 

decrease further by dilution and by removal through adsorption to 

suspended solids, which later settle out. The waters downstream of 

the site in the wetlands and in Twomile Creek are relatively 

contaminant-free. However, migration (including offsite migration) 
may occur during large storm events. 

5.4.3 Air 

Because of the low concentrations of vocs in the soil, VOC 

emissions are not expected to be significant. Emission rates for 

semivolatiles are likely to be even lower. 

Emission of radon-222 may be a potential hazard in areas where 

radium-226 contamination is located on the ground surface (i.e., 

exposed so that radon emitted in gaseous form could migrate via the 

atmosphere). Radon emitted beneath ground surface would probably 

decay before reaching the atmosphere because radon is a heavy gas 

with a short half-life (less than 4 days). Radon beneath ground 

surface would probably not reach the contact-zone aquifer because 

of the clay aquitard beneath the properties and the short half-life 

of radon. Radon found in the perched groundwater system would 

probably decay before or soon after entering the surface water 
system. 
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The prevailing direction of the wind is northeasterly, with 
wind speeds ranging from 15.9 to 23 km/h. At these moderately high 
wind speeds, the onsite contaminant concentrations in air are 
expected to be low. 
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Table S-1 

Distribution Coefficients for Radionuclides Found 

at the Tonawanda site 

Radionuclide 

Uranium-238 

Thorium-230 

Radium-226 

Half-Life 
(yr). 

4.5 X 109 

1. 41 X 1010 

1,620 

pH 

2 
8 
10 
13 

2.2 
7.7 

4-9 

2 
5 
7 
13 

2.2 
7.7 

4-9 

2 
4 
6 
7 

2.2 
7.7 

Distribution 
Coefficients 

(cm3/g) 

0 
100 
600 

50 

1.3 
23,000 

45b 

500 
3,000 

50,000 
50 

1.2 
80,000 

60' 000° 

0 
12 
60 

100 

13 
2,400 

Source 
Referencea 

A 

B 

c 

A 

B 

c 

D 

B 

asources: A = Rancon 1973; B = Gee et al. 1980; c = Baes and 
Sharp 1983; D = NRC 1980. 

bGeometric mean (GM) of values ranging from 11 to 4,400, with a 
geometric standard deviation (GSD) of 3.7. 

0 GM of values ranging from 2,000 to 510,000, with a GSD of 4.5. 
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Table s-2 
Distribution Coefficients for Thorium and uranium 

in various Types of soil 

Soil Conditions 

Thorium 

Silt loam, ca-saturated clay, pH 6.5 
Montmorillonite, ca-saturated clay, pH 6.5 
Clay soil, 5 mM Ca(N03 ) 2 , pH 6.5 
Medium sand, pH 8.15 
Very fine sand, pH 8.15 
Silt/clay, pH 8.15 
Schist soil, 1 g/L Th, pH 3.2 
Schist soil, 0.1 g/L Th 
Illite, 1 g/L Th, pH 3.2 
Illite, 0.1 g/L Th, pH 3.2 
Illite, 0.1 g/L Th, pH > 6 

Uranium 

Silt loam, U(VI), ca-saturated, pH 6.5 
Clay soil, U(VI), Ca(N03 ) 2 i pH 6.5 
Clay soil, 1 ppm uo+2 , pH 5. 5 
Clay soil, 1 ppm uo+2 , pH 10 
Clay soil, 1 ppm uo+2 , pH 12 
Dolomite, 100-325 mesh, brine, pH 6.9 
Limestone, 100-170 mesh, brine, pH 6.9 

Source: Isherwood 1981. 
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Distribution 
Coefficients 

(cm3 jg) 

160,000 
400,000 
160,000 

40-130 
310-470 

270-10,000 
8 

603.2 
120 

1,000 
<100,000 

62,000 
4,400 

300 
2,000 

270 
4.5 
2.9 



Table S-3 

Solubility at 2ooc of Metals Detected 

at the Tonawanda Site 

Compound 

Silver sulfate (Ag2SOd 
Arsenic trioxide (As20 3 } 

Arsenic pentoxide (As20 5 } 

Boron oxide ( B20 3 } 

Barium chloride (BaC12 } 

Barium hydroxide [Ba(OH} 2 ] 

Beryllium sulfate (BeSOd 
Calcium carbonate (CaC03 ) 

Calcium sulfate (CaSOd 
Cadmium chloride (CdC12 ) 

Cadmium sulfate (CdSOd 
Cobalt (II) chloride (CoC12 ) 

Cobalt (II) sulfate (CoS04 ) 

Chromium trioxide (Cr03 ) 

Copper (II) chloride (CuC12 } 

Copper (II) sulfate (CuS04 ) 

Nickel chloride (NiC12 ) 

Nickel sulfate (NiSOd 
Lead chloride (PbC1 2 ) 

Lead sulfate (PbS04 } 

Antimony trichloride (SbC1 3 ) 

Thorium sulfate [Th (SOd 2 ] 

Zinc chloride ( ZnC12 } 

Zinc sulfate (ZnSOd 

source: Lurie 1975. 
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Solubility (g) 
in 100 g of Water 

0.79 
2.04 

65.9 
2.2 

35.7 
3.89 

39.9 
6.5 X 10-3 

0.2036 
134.5 

76.9 
52.9 
36.3 

167.4 
72.7 
20.7 
55.3 
37.2 

0.99 
4.1 X 10-3 

931.5 
1.38 

367.3 
56.0 



Table S-4 

Solubility Product of Sparingly soluble compounds 

of Metals Detected at the Tonawanda site 

Page 1 of 2 

Compound 

Silver chloride (AgCl) 
Silver hydroxide (AgOH) 
Silver carbonate (Ag2C03 ) 

Silver dichromate (Ag2Cr20 7 ) 

Aluminum arsenate (A1As04 ) 

Barium arsenate [Ba3 (As04 )z] 
Barium carbonate (BaC03 ) 

Barium sulfate (BaS04 ) 

Beryllium hydroxide [Be (OH) 2 (Be2+ 1 20H-) 
(BeoH+ 1 OH-)] 

Calcium arsenate [Ca3 (AsOd 2 ] 

Calcium carbonate (CaC03 ) 

Calcium chromate (CaCr04 ) 

Calcium hydroxide [Ca(OH)z(Ca2+1 20H-) 
(CaOH+ 1 OH-)] 

Calcium sulfate (CaS04 ) 

Calcium sulfate (CaS03 ) 

Cadmium arsenate [Cd3 (As04)z] 
Cadmium carbonate (CdC03 ) 

Cadmium cyanide [Cd(CN) 2 ] 

Cadmium hydroxide [Cd(OH) 2 
(after aging)) 

Cadmium sulfide (CdS) 
Cadmium selenite (CdSe03 ) 

Cobalt (II) arsenate [Co3 (As04 )z] 
Cabal t carbonate ( CoC03 ) 

Cobalt (II) hydroxide [Co(OH) 2 blue] 
Chromium (II) hydroxide [Cr(OH) 2 ] 

Chromium (III) hydroxide [Cr(OH) 3 
( Cr3+ 1 3 OH-) ( CrOH2+ 1 20H-) ] 

Copper (I) bromide (CuBr) 
Copper (II) hydroxide [Cu(OH) 2 ] 

Copper (II) carbonate (CuC03 ) 

Copper chromate (CuCr04 ) 

Copper (II) sulfite (CuS03 ) 

Iron (III) arsenate (FeAs04 ) 

Iron (III) sulfate [Fe2 (S03 ) 3 ] 
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Solubility 
Product 

1. 78 X 10-10 

1. 6 X 10-8 

8. 2 X 10-12 

~ X 10-10 

1. 6 X 10-16 

7. 8 X 10-51 

5.~ X 10-9 

1.1 X 10-10 

6. 3 X 10-22 

2 X 10-14 

6. 8 X 10-19 

4. 8 X 10-9 

7.1 X 10-4 

5. 5 X 10-6 

1.4 X 10-4 

9.1 X 10-6 

4. 7 X 10-6 

2. 2 X 10-33 

5.2 X 10-10 

1. 0 X 10-8 

5. 9 X 10-15 

7. 9 X 10-27 

1.30 X 10-9 

7. 6 X 10-29 

1. 4 X 10-13 

6. 3 X 10-15 

1. 0 X 10-17 

6. 3 X 10-31 

6. 3 X 10-21 

5. 25 X 10-9 

2. 2 X 10-20 

2. 5 X 10-10 

3. 6 X 10-6 

2.1 X 10-8 

5. 8 X 10-21 

2 X 10-31 

pSP =-log SP 

9.75 
7.8 

11.09 
10 
15.80 
50.11 

8.29 
9.97 

21.2 
13.7 
18.17 

8.32 
3.15 
5.26 
3.86 
5.04 
5.53 

32.66 
11.3 
8.0 

14.23 

26.10 
8.89 

28.12 
12.84 
14.20 
17.0 
30.20 
20.20 
8.28 

19.66 
9.6 
5.44 
7.68 

20.24 
30.7 



Table S-4 

(continued) 

Page 2 of 2 

Compound 

Magnesium arsenate [Mg3 (As04 ) 2 ] 

Magnesium selenite (MgSe03 ) 

Manganese (II) arsenate [Mn3 (AsOd 2 ] 

Manganese (II) sulfite (MnS03 ) 

Nickel arsenate [Ni3 (AsOd 2 ] 

Nickel cyanide [Ni(CN) 2 ] 

Nickel (II) hydroxide [Ni(OH) 2 
(freshly-precipitated)] 

Nickel (II) hydroxide [Ni(OH) 2 
(after aging)] 

Lead chloride (PbC12 ) 

Lead carbonate (PbC03 ) 

Lead chromate (PbCr04 ) 

Lead hydroxide [Pb (OH)z (Pb2+, 20H-) 
(PbOH+, OH-)] 

Lead selenide (PbSe) 
Lead selenite (PbSe03 ) 

Lead selenate (PbSe04 ) 

Lead sulfate (PbS04 ) 

Radium nitrate [Ra(N03 )z] 
Radium sulfate (RaS04 ) 

Thorium hydroxide [Th(OH) 4 ] 

Thorium phosphate [Th3 (P04 ) 4 ] 

Thorium sulfate [Th(SOd 2 ] 

Uranyl oxalate (U02C20d 
Uranyl mono-h arsenate [U02HAs04 

(Uo~+, HAsot) J 
Uranyl s:edium arsenate (U02NaAs04 ) 

Uranyl hydroxide · [U02 (OH)z (Uo~+, 20H-)] 
Vanadium oxyhydroxide [VO(OH) 2 ] 

Vanadium pentoxide [V20 5 (vo;, OH-)] 
Zinc cyanide [Zn(CN) 2 ] 

Zinc carbonate (ZnC03 ) 

Zinc hydroxide [Zn(OH)z(Zn2+, 20H-) 
(ZnOH+, OH-)] 

Zinc selenite (ZnSe03 ) 

Source: Lurie 1975. 
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Solubility 
Product 

2.1 X 10-20 

1.3 X 10-5 

1.9 X 10-29 

1.26 X 10-7 

3.1 X 10-26 

3 X 10-23 

2.0 X 10-15 

6.3 X 10-18 

1.6 X 10-5 

7. 49 X 10-14 

1. 8 X 10-14 

1.1 X 10-20 

8. 7 X 10-14 

1 X 10-38 

3 X 10-12 

1.45 X 10-7 

1. 6 X 10-8 

6. 2 X 10-3 

4. 3 X 10-11 

3. 2 X 10-45 

2. 57 X 10-79 

4 X 10-3 

4 X 10-4 

3.2 X 10-11 

1. 3 X 10-22 

1 X 10-22 

7. 4 X 10-23 

1. 6 X 10-15 

2.6 X 10-13 

1.45 X 10-11 

7.1 X 10-18 

1. 8 X 10-13 

2. 57 X 10-7 

pSP =-log SP 

19.68 
4.89 

28.72 
6.9 

25.51 
22.5 
14.70 

17.20 

4.79 
13.13 
13.75 
19.96 
13.06 
38.0 
11.5 

6.84 
7.80 
2.21 

10.37 
44.5 
78.59 

2.4 
3.4 

10.50 

21.87 
22.0 
22.13 
14.8 
12.59 
10.84 
17.15 
12.75 
.6.59 



Table s-s 
Typical Distribution 

Coefficients for various Elements in 
Sand, soils, and Clays 

Distribution Coefficients 
Soils and 

Element Clays Sand 

Arsenic 3 0.3 
Barium 50 5 
Cadmium 7 0.7 
Chromium 4 0.4 
Cobalt 1,000 100 
Copper 20 2 
Fluorine 0 0 
Iron 1,000 100 
Lead 100 10 
Manganese 200 20 
Nickel 1,000 100 
Radium 70 7 
Selenium 3 0.3 
Silver 100 10 
Thorium 60,000 6,000 
Tritium 0 0 
Uranium 50 5 
Vanadium 1,000 100 
Zinc 20 2 

Source: Gilbert et al. 1989. 
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Table 5-6 

Molecular Weight, Solubility, Vapor Pressure, 

Henry's Constant, and K..., of Selected Organic Compounds 

Molecular Vapor Henry's 
Weight Solubility Pressure Constant 

Compound (gfrnol) (rng/L) (rnm Hg) a ( atm-m3 /mol) 

Acenaphthene 154 3.42E+OO l.SSE-03 9.20E-05 
Acenaphthylene 152 3.93E+OO 2.90E-02 1. 48E-03 
Acetone 58 l.OOE+06 2.70E+02 2.06E-05 
Anthracene 178 4.50E-02 1.95E-04 1.02E-03 
Benzene 78 1. 75E+03 9.52E+Ol 5.59E-03 
Benzo(b)fluoranthene 252 1.40E-02 S.OOE-07 1.19E-05 
Benz(a)anthracene 228 5.70E-03 2.20E-08 1.16E-06 
Benzo(a)pyrene 252 1.20E-03 5.60E-09 1.55E-06 
Benzo(ghi)perylene 276 7.00E-04 1.03E-10 5.34E-08 
Benzo(k)fluoranthene 252 4.30E-03 5.10E-07 3.94E-05 
Carbon tetrachloride 154 7.57E+02 9.00E+01 2.41E-02 
Chloroform 119 8.20E+03 1.51E+02 2.87E-03 
Chrysene 228 l.SOE-03 6.30E-09 1. 05E-06 
Dibenz(a,h)anthracene 278 5.00E-04 l.OOE-10 7.33E-08 
1,1-Dichloroethene 97 2.25E+03 6.00E+02 3.40E-02 
1,2-Dichloroethene 97 6.30E+03 3.24E+02 6.56E-03 

(trans) 
Fluoranthene 202 2.06E-01 5.00E-06 6.46E-06 
Fluorene 116 1.69E+OO 7.10E-04 6.42E-05 
Indeno(1,2,3-cd)pyrene 276 5.30E-04 l.OOE-10 6.86E-08 
Methyl chloride 50 6.50E+03 4.31E+03 4.40E-02 
Phenanthrene 178 l.OOE+OO 6.80E-04 1.59E-04 
Phenol 94 9.30E+04 3.41E-01 4.54E-07 
Pyrene 202 1.32E-01 2.50E-06 5.04E-06 
Tetrachloroethene 166 1. 50E+02 1. 78E+Ol 2.59E-02 
Toluene 92 5.3SE+02 2.81E+Ol 6.37E-03 
1,1,1-Trichloroethane 133 1.50E+03 1.23E+02 1.44E-02 
Trichloroethene 131 1.10E+03 5.79E+Ol 9.10E-03 
Vinyl chloride 63 2.67E+03 2.66E+03 8.19E-02 
Xylene (mixed) 106 1.98E+02 l.OOE+Ol 7.04E-03 

Source: EPA 1986. 

aHg - mercury. 

bK~ - Organic carbon-based water partition coefficient. 
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Kacb 
(rnl/g) 

4,600 
2,500 

2.2 
14,000 

83 
550,000 

1,380,000 
5,500,000 
1,600,000 

550,000 
110 

31 
200,000 

3,300,000 
65 
59 

38,000 
7,300 

1,600,000 
35 

14,000 
14.2 

38,000 
364 
300 
152 
126 

57 
240 



Table 5-7 

Diffusion coefficients of Selected organic Compounds 

Compound 

Acetone 
Anthracene 
Benzene 
Carbon tetrachloride 
Chloroform 
Tetrachloroethene 
Toluene 
Trichloroethene 
Vinyl chloride 
Xylene 

Source: EPA 1986. 

Molecular Weight 
(gjmol) 

58 
178 

78 
154 
120 
166 

92 
131 

63 
106 
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Diffusion 
(cm2 js) 

0.1093 
0.0421 
0.0923 
0.0845 
0.09404 
0.0785 
0.084 
0.086 
0.11375 
0.076 



Table s-a 
Estimated Half-Lives of Selected organic compounds 

in soils and Groundwater 

Molecular Half-life (days) 
Weight Soil Groundwater 

compound (g/mol) Low• High• Low• High• 

Acenaphthene 154 12 102 25 
Acenaphthylene 152 43 60 85 
Acetone 58 1 7 2 
Anthracene 178 50 460 100 
Benzene 78 5 10 10 
Benzo(b)f1uoranthene 252 360 610 720 
Benz(a)anthracene 228 102 680 204 
Benzo(a)pyrene 252 57 530 114 
Benzo(ghi)perylene 276 590 650 1,170 
Benzo(k)fluoranthene 252 910 2,140 1,820 
Carbon tetrachloride 154 180 360 7 
Chloroform 119 28 180 56 
Chrysene 228 371 993 745 
Dibenz(a,h)anthracene 278 361 940 722 
1,1-Dichloroethene 97 28 180 56 
1,2-Dichloroethene 97 28 180 56 

(trans) 
Fluoranthene 202 140 440 280 
Fluorene 116 32 60 64 
Indeno(1,2,3-cd)pyrene 276 600 730 1,200 
Phenanthrene 178 16 200 32 
Phenol 94 1 10 0.5 
Pyrene 202 210 1,900 420 
Tetrachloroethane 166 180 360 360 
Toluene 92 4 22 7 
1,1,1-Trichloroethane 133 140 273 140 
Trichloroethane 131 180 360 321 
Vinyl chloride 63 28 180 56 
Xylene (mixed) 106 7 28 14 

Source: Howard et al. 1991. 

•The low and high half-life values were generally derived from the range of 
degradation rates of the predominant process (biodegradation/hydrolysis) 
likely to be occurring. 
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204 
120 

14 
920 
720 

1,220 
1,360 
1,060 
1,315 
4,270 

360 
1,825 
2,000 
1,880 

132 
2,875 

880 
120 

1,460 
400 

7 
3,800 

720 
28 

546 
1,643 
2,850 

360 



Table S-9 

Transport Velocities of Metals in the Vadose zone 

contaminant 

Uranium 
Thorium 
Radium 

Silver 
Arsenic 
Boron 
Barium 
Beryllium 
Cadmium 
Cobalt 
Chromium 
Copper 
Molybdenum 
Nickel 
Lead 
Antimony 
Selenium 
Thallium 
Vanadium 
Zinc 

Distribution 
Coefficients8 

50 
60,000 

70 

100 
3 

3c 
50 

650c 
4 

1,000 
4 

20 
20c 

1,000 
100 
45c 

3 
1, 5ooc 
1,000 

20 

Retardation 
Factor 

226 
270,001 

316 

451 
14.5 
14.5 

226 
2,926 

19 
4,501 

19 
91 
91 

4,501 
451 
203.5 
14.5 

6,751 
4,501 

91 

Velocity of 
Contaminant (mjyr) 

(0.09)b 

0.000 
0.000 
0.000 

0.000 
0.006 
0.006 
0.000 
0.000 
0.005 
o.ooo 
0.005. 
0.001 
0.001 
0.000 
0.000 
0.000 
0.006 
0.000 
0.000 
0.001 

8Values for soil-clay matrix are from Table 5-5. 

~w (mjyr). 

cvalues for soil are from Baes et al. 1984. 
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Table s-10 

Transport Velocities of vocs in Vadose zone 

Contaminant 

Toluene 
Carbon tetrachloride 
Chloroform 
Ethylbenzene 
Chlorobenzene 
1,1-Dichloroethane 
1,1-Dichloroethena 
trans-1,2-Dichloroethene 
Trichloroethane 
Benzene 
Tetrachloroethene 
Total xylene 

Face 

300 
110 

31 
1,100 

330 
30 
65 
59 

126 
83 

364 
240 

0.005 

Retardation 
Factor 

7.75 
3.475 
1. 6975 

25.75 
8.425 
1.675 
2.4625 
2.3275 
3.835 
2.8675 
9.19 
6.4 

Velocity of 
Contaminant (mfyr) 

(0.09)b 

0.012 
0.026 
0.053 
0.003 
0.011 
0.054 
0.037 
0.039 
0.023 
0.031 
0.010 
0.014 

a~c - Organic carbon-based water partition coefficient; values are 
from Table 5-6. 

~w (mfyr). 

cFoc - Soil organic carbon content as mass fraction. 
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Contaminant 

Uranium 
Thorium 
Radium 

Silver 
Arsenic 
Boron 
Barium 

01 Beryllium I 
ol!» Cadmium 0'1 

Cobalt 
Chromium 
Copper 
Molybdenum 
Nickel 
Lead 
Antimony 
Selenium 
Thallium 
Vanadium 
Zinc 

BKd values for 

bKd values for 

cvw (mfyr) 

Table s-11 

Transport Velocities of Metals in Perched Zone 

Distribution 
Coefficient 

50 
60,000 

70 

100 
3 

3b 
50 

650b 
7 

1,000 
4 

20 
20b 

1,000 
100 
45b 

3 
1, 5oob 
1,000 

20 

Retardation 
Factor 

181 
216,001 

253 

361 
11.8 
11.8 

181 
2,341 

26.2 
3,601 

15.4 
73 
73 

3,601 
361 
163 

11.8 
5,401 
3,601 

73 

soil-clay matrix are from 

soil are from Baes et al. 

Linde 
( 33) c 

0.182 
0.000 
0.130 

0.091 
2.797 
2.797 
0.182 
0.014 
1.260 
0.009 
2.143 
0.452 
0.452 
0.009 
0.091 
0.202 
2.797 
0.006 
0.009 
0.452 

Table 5-5. 

1984. 

Velocity of Contaminants Cm/yrl 
Ashland 1 Ashland 2 

(8) 0 (40) 0 

0.044 0.221 
0.000 0.000 
0.032 0.158 

0.022 0.111 
0.678 3.390 
0.678 3.390 
0.044 0.221 
0.003 0.017 
0.305 1.527 
0.002 0.011 
0.519 2.597 
0.110 0.548 
0.110 0.548 
0.002 0.011 
0.022 0.111 
0.049 0.245 
0.678 3.390 
0.001 0.007 
0.002 0.011 
0.110 0.548 

Seaway 
(320) 0 

1.768 
0.001 
1.265 

0.886 
27.119 
27.119 
1.768 
0.137 

12.214 
0.089 

20.779 
4.384 
4.384 
0.089 
0.886 
1.963 

27.119 
0.059 
0.089 
4.384 



Table s-12 

Transport Velocities of vocs in Perched zone 

vc (m[yr) 
Retardation Linde Ashland 1 Ashland 2 Seaway 

Contaminants Kaca Factor ( 33) b (8)b ( 40) b ( 320) b 

Toluene 300 55 0.600 0.145 0.727 5.818 
Carbon tetrachloride 110 20.8 1.587 0.385 1.923 15.385 
Chloroform 31 6.58 5.015 1.216 6.079 48.632 
Ethylbenzene 1,100 199 0.166 0.040 0.201 1.608 
Chlorobenzene 330 60.4 0.546 0.132 0.662 5.298 
1,1-Dichloroethane 30 6.4 5.156 1.250 6.250 50.000 
1,1-Dichloroethene 65 12.7 2.598 0.630 3.150 25.197 
trans-1,2-Dichloroethene 59 11.62 2.840 0.688 3.442 27.539 

l11 Trichloroethene 126 23.68 1.394 0.338 1. 689 13.514 
I Benzene 83 15.94 2.070 Q.502 2.509 20.075 ,a:. 
-J Tetrachloroethene 364 66.52 0.496 0.120 0.601 4.811 

Total xylene 240 44.2 0.747 0.181 0.905 7.240 

8 Kac - organic carbon-based water partition coefficient; values are from Table 5-6. 

~w (mfyr) 







6.0 BASELINE RISK ASSESSMENT 

This section summarizes the baseline risk assessment that was 

prepared as part of the RI/FS-EIS process being conducted for the 

Tonawanda site (SAIC 1992a). The baseline risk assessment report 

is available as a separate document. 

6.1 INTRODUCTION 

A baseline risk assessment was prepared to evaluate risk to 

human health and the environment from the radioactive and chemical 

contaminants present at the Tonawanda properties. The baseline 

risk assessment assumes that no remedial action will be conducted 

and serves as a baseline for evaluating available remedies. 

During the RI phase of.the CERCLA/NEPA process, multi-media 

samples were collected for radiological and chemical analyses from 

a number of locations throughout the Tonawanda site and its 

vicinity: from areas later determined to be contaminated by 

MED-related wastes and from areas not impacted by MED-related 

sources. Data used in the baseline risk assessment include results 

of site-wide sampling. Therefore, the assessment includes, in 

part, risks in site areas not impacted by MED-related sources. DOE 

has no authority to identify or clean up areas not impacted by 

MED-related sources; the presentation of risks in the baseline risk 

assessment should not be interpreted as indicating DOE 

responsibility for remediation of these areas. 

Estimates are presented for the expected (i.e., mean) and 

reasonable maximum exposure (RME) incremental risk levels for human 

receptors in current and future land use scenarios. The approach 

used for the human risk evaluation for the Tonawanda baseline risk 

assessment is based on EPA risk assessment guidance. In addition 

to the human health risk evaluation, the baseline risk assessment 

includes an ecological risk-assessment (ERA). 
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6.2 CONTAMINANTS OF CONCERN 

6.2.1 Radiological Data 

Data from prior radiation surveys, the site characterization, 
and the RI were reviewed and used to determine the contaminants of 
concern (COCs) for detailed evaluation in the subsequent exposure 

assessment and risk characterization. 
Data from surface and subsurface soil, groundwater and surface 

water, and sediment investigations were analyzed to identify 
potential radiological cocs. Radionuclides were selected as cocs 
if the mean of detected concentrations was twice the mean 
background concentration for that radionuclide. The radiological 

COCs selected for the risk assessment are thorium-230, uranium-238, 
radium-226, and their associated decay products (including radon). 
Although thorium-232 in soil was not identified as a coc, it was 
included in the assessment. 

6.2.2 Chemical Data 

Chemical data were evaluated on the basis of sample 
quantitation limits, laboratory qualifiers and codes, and blanks. 
coc screening criteria for chemicals consisted of comparison with 
background concentrations, comparison to sample quantitation 

limits, and frequency of detection. Chemicals were selected as 
COCs if the mean concentration of the sample population exceeded 
twice the mean background concentration and if the frequency of 
detection warranted inclusion under the coc screening criteria. 
The final list of cocs utilized for calculating human health risk 
is composed of those chemicals that remained after application of 
the screening criteria and for which appropriate toxicity factors 

were available. The chemical COCs included for evaluation in the 
quantitative risk assessment are metals, VOCs, and BNAEs. 
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6.3 EXPOSURE ASSESSMENT 

In the exposure assessment, a detailed evaluation of each 

property was completed to identify and characterize contaminant 

sources and release mechanisms, transport media, exposure points, 

exposure routes, and human receptors. Human receptors included 

employees and transients. Exposure scenarios were considered based 

on current and future land use. In the future scenarios, land use 

could remain as it is now or could change to a plausible land use, 

(e.g., it could be converted to industrial property). 

Conceptual site models identifying primary contaminant sources, 

contaminant release mechanisms, exposure pathways, and receptors 

were determined for radionuclides and chemicals for use in the 

quantitative health risk assessment. This was accomplished by 

using measurements for media in an area where receptors may come in 

contact with the contamination, and by using onsite measurements 

taken with radiation detection instruments that directly measure 

radiation exposure rate. Where measured radiation exposure rates 

were not available, the exposure was modeled on measured 

radionuclide concentrations in soil. The RESRAD computer code was 

used to model radiological exposure rates and doses. 

Inhalation of radon progeny was estimated either by using 

United Nations Scientific Committee on the Effects of Atomic 

Radiation methodology, the RESRAD computer code, or by direct 

measurement using specific detection equipment. Annual dose for 

the specific scenarios ranged from 0.0004 to 7.8 mremjyr. 

Chemical intake estimates are based on EPA methodology. 

Exposure point concentrations used for chemical intake calculations 

were derived from measured surface soil, surface water, and 

sediment concentrations at the Tonawanda site. 

Estimates of radiological and chemical intake were made based 

on the measured or modelled exposure point concentrations and 

site-specific scenario assumptions. Two point estimates are 

presented for radiological dose and chemical intake: a mean dose 

estimate representing the most likely dose to a hypothetical 

receptor, and an RME calculated using 95 percent upper confidence 

limit values for the most sensitive calculation parameters. 
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For future and current use scenarios, radiation doses were 

estimated for inhalation of particulates and radon, ingestion of 

soil, and direct external exposure. Chemical intakes were 

calculated for soil ingestion, inhalation of soil particulates, arid 

ingestion of surface water and sediment. 

6.4 TOXICITY ASSESSMENT 

cancer and chemical toxicity are the two general endpoints for 

health effects from exposure to site contaminants. Cancer 

induction is the primary health effect associated with 

radionuclides at the site, and EPA classifies 18 of the chemical 

cocs as potential carcinogens. Three of the 18 are classified as 

Group A carcinogens, for which strong evidence exists for human 

carcinogenicity. Several toxic effects are linked with exposure to 

carcinogenic and noncarcinogenic contaminants. 

Potential risks from exposure to radioactive contaminants were 

estimated by using recommendations for the National Emission 

Standards for Hazardous Air Pollutants, Committee on the Biological 

Effects of Ionizing Radiation (BEIR) IV, and BEIR v. The potential 

for carcinogenic and noncarcinogenic effects of human exposure to 

chemicals was quantified using standard EPA slope factors and 

reference doses from EPA's Integrated Risk Information system, 

Health Effects Assessment summary Tables, and interim or 

provisional values from the EPA Superfund Health Risk Technical 

Support center. 

6.5 RISK CHARACTERIZATION 

Risk estimates are presented for current and future use 

scenarios for hypothetical human receptors at the Tonawanda site. 

Radiological and chemical risks are estimated separately. 

For the radiological assessment, risk is defined as the 

lifetime probability of cancer morbidity and does not include 

genetic or noncarcinogenic effects. cancer risk estimates and 

noncarcinogenic health risk estimates are presented for the 

chemical cocs where toxicity values are available. cancer risks 
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for both.radionuclides and-chemicals are estimated as the 
incremental probability of an individual developing cancer over a 
lifetime as a results of pathway-specific exposure to carcinogenic 

contaminants. The potential for noncarcinogenic effects from 
chemical exposures is evaluated by calculating the hazard quotient 
(HQ) for each coc. The HQ is the ratio of the calculated daily 

intake over the estimate of the daily exposure. HQs for each 
chemical coc are then summed to obtain a hazard index (HI) for the 

specific pathway. 

6.5.1 Radiologica~ Risk 

Employees in the current use scenarios at Linde subarea A may 
encounter mean risks of 1 x 10-4 and RME risks of 5 x 10-4

• Linde 

subarea B employees may encounter mean risks of 1 x 10-7
• Risks 

remain similar in the future. (The subareas assessed at the 
Tonawanda properties are described in detail in the baseline risk 
assessment report). 

Transients in the current use scenarios at the Ashland 1, 
Ashland 2, and Seaway properties may be exposed to mean risks of 
2 x 10-9 to 3 x 10-7 and RME risks of 1 x 10-5 to 7 x 10-4 • The 

transients in the future use scenario at Seaway subarea A may 
encounter a mean risk of 2 x 10-7 and an RME risk of 4 x 10-4 • 

6.5.2 Chemical Risk 

The principal carcinogenic risk at the Tonawanda site arises 
from soil ingestion by current and future employees at Linde. The 
highest risk is the RME value (9.6 x 10-5 ) for employees at Linde, 

~ssociated primarily with ingestion of arsenic. The carcinogenic 
risk associated with inhalation of particulates by employees is 
approximately one order of magnitude less than for ingestion (RME 
value of 7.8 x 10-6). Other pathways of exposure at Linde were 

considered incomplete. There is no groundwater use at the 
property, and future use of groundwater for potable supply is 

unlikely because of its quality in the region. 
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The potential for noncarcinogenic health effects is expressed 

as chemical-specific HQs. HQs are summed for each pathway to 

provide a total HI for the pathway. The calculated hazard indices 

for exposure pathways for all scenarios evaluated at Linde, 

Ashland 1, and Ashland 2 are less than 1. 

6.5.3 Uncertainties Related to Risk Estimates 

Uncertainties attributable to the numerous assumptions 

incorporated in the risk estimations are inherent in each step of 

the risk assessment process. A key factor affecting the exact 

identification of cocs for the Tonawanda site is associated with 

the limitations imposed by the available database. Limited 

toxicity data available for chemical contaminants prevented the 

calculation of risk for several chemical cocs. In addition, the 

COCs identified for the baseline risk assessment might include 

chemicals that contribute to overall site risk but are not 

necessarily attributable to past uranium processing activities at 

the site. 

Because of the inherent uncertainties in the risk assessment 

process, the results of the human health assessment presented in 

the baseline risk assessment should not be taken to represent 

absolute risk. Rather, estimated risks should be considered to 

represent the most important source of potential risk at the site, 

which, when identified, might be evaluated in more detail and 

mitigated appropriately during the remedial action process. 

6.6 ECOLOGICAL RISK ASSESSMENT 

The ERA for the Tonawanda baseline risk assessment follows 

EPA's general procedures for ecological assessments in the 

Superfund program. The characterization of habitats and biota at 

risk are semiqualitative, and the screening of contaminants and 

assessment of pote~tial impacts to biota are based on measured 

environmental concentrations of contaminants and toxicological 

effects reported in the literature. 
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The Tonawanda site is located in a highly modified, urban, 

industrial area. Linde, Ashland 1, and Seaway provide minimal 

urban wildlife habitat supporting only cosmopolitan species of 

birds and small mammals such as crows, gulls, and rats. Ashland 2 

supports a more diverse animal community because it contains a 

mosaic of vegetated habitat types including wetlands hydrologically 

connected to Rattlesnake and Twomile creeks and the Niagara River. 

Based on published aquatic and oral toxicity data and their 

mobility and persistence properties, 34 ecological cocs were 

identified: 3 radionuclides, 21 metals, 7 VOCS, and 3 ·semivolatile 

organics. The heavy metals, especially copper, lead, selenium, 
silver, vanadium, and zinc, in Tonawanda site soils and surface 

waters were the greatest source of nonradiological risk to 

terrestrial and aquatic populations exposed by ingestion of 

contaminants in soils and direct contact with contaminants in 

surface waters. ~he degree of risk from organic cocs could not be 

estimated without additional toxicity data. 
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7.0 SUMMARY AND CONCLUSIONS 

Section 7.1 summarizes activities conducted to meet each of the 

RI objectives identified for the Tonawanda site. Section 7.2 

summarizes the conclusions drawn from analyses of radiological, 

chemical, and hydrogeological data collected during the RI 

activities. The results of site hydrology, geology, hydrogeology, 

and ecology investigations are summarized in Section 7.3. 

Section 7.4 reviews the potential for contaminant migration. 

Sections 7.5 through 7.7 discuss the Tonawanda baseline risk 

assessment, data limitations and future work, and the objective of 

remedial action, respectively. 

7.1 COMPLETION OF THE REMEDIAL INVESTIGATION OBJECTIVES 

The first-phase objectives for Ashland 1, Ashland 2, and Linde 

were identified and documented in the characterization plan for the 

properties (BNI 1989a). The second-phase objectives were 

identified during development of the RI/FS-EIS WP-IP to enhance the 

information collected during the first phase of RI activities or 

were additional objectives identified after evaluation of the 

first-phase activities (BNI 1993a). Table 7-1 and the following 

sections summarize the results of these activities. 

7.1.1 Conduct a Topographical Features study 

This objective was completed during the first phase of the RI. 

The study consisted of examining site photographs and drawings to , 

gain information on waste burial areas, site surface features, 

offsite sources influencing sampling results, and potential surface 

drainage systems (see Section 3.1). The findings were used to 

appropriately plan RI field activities such as determining surface 

water, sediment, and soil sampling locat~ons. The results of this 

study are integrated in the appropriate discussions throughout the 

RI report. 
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7.1.2 Estimate the Areal Extent of the Wastes 

This objective was completed during the first phase of the RI. 

The investigation included three field activities to identify waste 
disposal areas. The first two activities were an electromagnetic 
conductivity survey (see Section 4.2.4) and a seismic refraction 

survey of Ashland 2 (BNI 1987). The third activity included 
walkover gamma radiation scans of the four properties (see 

appropriate subsection of Section 4.0). 

7.1.3 Identify Waste Transportation Routes 

This objective was completed during the first phase of the RI. 

Aerial photographs from 1951 through 1982 were examined to 
determine possible routes used to transport the processing waste 
from Linde to Ashland 1 between 1972 and 1976 and from Ashland 1 to 

Seaway and Ashland 2 between 1974 and 1982 (Figure 7-1). 

7.1.4 Determine the Horizontal and Vertical Boundaries of 
Contamination 

This objective was completed during the first and second phases 

of the RI. The delineation was initiated during the first phase by 

conducting walkover gamma radiation scans and collecting surface 
and subsurface soil samples and subsurface gamma radiation logs. 
Refinement of the contamination boundaries was completed during the 

second phase using walkover gamma scans and surface and subsurface 

soil samples (see Sections 7.2.1 through 7.2.4 for a summary of 

results). 

7.1.5 Identify the co-occurrence of Hazardous Chemical 
Characteristics of the waste 

This objective was completed during the first and second phases 

of the RI. Soil samples were collected during both phases of work 

and analyzed for RCRA characteristics, as well as Target Compound 

List and Target Analyte List parameters. Only one area of the four 

properties was suspected of containing RCRA waste. Chromium 
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results from one sample at Ashland 1 failed the EP toxicity tests 

(see Section~ 4.2.2 and 7.2.2}; however, TCLP results from 
subsequent sampling in the area did not detect leachable chromium. 
The difference in first- and second-phase results may have resulted 
from the heterogeneous composition of the fill materials. 

7.1.6 Evaluate the co-Occurrence of Selected Radionuclides 

This objective was partially completed during th~ first phase 

of the RI. A Fisher exact probability test, detailed in the 

characterization plan (BNI 1987), was not deemed necessary because 
of advancements in analytical technology and a reduction in the 

cost of analyzing indicator radionuclides. The test was deleted 
from the scope of work. 

7.1.7 Evaluate the Viability of the Migration Pathways and 
Estimate contaminant concentrations 

This objective was completed during the first and second phases 
of the RI. The viability of the atmospheric migration pathway was 

investigated by reviewing published meteorological data for the 
Tonawanda area (see Section 5.0). No air samples were collected 
except .those required for health and safety purposes. 

The viability of surface water as a contaminant migration 
pathway was evaluated by collecting surface water and sediment 

samples from each of the surface water drainages near the 

contaminated areas (see Section 4.0). No flow measurements were 

collected because of intermittent flow in the primary drainage 
systems. 

The viability of groundwater as a contaminant migration pathway 

was evaluated by drilling geologic boreholes and monitoring wells, 

conducting permeability tests, and collecting soil and groundwater 

samples (see Sections 3.4 through 3.6 and 4.3). 
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7.1.8 Estimate the Magnitude of Migration Potential for Each 
Viable Pathway 

This objective was completed during the first and second phases 

of the RI. Data collected during the RI activities were used to 

gain an understanding of the migration potential for each viable 

pathway (see Section 5.0). Results indicate that the primary 

pathways for contaminant migration are surface water, sediment, and 

the perched groundwater system. Results also indicate that 

contaminant migration has occurred from Ashland 1 and Seaway Area A 

via the surface water and sediment system. 

7.1.9 survey surface water Drainage systems Used to Discharge 
Effluents at Linde 

This objective was completed during the first phase of the RI. 

Surface water and sediment samples were collected from Twomile 

Creek and the sanitary and storm sewers. Analyses of downstream 

sediment samples showed increased concentrations of non-MED-related 

metals and PAHs. These results were expected because of the nature 

of the constituents in the fill covering the Linde property. No 

MED-related contamination was located during the RI activities (see 

Sections 4.2.1 and 7.2.1). 

7.1.10 conduct a Well Canvass to Identify Potential Receptors 

The canvass activities included a literature search of the 

appropriate city, county, and state departments' records to 

determine well use in the area. Residential areas in the immediate 

vicinity were also canvassed. This objective was completed during 

the first phase of the RI. The well canvass showed that the 

salinity and high dissolved solids content of the groundwater 

prohibit its use for drinking without extensive treatment (see 

Section 3.7.8 and 4.3.1). The groundwater can be used, however, 

for industrial purposes that are not affected by the salinity and 

high dissolved solids content (e.g., industrial cooling water). 

During the well canvass, no privately owned groundwater wells were 

located within a 5-km (3-mi) radius of the properties. 
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7.1.11 Investigate the stratigraphy of the Properties 

This objective was completed during the first and second phases 
of the RI. During borehole drilling, a field geologist logged the 
soils to obtain information on the stratigraphy of the properties. 
Stratigraphy was found to be similar at each of the properties (see 

Sections 3.4 and 3.5). 

7.1.12 Quantify contaminant concentrations Near Injection Wells 
at Linde 

This objective was completed during the first and second phases 
of the RI. Two groundwater monitoring wells were installed near 
the injection wells at Linde (see Figure 2-20). Based on 
subsurface gamma log results, a bedrock core sample was collected 
from a borehole drilled near a set of injection wells. 
Radiological results indicated that uranium in particulate form is 
the primary radioactive contaminant in the deep subsurface soils; 
however, concentrations in the groundwater are below the DOE DCG. 
A groundwater sample indicated that sulfate, sodium, and chloride 
are also contaminants. 

7.1.13 Estimate the Nature and Extent of Contamination in 
Buildings at Linde 

This objective was completed during the first phase of the RI. 
The surveys were not intended to determine the absolute boundaries 
of radioactive contamination (see Sections 4.2.1 and 7.2.1). The 
investigations included collecting dust and dirt samples and 
measuring fixed and removable alpha and beta-gamma radiation. 
Walls, ceilings, floors, staircases, support structures, lights, 
heaters, fans, and other equipment were investigated. The primary 
contaminants in the four buildings surveyed are fixed and removable 
alpha and beta-gamma radioactivity and dust containing 
concentrations of uranium, radium-226, and thorium-230 above DOE 

remedial action guidelines. 
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7.1.14 survey storm and Sanitary sewers 

This objective was completed during the first phase of the RI. 

Sediment and surface water samples were collected from the sanitary 
and storm sewers. Although investigations conducted before the RI 

found radioactive contamination in the storm and sanitary sewers, 
no MED-related radioactive contamination was located (see 
Section 4.2.1). MED-related radioactive contamination was found in 
the sumps located in Building 30, the main processing building (see 
Section 4.2.1). 

7.1.15 Evaluate Decontamination Alternatives for the Contaminated 
structures at Linde 

This objective will be completed during development of the 
feasibility study for the Tonawanda site. 

7.1.16 Determine How Far Radioactive contamination Extends Beyond 
the Linde Fenceline to the Northeast 

This objective was completed during the second phase of the RI. 

Walkover gamma radiation scans and surface and subsurface soil 
sampling were conducted to delineate the boundaries of radioactive 
contamination (see Sections 4.2.1 and 7.2.1). RI results indicated 
that MED-related radioactive contamination extends onto the Conrail 
property adjacent to Linde and encompasses the railroad spur. 

7.1.17 Determine the Extent of Deep Subsurface Radioactive 
Contamination Near Old Injection Wells at Linde 

This objective was completed during the second phase of the RI. 

The investigation to determine the potential extent of radioactive 
contamination in the deep subsurface at Linde included: 
(1) boreholes drilled near a set of injection wells, (2) review of 
a historical investigation on the effluent injected, (3) a 
geological investigation, and (4) calculation of hydrogeological 
transport (see Section 7.2.1). The investigation determined that 
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the effluents appear to,have precipitated in the bedrock and 

aquifer soils beneath the Linde property (see Section 4.3.1). 

7.1.18 Locate (if Possible) and Evaluate Dredgings from Twomile 
creek 

To complete this objective, ORNL will survey the Town of 

Tonawanda landfill and collect core samples from Twomile Creek (see 

Section 7.6). 

7.1.19 Investigate the Potential Presence of a Subsurface vault 
containing Radioactive Material at Linde 

This objective was completed during the second phase of the RI. 

A GPR survey was conducted west of Building 73 at Linde to locate 

the potential presence of a subsurface vault. An anomalous area 

approximately 3 by 6 m (10 by 20 ft) was located approximately 

0.6 to 1.2 m (2 to 4 ft) below the surface. This area will be 

further investigated during remediation activities. 

7.1.20 Determine the Extent of Radioactive contamination in the 
Blast Wall Adjacent to Building 58 at Linde 

This objective was completed during the first and second phases 

of the RI. MED-related radioactive contamination is located in the 

northern end of the blast wall (see Section 7.2.1). 

7.1.21 Determine the Boundaries of the Radioactively contaminated 
Soil in the Bermed Area at Ashland 1 

This objective was completed during the first and second phases 

of the RI. Surface and subsurface soil samples were collected to 

delineate boundaries of MED-related radioactive contamination (see 

Section 7.2.2). The investigation determined that most of the 

soils in the bermed area are radioactively contaminated. 
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7.1.22 Determine the Extent of RCRA-Characteristic wastes in Soil 
at Ashland 1 

This objective was completed during the first and second phases 

of the RI. surface and.subsurface soil samples were collected to 

evaluate the potential for RCRA-characteristic waste. One sample 

collected during the first phase failed the EP toxicity test for 

chromium; sampling in the same area during the second phase of the 

RI did not indicate the presence of RCRA-characteristic waste (see 

Section 7.2.2). 

7.1.23 Refine the Boundaries of Radioactively contaminated Soil at 
Ashland 2 

This objective was completed during the first and second phases 

of the RI. Additional walkover gamma radiation scans were 

performed, surface and subsurface soil samples were collected, and 

subsurface gamma logs were taken to delineate boundaries of 

MED-related radioactive contamination (see Section 7.2.4). The 

radioactive contamination exists primarily between the two branches 

of Rattlesnake Creek (the area used for disposal of the soils from 

Ashland 1). 

7.1.24 Determine the Potential for RCRA-Characteristic Wastes in 
Soil at Ashland 2 

This objective was completed during the first and second phases 

of the RI. surface and subsurface soil samples were collected to 

evaluate the potential for RCRA-characteristic waste. Analytical 

results indicated that RCRA-characteristic wastes are not present 

(see Section 7.2.4). 

7.1.25 Refine the Boundaries of Radioactively Contaminated Soil 
in Areas A and D at seaway 

This objective was completed during the first and second phases 

of the RI. Walkover gamma radiation scans were performed, surface 

and subsurface soil samples were collected, and subsurface gamma 

radiation logs were taken to delineate boundaries of MED-related 
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radioactive contamination (see Section 7.2.3). RI activities 

showed that contamination extends from Area A onto the Niagara 

Mohawk property and that contamination in Area D is contiguous with 

the contaminated soils at Ashland 1. 

7.1.26 Determine the Potential for Migration of Radionuclides 
Within the seaway Landfill 

This objective was completed during the second phase of the RI. 

Three boreholes were drilled into the landfill to determine whether 

the water table in the Seaway landfill is in contact with the 

subsurface radioactive contamination and could cause radioactive 

contaminants to leach from the landfill material. The water table 

was not in contact with the subsurface MED-related radioactive 

contamination (see Section 7.2.3). RI results indicated that 

subsurface radioactive contaminants are not leaching, but metals 

and leachate salts are potentially infiltrating the RCP under the 
landfill. 

7.1.27 Determine the Potential for RCRA-Characteristic wastes in 
soil at seaway 

This objective was completed during the second phase of the RI. 

Soil samples were collected and analyzed for. RCRA characteristics. 

Analytical results did not indicate the presence of RCRA

characteristic wastes (see Section 7.2.3). 

7.1.28 Determine the Depth of Thorium-230 Contamination in Areas A 
and D at seaway 

This objective was completed during the first and second phases 

of the RI. Sampling results indicated that thorium-230 is the 

primary contaminant in Areas A and D. Thorium-230 in these areas 

occurs at the same depths as uranium-238 and radium-226 (see 
Section 7.2.3). 
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7.1.29 Deter-mine the Potential for Leachate Infiltration into 
the Reinforced concrete Pipe Under the seaway Landfill 

This objective was deleted from the RI activities.because the 
landfill owners plan to seal the pipe at both ends to prevent 
runoff onto Ashland 2 (see Section 7.6). 

7.1.30 Determine the Geotechnical Properties of the Seaway 
Landfill Extension 

This objective was completed during the second phase of the RI. 
Geotechnical soil samples were collected from four boreholes 
drilled on the Niagara Mohawk property east of Seaway (see 
Sections 3.4 and 3.5). The stratigraphy is similar to the other 
Tonawanda properties investigated. 

7.1.31 Collect Additional Information on surface water Hydrology 
for All Four Properties 

This objective was completed during the second phase of the RI. 
A surface water hydrological investigation identified drainage 
pathways, erosion and flood potential, and water balances on all 
four properties (see Section 3.3). A site walkover was conducted 

. to determine site drainage pathways. Literature searches were 
conducted to gather information on erosion, flood, and water 
balance modeling. 

7.2 NATURE AND EXTENT OF CONTAMINATION 

At the Tonawanda site, DOE is responsible for remediation of 
contaminants from MED uranium processing operations and chemical 
contaminants associated and commingled with the MED-related 
radioactive contamination. The following sections describe the 
origin, nature, and extent of contamination at the Tonawanda site. 
Because the investigation activities focused on determining the 
nature and extent of MED-related contamination, the following 
sections pertain to primarily MED-related contamination. Other 
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contamination found at the site is identified, but the extent of it 
was not delineated unless it was mixed with MED-related materials. 

7.2.1 Linde 

surface and Subsurface soils 

Origin and nature of MED-related contamination. surface and 

subsurface 
at Linde. 
originated 

soils are the major source of radioactive contamination 
The MED-related contamination in the surface soils 
from temporary storage and handling of filter cake and 

from overflow of effluent from the injection wells. During 
construction and renovation activities, surface soil contamination 
was redistributed into the subsurface soils. The primary 
constituents of interest from these activities are uranium, 
thorium-230, radium-226 1 and metals that were present in the filter 
cake (aluminum, barium, calcium, copper, iron, lead, magnesium, 
manganese, phosphorus, and vanadium), as well as calcium, chloride, 
iron, molybdenum, sodium, and sulfate that were present in the 
injected effluents. 

Identification of MED-related contamination. The natural soils 
at Linde were covered by a fill layer during construction of the 
Linde facility and subsequent renovations, ranging from o to 5.~ m 
(0 to 17ft), which appears to contain substantial quantities of 
slag and fly ash. Both of these materials are known to contain 
heavy metals at levels above those naturally occurring, and fly ash 

is also reported to contain radionuclides, including thorium-232 
(Lim 1979). Thorium-232 was not present in the MED ores; 
therefore, the presence of elevated thorium-232 in a sample may 
indicate the presence of fly ash. Because slag and fly ash in the 
soils at Linde may have influenced the results of the nature and 
extent investigation, methods were developed to differentiate the 
radionuclides and metals in MED-related materials from 
radionuclides and metals in the fill (i.e., slag and fly ash) 

material. 
An analysis was performed on the stage 1 filter cake (residues 

of the first filtration from the Moore filters) found at Ashland 1, 
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which indicated that elevated concentrations of copper, calcium, 

and manganese and low concentrations of vanadium and lead are 

characteristics of the residues (Aerospace 1981). Therefore, these 

constituents were considered indicators of MED stage 1 filter cake 

(see Table 4-1). 

Lead and vanadium are the only two metals present in the MED 

Stage 2 filter cake that are not commonly found in natural soils at 

Tonawanda (see Table 4-2). Therefore, these two cations were 

useful indicator parameters for identifying MED stage 2 filter 

cake. The data for metals and radionuclides reveal a direct 

correlation between elevated vanadium and lead concentrations and 

uranium-238, radium-226, and thorium-230 concentrations above DOE 

guidelines. 

Contamination of surface soils by processing effluent was 

identified by elevated radionuclide, sodium, and sulfate 

concentrations. Slag contains high concentrations of calcium and 

magnesium, and fly ash contains manganese and_ arsenic; therefore, 

these metals were used as source indicators. The borehole drill 

logs maintained by the field geologist detailed soil intervals 

containing slag, fly ash, and organics and were also used to 

identify sources of contamination. 

Extent of MED-related contamination. MED-related contamination 

was detected above DOE guidelines in four general areas at Linde 

(see Section 4.2.1). The areal extent has, for purposes of the RI, 

been roughly delineated (Figure 7-2). 

Area 1: 

Area 2: 

Area 1 is located in the northwestern corner of the main 

parking lot. The maximum depth of contamination is 1.2 m 

(4ft). Chemica~ data indicate that the contamination is 

from Stage 2 filter cake. The radioactive soils appear 

to have been used as a fill material to grade the parking 

lot. 

Area 2 is along the northern boundary of the property in 

the northeastern corner of the parking area. In the 

past, radioactive material from the windrows was moved to 

the pile beside the northern end of Building 90; the pile 
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Area 3: 

is known to be radioactively contaminated. The maximum 

depth of contamination [1.2 m (4ft)] in Area 2 is at the 

southern end of the pile. 

One sample collected in this area was analyzed for 

chemicals. The sample contained elevated concentrations 

of manganese, calcium, copper, and radionuclides that are 

characteristics of Stage 1 filter cake (see Table 4-1). 

Samples collected in this area indicate that the most 

likely location for MED-related material is in the area 

just south of the pile; the materials may be mixed with 

slag (see Section 4.2.1). 

Area 3, along the fenceline in the northeastern corner of 

the property, encompasses a spur of the railroad. During 

the years when uranium was being processed, uranium ore 

was transported to Linde on the conrail railroad spu~s, 

and solid processing residues were piled in the area 

north of Buildings 30, 38, 39, and 58. Before 

Building 90 was constructed, soil contaminated during MED 

operations was excavated from the construction area and 

placed in two windrows, one of which was. located between 

Buildings 73 and 73B and the property boundary (see 
Section 4.2.1). 

RI results indicate that radioactive contamination 

extends offsite (see Figure 7-2). Radioactive 

contamination west of the railroad spur is found at 

depths less than 1.2 m (4ft), and east of the spur at 

depths less than 0.6 m (2ft) (see Table 4-6). No soil 

samples were taken from directly beneath the railroad 

spur because an access agreement could not be obtained 

(see Section 4.2.1). 

Construction of Buildings 73 and 73B was completed before 

construction of Building 90 began; therefore, the 

residues placed in windrows along the eastern boundary of 
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Area 4: 

the property during construction of Building 90 could not 
have contaminated the area beneath Buildings 73 and 73B. 
Furthermore, no radioactive contamination was known to 
have been placed in the area before Buildings 73 and 73B 
were constructed. No samples were collected beneath the 
buildings because there is no historical evidence of 
radioactive contamination. However, one sampling 
location adjacent to Building 73 contains MED-related 
stage 2 filter cake (see Section 4.2.1). Radioactive 
contamination at this location may have resulted from 
spillage of residue during hauling operations, or it may 
have migrated (via erosion or stormwater runoff) while 
the residues were piled in the area north of 
Buildings 30, 38, 39, and 58. 

Area 4 is around Buildings 38 and 58 and in and around 
Building 30 (see Figure 7-2). MED-related contamination 
in Area 4 is primarily found beneath Building 30 (the 
main uranium processing building) to a depth of 1.2 m 
(4ft). Samples collected from a borehole inside 
Building 30 indicate the presence of materials found in 
Stage 2 filter cake. The radioactive contamination in 
B29R36 was extended to 2.7 m (9 ft) when PVC piping was 
placed in the borehole to allow subsurface gamma 
radiation logging. 

The soil and timber blast wall connected to Building 58 
was sampled during the RI. Radioactive contamination is 
located in the northern end of the blast wall and extends 
to a depth of 1.8 m (6ft) (see Figure 4-5). No 
radioactive contamination was detected in the southern 
end of the wall. 

In general, the depth of MED-related contamination across the 
property is the same as that for the identifiable fill materials 
[approximately 1.2 m (4ft)]. The maximum depth of radioactive 
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contamination at Linde [2.7 m (9ft)] is in Area 4 beneath 

Building 30. 
organics. vocs and BNAEs were detected at several locations at 

Linde. Primarily, the BNAEs were PAHs, whose presence in the soils 

can be linked with vehicular traffic and waste oils. Because of 

the distribution pattern and depths of these PAHs, it can be 

concluded that they were released less than 50 years ago and, 

hence, are not MED related (see Section 4.2.1). 

The VOCs fall into two broad classifications: toluene and 

chlorinated aliphatics. Toluene was detected throughout the 

facility in the n~ar-surface soils with a migration pattern of high 

to low concentrations, indicating very recent deposition with 

limited depth penetration. Biodegradation and volatilization would 

have removed near-surface toluene that was released 50 years ago; 

therefore, it is not considered to be a MED-related chemical. The 

chlorinated aliphatics, or degreasers, on the other hand, have a 

distribution pattern of low to high concentrations, indicating an 
earlier release or a subsurface source. Degreasers are used during 

general plant operations at Linde and, because they are not 

particularly biodegradable, can be long lived. Degreasers found on 

the property may have resulted from MED activities, or they may 

have been used during normal operations.at Linde since 1946; 

degreasers found in open areas subject to weathering are believed 

to have been released recently. 

surface Water and sediments 

Results of the offsite RI sampling indicated only one organic 

in the surface waters, and downstream radionuclide concentrations 

were at or below background for surface water and sediment (see 
Tables 4-17 and 4-18). 

Toluene and PAHs detected in downstream sediments are either 

from the presence of organics recently deposited in the Linde 

surface soils or from another source that is contributing 

constituents via runoff into the creek. These organics are not 

related to MED activities. 
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Concentrations of heavy metals in downstream sediments and 
surface waters are slightly higher than those upstream (see 
Tables 4-19 and 4-20), but the sediment concentrations are within 
background values determined for Tonawanda soils. Tonawanda soil 
values are used as background because TWomile creek originates in 
Tonawanda and, given the nature of the fill overlying the Linde 
property, it is expected that the sediments and surface waters 
immediately downstream would be affected by runoff from the 
property (see Section 4.2.1). 

Onsite locations sampled as potential sources of contamination 
in offsite surface water and sediment included sumps, storm drains, 
and sanitary sewers. The results of the RI and prior 
investigations indicate elevated concentrations of radionuclides in 
portions of the sumps, storm drains, and sewer system (see 
Table 1-2). 

The results of chemical analyses indicate that slag-rich 
sediments contaminated with PAHs, degreasers, gasoline, .and heavy 
metals are also present in the onsite drainage systems. These 
constituents are associated with facility vehicular traffic, daily 
operations, and onsite fill material. Analytical results for 
organics in onsite surface water were similar to analytical results 
for the more.soluble constituents detected in the sediments; 
chlorinated aliphatics (i.e., degreasers) and toluene were the 
primary organics detected. 

Deep Subsurface 

origin and nature of KED-related contamination. Approximately 
208 million L (55 million gal) of waste effluent, containing 
5,410 kg (11,900 lb) of dissolved uranium oxide, was injected into 
the subsurface through seven wells over a period of three years at 
Linde. This liquid effluent was injected at a temperature of 
approximately 60°C (140°F) and contained primarily ions of sodium, 
sulfate, sodium carbonate, sodium bicarbonate, and chloride. Minor 
concentrations of vanadium, cobalt, nickel, molybdenum, uranium, 
and radium were also present. This liquid had a high pH (greater 
than 10) and a high (greater than 20,000 ppm) concentration of 
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total dissolved solids. water in the bedrock units contains 

significantly lower concentrations of the major ions and total 

dissolved solids; it has a near-neutral pH (7.0 to 7.5) and a 

temperature of 12°C (54°F) (see Section 4.3). 
The waste effluent was injected into the subsurface at depths 

ranging from 27 to 46 m (90 to 150ft). Problems with well 

clogging and fluid refusal were reportedly common during the 

injection process. These problems are interpreted to have been 

caused by the formation of precipitates in the bedrock fractures 

and pore spaces of the sediments. The precipitates were formed 

when heated, high-pH effluent containing dissolved solids became 

mixed with the natural formation water, resulting in the 

stabilization by precipitation of most of the dissolved metals 

(including uranium and radium) from solution. The precipitates 

consisted mainly of sulfate- and carbonate-rich minerals of the 
various metals. Based on present information, the subsurface 

radioactive contamination probably occurs as minor percentages of 

uranyl sulfates and carbonates precipitated in the fractures and 

pore space of the Salina Group shale. 

Identification of MED-related contamination. Bedrock. To 

investigate the potential for radioactive materials in the deep 

subsurface, two boreholes (LIWR0#1 and LIWR0#2) were advanced in 

the vicinity of B29W10D and the three injection wells (see 

Section 4.2.1). 

While LIWR0#1 was being drilled into bedrock within 0.3 m 

(1 ft) of an injection well, the nearby injection wells reacted to 

the drilling water circulation. The activity ceased when drilling 

stopped, which indicates that a hydraulic connection exists between 

the injection wells and LIWR0#1. A subsurface gamma radiation log 

(see Table 4-13), gamma scanning of the core material (see 

Table 4-14}, and a core sample collected at 30m (100ft) showed 

radioactivity exceeding background, uranium-238 above DOE 
guidelines, and a visible layer of yellow material within a small 

fracture zone. 
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LIWR0#2, approximately 3.3 m (11 ft) from LIWR0#1, showed no 

evidence of hydraulic connection with the injection wells, nor did 

the subsurface gamma log or scanning of the core material indicate 

radioactivity. 

Groundwater. Analytical results for groundwater samples 

collected at Linde indicate that elevated concentrations of 

chloride, sodium, and sulfate and elevated pH are present in the 

formation fluids underlying the property. These results indicate 

that the composition of groundwater at Linde is similar to that of 

the injected effluents (see Section 4.3). 

Extent of MED-re1ated contamination. During the injection 

procedure, the liquid effluent was either injected into the 

contact-zone aquifer, or it moved into the upper part of the 

bedrock unit (fractured and highly weathered shales of the Salina 

Group) and up the annular spaces around the well casings into the 

contact zone overlying the bedrock surface. Assuming that the 

fluid entered a 6-m-(20-ft-) high interval of the contact zone 

having an average porosity of 10 percent, the area of impact would 

have been approximately 34 ha (84 acres). The assumption of 

10 percent for storage volume (porosity) is very conservative: 

glacial tills and sands commonly have porosities in the range of 

20 to 30 percent. If a higher porosity were assumed, the area of 

impact would be reduced accordingly. An elongated north-south low 

in the bedrock surface along the east-central part of the property 

parallels one of the primary fracture trends in the region. This 

feature may have influenced the shape of the plume and localized it 

under the east-central portion of the property. 

Regional data on groundwater flow in the Salina Group shale and 

limited data on water levels were used to estimate the local flow 

velocity (5.5 to 24 ft/yr). Thus, the injected fluid remains in 

the local area, having moved approximately 100 m (300 ft) since the 

time of injection (see Section 4.3). Using worst-case assumptions, 

the maximum area of impact may have been as large as 68 ha 

(168 acres), with lateral movement as much as 360m (1,200 ft). 
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contact-zone Aquifer 

Groundwater in the immediate vicinity of the property exhibits 

elevated concentrations of sodium, sulfate, and chlorides and has a 

higher pH (greater than 9) than the natural formation water (see 

Section 4.3). 

Subsurface Storage Vault 

Radioactive waste may be contained in a subsurface vault 4.6 m 

(15 ft) from Building 73. A 1946 drawing of the Linde property 

shows the approximate location of a "radioactive vault," and the 

area was identified during the RI as a data limitation needing 

further investigation (see Section 4.2.1). A copy of the pertinent 

portion of the 1946 drawing is shown in Figure 2-6. 

Results of the GPR investigation are presented graphically in 

Figure 7-3. The anomalous area is approximately 3 by 6 m (10 by 
20 ft) and is centered on station 1+30 north and 0+12 east. The 

data delineate a buried feature consistent with the location of the 

suspected buried vault. The top of the vault is believed to be 

0.6 to 1.2 m (2 to 4 ft) below ground surface. Walkover gamma 

radiation scans of this area do not indicate surface radioactive 
contamination. 

Appropriate investigation of the subsurface vault would require 

excavating it before attempting to determine its contents; an 

accidental breach of the vault during drilling could release any 

radioactive or mixed wastes contained inside it and would endanger 

the health and safety of the investigating personnel. 

Buildings 

origin and nature of MED-related contamination. The 

radioactive contamination in the four buildings at Linde originated 

from the uranium processing activities. Based on RI results, fixed 

and removable alpha and beta-gamma radioactivity and uranium-238, 

radium-226, and thorium-230 are the primary contaminants (see 

Section 4.2.1). 
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Extent of KED-related contamination. The objective of the RI 
surveys was to determine whether radioactive contamination existed 

but not to determine absolute boundaries. Data from the 

investigations are presented in Appendix A. 

Building 14: All readings that exceeded DOE guidelines were on the 

first floor, primarily in the center of the building 

where the tile and carpet had been removed 

(Figure 4-6). Tile and carpet on the second floor 
may be shielding contamination; therefore, additional 
readings will be taken after the tile and carpet are 

removed. 

Building 30: Radioactivity exceeding DOE guidelines was detected 

on the floor in the southern third of the building; 
on an interior wall in the northeastern section of 

the building; and in dust from rafters, vent fans, 
and an overhead crane (Figure 4-7). Dust samples 

contained uranium-238 (maximum 4,100 pCi/g), 
radium-226 (maximum 2,200 pCi/g), and thorium-230 
(maximum 3,800 pCi/g). 

Building 31: Only two fixed-point beta-gamma measurements on roof 

vents exceeded DOE guidelines: other areas were 
radiologically clean (Figures 4-8 and 4-9) . 

Building 38: Fixed radioactive contamination exceeding DOE 

guidelines was found on most surfaces in the building 

(e.g., floors, walls, ceiling beams, headers) 
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indicated uranium-238, radium-226, and thorium-230 
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7.2.2 Ashland 1 

surface and Subsurface soils 

Origin and nature of KED-related contamination. The 
radioactive contamination at Ashland 1 originated from the disposal 
of filter cake from the processing of American ores at Linde. The 

primary constituents of interest are uranium, thorium-230, 
radium-226, and metals present in the filter cake (aluminum, 
calcium, copper, iron, lead, magnesium, manganese, phosphorus, and 

vanadium). 
Identification of KED-related contamination. soil at Ashland 1 

is a bro~n, naturally occurring clay overlain by 0 to 2.1 m (0 to 
7 ft) of fill. This fill consists of varying degrees of slag, MED 

filter cake, disturbed clays, gravel, free oil, and other materials 
related to refinery operations. As with Linde, the presence of 
materials other than the MED filter cake complicated the evaluation 
of analytical results. These other materials may contain elevated 

levels of metals from slag (calcium, magnesium, manganese, and 
iron) and oil refinery wastes (arsenic, chromium, and lead) and 

organics from oil refinery wastes and accidental releases. The 
Ashland 1 fill does not contain a large quantity of fly ash. 

Extent of MED-related contamination. Analytical results for 
the soil investigation at Ashland 1 indicate that MED-related 

radioactive materials and characteristic MED metals are found 

across most of the property (Figure 7-4). The greatest depth of 

suspected contamination was found in borehole B03R42A at 4.5 m 
(15ft), but it is suspected that contamination was introduced to 

that depth when a PVC pipe was installed in the borehole to allow 
gamma-logging; no other boreholes show radioactive contamination 

below 3.3 m (11ft). 

Radioactive contamination in the soils extends north and west 

of the Ashland 1 property. The contaminated areas west of 

Ashland 1 are in and along a drainage ditch that transports 

stormwater runoff toward Seaway. The depth of contamination in the 

ditch varies from 0.15 to 1.8 m (0.5 to 6ft). Contamination in 

these areas may have been deposited during construction of the 
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berms and ditch. The contaminated areas north of Ashland 1 are in 

a!ld along a drainage ditch and extend onto Seaway Area D. The 

depth of contamination varies from 0.15 to 0.3 m (0.5 to 1ft). 

RCRA-hazardous waste characteristics. One sample (location 

B03R33) failed the EP toxicity test for chromium, had a total 

chromium value of 812 ppm, and contained stage 2 filter cake (see 

Section 4.2.2). The analytical results, nature of the filter cake, 

and boring log indicate that the sample is a mixture of MED filter 

cake and another waste stream (e.g., oil) that contains soluble 

forms of chromium. The conclusion that the chromium is from 

another waste stream is supported by metals data, which show that 

heavy metals have not leached out of the areas containing filter 

cake (see Table 4-28). 

Second-phase sampling and TCLP testing of soils around location 

B03R33 did not detect the presence of leachable chromium. Although 

the soluble chromium is not MED related and was not detected in the 

second-phase investigation, soluble chromium may be mixed with MED 

filter cake; therefore, during remediation this area may require 

treatment as an area of RCRA-characteristic and radioactive mixed 

waste. 

Organics. The property has considerable PAH contamination in 

the shallow soils [0 to 1.8 m (0 to 6ft)] because of the disposal 

or release of petroleum derivatives. The organics are sometimes 

mixed with the MED-related materials, but they were not derived 

from MED-related processing and were not disposed of at the same 

time. Methylene chloride was detected in ppm concentrations at the 

same intervals in B03R033 and B03R040, which are approximately 

106 m (350 ft) apart. Although it is located with MED filter cake, 

the distribution of the methylene chloride (found in only one 

subsurface interval) suggests a buried source unrelated to MED 

activities (see Section 4.2.2). 

surface Water and Sediments 

The RI results are in general agreement with earlier studies 

that show moderate surface water degradation from organics, which 

is probably attributable to refinery operations. Sediments on the 

503_0065 (12/28/92) 7-22 



northern side of Ashland 1 are contaminated with heavy metals and 

radionuclides that are primarily MED related; sediments on the 

southern side of the property are contaminated with heavy metals 

that are primarily related to refinery operations (see 

Section 4.2.2). 
The drainage ditch from Ashland 1 shows MED-related radioactive 

contamination in the sediments (see Figure 7-4). The contamination 

resulted from runoff from Ashland 1 and activities during 

construction of the Ashland 1 bermed areas and drainage ditch. 

The radioactive contamination in the sediment at sampling 

location GS-6 is a potential source for transport of radioactive 

contamination to the Niagara River. The radioactive contamination 

in the ditch may have resulted from MED-related radioactive 

material at Seaway Area C washing down the slopes to the south, as 

indicated by the 1981 FBDU survey of the landfill (see 

Section 1.3.5). The extent of the contamination, both along the 

ditch and onto the Seaway property, has not been determined. 

Perched Groundwater System 

One well at Ashland 1 (B03W04) was completed in a thin sand 

lens at the base of approximately 3 m (10 ft) of fill material. 

Radionuclide concentrations recorded for samples collected in this 

well were above levels in the other wells but were considerably 

below DOE DCGs (see Section 4.3.2). 

semiconfined Shallow Groundwater system 

One of the shallow wells at Ashland 1 is completed in a zone 

similar to the silty sand lenses in the thick lake clay section 

encountered at Ashland 2. The other shallow well at Ashland 1 is 

completed in a sandy interval immediately underlying surface fill 

materials. Both wells show slightly elevated total uranium 

concentrations in comparison with the other Ashland wells, but the 

reported levels are an order of magnitude below DOE DCGs (see 
Section 4.3.2). 
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contact-zone Aquifer 

Nine deep wells have been sampled for radioactive contamination 

at Ashland 1 and Ashland 2, and four deep wells at Ashland 2 South 

have been sampled for chemical contaminants (inorganics and 

organics). Although radioactive and chemical contaminant 

concentrations were at or very near background levels and well 

below DOE DCG levels, monitoring wells were not adequately 

developed and purged (see Section 4.3.2). To determine the 

validity of the original data, validation samples were collected in 

late 1992. The results will be included in a technical memorandum 

to be issued later. 

7.2.3 Seaway 

surface and Subsurface Soils 

Origin and nature of MED-related contamination. The 

radioactive contamination at Seaway originated from the disposal of 

the American ore filter cake at Ashland 1 and subsequent 

excavation, transportation, and disposal at Seaway. The primary 

constituents of interest are uranium, thorium-230; radium-226, and 

metals present in the filter cake (aluminum, calcium, copper, iron, 

lead, magnesium, manganese, phosphorus, and vanadium) • 

Extent of MED-related contamination. Radioactive contamination 

has been identified in four areas at Seaway property (see 

Figure 7-4). 

Area A. Area A is primarily on the Seaway property but also 

extends north, via a drainage ditch, onto the Niagara Mohawk 

property. The maximum depth of onsite contamination is 2.4 m 

(8ft) and of offsite contamination is 0.15 m (6 in.). 

Areas B and c. Areas B and C were investigated before 1988 

(see Section 1.3.5). The contamination is covered by up to 12m 

(40 ft) of landfill materials. 
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Area D. The radioactive contamination in Area D is contiguous 

with the contamination identified at Ashland 1 (see Figure 7-4). 
The depth of contamination varies from 0.15 m (6 in.) to 0.3 m 

(12 in.). 
RCRA-characteristic waste. Concentrations of all parameters 

were below regulatory criteria, indicating that the areas sampled 

do not contain RCRA-characteristic wastes (see Section 4.2.3). 

surface waters and sediments 

The RI results for Seaway indicate that there is some 
degradation of the surface water leaving the property (see 

Section 4.2.3). The constituents of interest in surface water are 
uranium-238 and common leachate salts. Sediments immediately 

downstream of Area A show MED-related radioactive contamination 
(see Figure 7-4). 

The sampling results do not readily indicate whether any trace 
metals are infiltrating into the RCP from the Seaway landfill. 
Based on data for upstream sampling locations, the most likely 

sources are runoff from Seaway, Ashland 1, and the Ashland Oil 

refinery into a common drainage ditch system. 

7.2.4 Ashland 2 

surface and Subsurface Soils 

Origin and nature of MED-related contamination. The 

radioactive contamination at Ashland 2 originated from the disposal 
of the American ore filter cake at Ashland 1 and subsequent 

excavation, transportation, and disposal of the filter cake at 

Ashland 2. The primary constituents of interest are uranium, 

thorium-230, radium-226, and metals present in the filter cake 
(aluminum, calcium, copper, iron, lead, magnesium, manganese, 

phosphorus, and vanadium). 

Extent of KED-related contamination. Analytical results of the 

soil investigation at Ashland 2 indicate that the MED-related 

radioactive contamination and associated heavy metals are generally 
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confined to the area between the two primary drainage ditches 

(i.e., the two branches of Rattlesnake creek) and the access road; 

minor amou;:ts occur along the flood plains of the drainage ditches 

(see Figure 7-4). The maximum depth of contamination at Ashland 2 

[2.7 m (9 ft)] is in the area between the two drainage ditches. 

smaller areas located throughout the property have shallower 

contamination, typically 0.15 to 1.5 m (0.5 to 5 ft). The highest 

concentrations occur in the center of the large contaminated area, 

primarily in the top 1.5 m (5 ft) of soil. 

The radioactive material is mixed in varying degrees with 

refinery wastes (both organic and inorganic). 

Analytical results for soils at Ashland 2 South showed no areas 

containing radioactive contamination; results are summarized in 

Figure 7-4 (see Section 4.2.4 for discussion of this 

investigation). 

RCRA-hazardous waste characteristics. Samples tested for EP 

toxicity and TCLP were negative; the materials have not leached 

appreciably during the past 50 years (see Section 4.2.4). 

surface Waters and Sediments 

Ashland 2. Surface water entering Ashland 2 via Rattlesnake 

Creek could be contaminated with radionuclides and heavy metals in 

either the dissolved or suspended solids state. The sources of 

these contaminants are Ashland 1 (for the southern branch of 

Rattlesnake Creek) and Seaway (for the northern branch of 

Rattlesnake Creek). Sediments at Ashland 2 in general have levels 

of trace metals and radionuclides (primarily uranium-238 and 

thorium-230) that exceed background. Sediment samples taken 

_offsite and downstream from the property in Rattlesnake Creek also 

have evidence of low-level radionuclide and trace metal 

contamination. For example, the surface water sample taken from 

the offsite sampling location contained levels of uranium-238 

exceeding background. This may explain why the Ashland 2 disposal 

area has a different ratio of uranium-238 and thorium-230; it would 

appear that some dissolution of the uranium-238 is occurring (see 

Section 4.2.4). 
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Ashland 2 south. Two areas sampled at Ashland 2 South (GS-2 

and SP-12) showed evidence of radioactivity exceeding background 

levels that may be related to MED materials; the values are not 

above DOE guidelines. Radionuclide concentrations exceeding 
background at both locations probably resulted from stormwater 

runoff carrying radionuclides from the access road used to haul 

radioactive soil to Ashland 2 for disposal. 

7.2.5 Offsite surface Water and Sediment 

The results of surface water and sediment sampling at the mouth 
of Rattlesnake and Twomile creeks indicate that there are currently 

no radiological impacts on these areas (see Section 4.2.5). The 

sediments show some evidence of degradation from heavy metals that 

are common to refinery operations, MED activities, and runoff from 
urban streets. These findings are consistent with prior studies 
conducted in the same general area. 

MED-related radioactive contamination at SP-7 along the Niagara 

River may have been the result of contaminant migration via old 
drainage patterns from Seaway or spillage during the transfer of 

materials from Ashland 1 to Seaway and Ashland 2. 

7.3 SITE HYDROLOGY, HYDROGEOLOGY, AND ECOLOGY 

The following sections summarize the information presented in 

Section 3.3 for hydrology, Section 3.6 for hydrogeology, and 
Sections 3.3.6 and 3.8 for ecology. 

7.3.1 Site Hydrology 

Linde 

Linde is a heavily industrialized property, and most of the 

area is impervious to infiltration of runoff and soil erosion. All 

runoff from the property collects in the facility's storm sewer 

system and drains into Twomile creek (see Section 3.3). 
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Ashland 1 

The topography is flat except where the ground has been altered 
by construction activities. Drainage from the eastern section of 
the property is directed toward the ditch that runs along the 
boundary between Ashland 1 and Seaway. Drainage from the rest of 
the property is directed into a small ditch that runs northwest 
into the ditch along the boundary between Ashland and Seaway. 
There is little evidence of soil erosion, and sediments appear to. 
settle out in the ditches because of thick vegetation and low flow 
velocity (see section 3.3.3). Both ditches transport runoff to the 
Seaway RCP. 

Seaway 

Seaway is notable for its sharp relief compared with the 
surrounding area. The majority of the pile surface is bare, and 
both sheet and rill erosion occur. Runoff from Seaway is directed 
into drainage ditches along the northern and southern property 
boundaries. Most of the runoff is eventually directed into 
Rattlesnake Creek, but runoff from the western end of the southern 
slope is collected by a ditch and directed under River Road and 
into the Niagara River (see Section 3.3.3). 

Ashland 2 

Ashland 2 is primarily flat but has some small depressions. 
Three drainage channels carry runoff to either Twomile Creek or the 
Niagara River. Runoff from Ashland 2 South drains to Twomile Creek 
via an independent drainage ditch or into Rattlesnake Creek at the 
mouth of the RCP. The property is covered with grass and thick 
bushes that impede sediment transport in surface runoff. Most 
sediment that becomes suspended settles in the drainage channels 
because of thick vegetation and the low flow velocity (see 
Section 3.3.3). 
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7 ·• 3. 2 Site Hydrogeology 

Groundwater at the Tonawanda site has been observed in three 

distinct hydrogeologic systems: (1) a perched system, (2) a 

semiconfined shallow system at the Ashland/Seaway properties, and 

(3) a contact-zone aquifer at the contact between the basal 

unconsolidated materials and weathered bedrock. 

Perched system 

The perched system is conceptualized as a shallow and short 

flowpath system that allows subsurface movement of percolated water 

to the local surface drainage pathways and wetlands. The perched 

system occurs in surficial deposits that include alluvium deposited 

by surface drainage, fill materials, and the upper part of an 

underlying clay till. With the possible exception of groundwater 

in the alluvial deposits, site observations suggest that 

groundwater occurrence in the perched system is intermittent and 

associated with precipitation events. Because this system occurs 

at or near the land surface, evapotranspiration is another factor 

affecting groundwater occurrence. The top of the underlying clay 

till appears to influence the shape of the potentiometric surface 

of the perched zone and, hence, the groundwater flow in this 

system. Subsurface pending occurs in buried pits and filled 

foundations of buildings formerly located at Linde. Water trapped 

in these areas percolates downward very slowly because of the low 

permeability of the underlying clays (see Sections 3.3 and 3.6). 

Semiconfined Shallow System 

Wells completed at Ashland 2 and Ashland 2 South in what has 

historically been referred to as the shallow groundwater system are 

actually completed in silty sand lenses within the thick lake clay 

section (see Section 3.4). The system is considered to be 

semiconfined because it is surrounded by materials with lower 

hydraulic conductivity. Hydrograph performance showing very slow 

recoveries after drawdown confirm the isolated characteristic of 
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the zones. Because these silty sand lenses are interpreted to be 

effectively isolated from surface water infiltration and the 

infiltrating water is moving through a high sorption clay, downward 

migration of contaminants into these lenses is unlikely. 

Groundwater levels exhibited a typical seasonal response, with 

groundwater levels peaking in late spring, declining through summer 

and fall, and increasing in the winter. Conceptualization of flow 

in the shallow system suggests that groundwater flows through a 

series of hydraulically connected sand lenses, with recharge and 

discharge occurring in the uppermost sand lenses (see Section 3.6). 

contact-zone Aquifer 

The basal zone of the unconsolidated, glacial deposits and the 

fractured, upper layer of the Salina Group bedrock constitute the 

contact-zone aquifer. Bedrock, encountered at a depth of 24 to 

27 m (80 to 90 ft) is composed of fractured, highly weathered 

shale. The bedrock erosional surface is overlain by contact-zone 

glacial deposits, which are overlain by a thick [18 to 24 m (60 

to 80ft)] section of glacial lake clays. These clays, composed 

predominantly of low-permeability clay and silty clay with minor 

interbedded thin sand lenses, effectively isolate the contact-zone 

aquifer from surface water infiltration and thus preclude 

contamination of the deep aquifer system from surface sources (see 

Section 3.6). 

Contact-zone groundwater occurs under confined conditions, with 

recharge occurring east of Tonawanda and discharge occurring along 

the Niagara River in localities downstream of the Tonawanda site. 

The piezometric surface maps suggest a west to north-northwest flow 

direction for Seaway and the Ashland properties (see Figures 3-39 

through 3-42). 

7.~.3 Site Ecology 

Offsite habitats of the Twomile and Rattlesnake creeks 

watershed provide a locally unique ecological resource because of 

its accessibility to the public at Twomile Creek Park, Isle View 
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Park, and Sheridan Lake Park; its rarity in the intensively 
developed area; and its proximity to a major waterfowl wintering 

area. Onsite habitats, except for potential wetlands on Ashland 2, 

probably do not present a valuable biological resource (see 

Section 3.8). 
Rare plants that may occur on or near Twomile and Rattlesnake 

creeks (NYSDEC 1992e) include the stiff-leaved goldenrod (Solidago 

rigida) and calamint (Calamintha arkansana). 
The blue-spotted salamander (Ambystoma laterale), a species of 

special concern, is reportedly found in a small wetland near the 

Twomile Creek watershed (NYSDEC 1992a). 
Wetlands that may occur on the Tonawanda site are shown in 

Figure 7-5. These potential wetlands are the mapped area of hydric 

soils (one of three wetland characteristics) or the areas 
designated on the National Wetland Inventory (see Section 3.3.6). 

A wetland designation is scheduled to be conducted before 

remediation (see Section 7.4). 

Wildlife inhabiting and utilizing Sheridan Park Lake and biota 

in Rattlesnake Creek may be exposed to onsite contamination 

transported to these water bodies. Vegetated drainageways at Linde 

and Ashland 1 and wetlands at Ashland 2 may provide a toxicity 

hazard and pathway to resident and migrating wildlife in those 
habitats. 

7.4 FATE AND TRANSPORT OF CONTAMINANTS 

The primary pathway of surface soil contamination transport is 

via runoff to surface water and sediment systems. In the 

subsurface soils, the predominant flow and contaminant transport 

pathway is via the perched groundwater system to local ditches, 

creeks, and wetlands. The following sections briefly discuss the 

migration potential in various media. A detailed discussion is 

presented in Section 5.0. 
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7.4.1 Soils 

Samples from selected boreholes were analyzed for metals to 
determine whether heavy metals associated with the extraction 
process had migrated from, or remained with, the radionuclides. 
There is clear evidence that both the radionuclides and the heavy 
metals have remained immobilized (see discussions in Section 4.0). 
Analyses of samples from natural clays and soils beneath filter 
cake deposits do not indicate elevated concentrations of 
radionuclides or heavy metals. Hence, data for radionuclides, 
which are more easily detected than metals, can be used with some 
confidence to estimate the extent of MED-related materials. 

7.4.2 Groundwater 

Perched Groundwater System 

Subsurface soil contaminants are subject to transport by the 
perched groundwater flow. Metals and radionuclides are retarded by 
adsorption to the negatively charged surfaces of the clay, and 
organics will bind with the organic matter in the soils. The 
perched groundwater system flows horizontally at an average 
velocity of 25 mfyr (82 ft/yr) at Linde, 2.5 mfyr (8.2 ft/yr) at 
Ashland 1, 10 mfyr (32.8 ft/yr) at Ashland 2, and 100 mfyr 
(328 ft/yr) at Seaway. These flows discharge into the surface 
water drainage systems, but the overall contribution from perched 
groundwater to surface water contamination is much lower than that 
from stormwater runoff. 

The greatest potential for intermedia transfer of metals and 
radionuclides in soils to the surface waters and sediments via the 
perched groundwater occurs in the Ashland 2 wetland. The potential 
for transfer is increased because of the increased subsurface flow 
in the area and the proximity of the contaminated soil to the 
drainage systems. 

503_0065 (12/28/92) 7-32 



Semiconfined Shallow Groundwater System 

Contaminant retardation and low vertical recharge to 

groundwater, caused by low hydraulic conductivity, mitigate 

contaminant migration into the shallow aquifer. However, some of 

the "more soluble metals (e.g., molybdenum and zinc) and VOCs (e.g., 
toluene, chloroform, benzene, and degreasers) may penetrate deeper 

into the clay zone than other contaminants. 

The Ashland 2 shallow system discharges downstream of the 

property to Rattlesnake Creek through a series of hydraulically 

connected sand lenses. Because contaminants are not likely to 

reach the shallow system, and flow within the system is extremely 

low, the shallow system is not considered a contaminant migration 

pathway (see Section 3.6). 

Contact-Zone Aquifer 

The only source of MED-related contamination in the deep 

aquifer is the injected effluents at Linde. RI results indicate 

that only the most soluble metals (e.g., molybdenum) are in the 

groundwater. The radionuclides, especially uranium and thorium, 

are predominantly in the particulate phase or exist as uranyl 

sulfate or uranyl carbonate precipitates and are, therefore, 

presumed to be immobile. Additionally, the generally low 

permeability of the aquifer shale and low flow velocities preclude 

significant migration of the contaminants from the immediate area 

(see Sections 3.6 and 4.3). 

7.4.3 Surface Waters and Sediments 

Stormwater runoff is the predominant pathway for surface water 

contaminant transport, especially for metals and radionuclides. 

Large areas of the Tonawanda site have surface contamination, 

resulting in both dissolved and particulate contaminants being 

transported by runoff into the drainage ditches and creeks. 

Contaminants such as thorium-230, barium, lead, and arsenic are 

likely to be in the particulate phase and migrate as a result of 
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colloidal or fine particle transport. The more soluble 

contaminants with low distribution coefficients (e.g., cadmium, 

zinc, molybdenum, copper, and many VOCs) are transported partly in 

the dissolved phase. 

The contaminant concentrations in sediments decrease quickly 

with distance from the site. The waters in the drainage systems 

are usually slow moving, and the drainages contain vegetation that 

causes the colloidal particulates to settle out. Therefore, 

colloidal contaminants probably are not migrating far via surface 

waters. The vocs generally have low distribution coefficient 

values and will therefore have a short residence time in the 

sediments, eventually escaping into the water and air. 

Concentrations of dissolved VOCs in surface water also decrease by 

diffusion into the atmosphere. The concentrations of dissolved 

metals decrease mostly by dilution and removal through adsorption 

to suspended solids, which then settle out. 

Offsite migration of contaminants via surface waters and 

sediments occurs at Seaway and Ashland 1. The material in Area A 

at Seaway has a higher ratio of samples with elevated thorium-230 

concentrations coupled with low uranium-238 levels than does the 

material found at Linde or Ashland 1. surface water data indicated 

that these results reflect a weathering reaction that leads to 

preferential leaching of uranium-238. The radioactive 

contamination in Area A also shows evidence of migration, via the 

drainage ditch sediments, onto the Niagara Mohawk property (see 

Figure 7-4). Radiological results for sediments downstream of 

Ashland 1 indicate that radioactive contamination may be migrating 

off the property and into the drainage ditch (see Figure 7-4). 

7.4.4 Air 

Because of the low voc concentrations in the surface soils, 

these emissions are not expected to be significant. 

Radon-222 is produced by radioactive decay of radium-226. 

Emission of radon-222 may be a potential hazard in areas where 

radium-226 contamination is located on the ground surface (i.e., 

exposed so that radon emitted in gaseous form could migrate via the 
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atmosphere). Radon emitted beneath the ground surface would 

probably decay before reaching the atmosphere because radon is a 

heavy gas and has a short half-life (3.8 days). 

7.4.5 Buildings 

If activities conducted in Buildings 38 and 30 generate dust, 

resuspension of radioactive dust may become a contaminant migration 

pathway. Building 38 is presently used for storage, and 

Building 30 is used for shipping and receiving. Occupancy of both 

buildings is regulated by the New York State Department of Labor 

because of the residual radioactivity. 

7.5 BASELINE RISK ASSESSMENT 

The Tonawanda baseline risk assessment, which addresses 

potential impacts on human health and the environment posed by the 

presence of contamination at the Tonawanda site, is summarized in 

Section 6.0 and presented in a separate document. The baseline 

risk assessment, along with the RI and the FS-EIS (also presented 

in a separate document) will provide, after public and agency 

review, a basis for decision-making on remediation proposed for the 

Tonawanda site. 

7.6 DATA LIMITATIONS AND FUTURE WORK 

Post-RI data limitations and subsequent future work are 

discussed in the following sections and are summarized in 

Table 7-2. 

7.6.1 Data Limitations 

Possible data limitations that exist for the Tonawanda RifFS 

process are discussed below. 
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surface water Flow Data 

Flow rates have not been determined during routine surface 

water sampling, and sampling has ~ot been conducted following storm 

events (the highest flux of contaminants would be expected during 

storm events); this limits the usefulness of the surface water data 

in determining the effects of erosion, stormwater runoff, and 

increased flow rates on contaminant migration potential. On 

June 24, 1981, measurements of the flow rate in Twomile Creek 

downstream of the Linde pond ranged from 70 to 250 Ljs (19 to 

66 galjs), but these flow rates are probably lower than those 

during the years of processing because the creek was previously 

used for disposal of industrial waters from facilities upstream 

(Aerospace 1981). 

RI results do not indicate that radioactive contamination at 

Linde is contaminating Twomile Creek surface waters and sediments. 

RI results do indicate that radioactive contaminants in surface 

waters and sediments from Ashland 1 and Seaway are migrating toward 

Ashland 2. Monitoring downstream of Ashland 2 shows no migration 

of radioactive contaminants at above-guideline concentrations. 

Because contaminants are moving among the Ashland and Seaway 

properties and not migrating downstream, the information on surface 

water flow during normal and storm conditions is not critical. 

Twomile creek Dredgings 

Liquid wastes dumped into stormwater drainage systems may have 

contaminated Twomile Creek. After MED activities ceased, the creek 

was dredged; historical records indicate that the dredgings were 

possibly disposed of in the Town of Tonawanda landfill. 

Uncertainty regarding the precise location of the dredgings was 

identified as an area requiring further investigation in the 

Tonawanda RI/FS-EIS WP-IP (BNI 1993a). Future work to investigate 

this data limitation is discussed in Section 7.6.2. 
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Tonawanda Wetlands 

A wetland assessment and delineation is necessary if the 

remedial action alternative selected could impact any of the 

Tonawanda wetlands. 

Infiltration into the seaway Reinforced Concrete Pipe 

A data limitation identified in the Tonawanda WP-IP was the 

potential migration of landfill constituents into the RCP and RCP 

trench transecting Seaway. No investigation was conducted because 

the Seaway owners plan to seal the pipe at both ends, thus 

preventing runoff from Ashland 1 and any potential landfill 

leachate from flowing onto Ashland 2 via Rattlesnake Creek. 

Sealing the RCP should include measures to prevent flow along the 

trench in which the RCP is installed. 

7.6.2 Future work 

Work to be completed during the Tonawanda RI/FS-EIS process 

includes the following activities. 

Twomile creek Dredgings 

In an attempt to locate the dredgings, ORNL will survey the 

Tonawanda landfill in the areas that were used for disposal during 

the years that uranium processing took place. The designation 

survey will include walkover gamma radiation scans of the pertinent 

areas and collection of samples for radiological analysis. 

ORNL will also survey Twomile Creek and collect core samples to 

determine whether Twomile Creek should be included in the Tonawanda 

site RI/FS-EIS process. The designation survey will include 

radiological analysis of creekbed core samples and walkover gamma 

radiation scans of the creek banks. 
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Delineation and Assessment of the Tonawanda Wetlands 

Before any remedial action is conducted at Ashland 2 and Linde, 

the boundaries of the onsite wetlands must be delineated 

(Figure 7-5). Delineation includes defining the extent of the 

wetland by taking into account hydrogeologic regimes, soils, and 

vegetation types. Assessments of wetlands are mandated by 

Executive Order 11990. 

An assessment of the impact of remedial action on the wetlands 

potentially affected will need to be completed. Procedures in 

10 CFR Part 1022 require a wetland assessment and determination of 

whether an environmental assessment (EA) or an EIS under NEPA is 

necessary. 10 CFR Parts 1022.14 and 1022.15 require that DOE 

provide opportunity for public review through applicable NEPA 

procedures and that DOE issue a statement of findings either in the 

Federal Register (for sites where no EA or EIS is required) or as 

part of the final NEPA documentation for the site. Wetland 

delineation, mapping, and size requirements are the most relevant 

factors to be addressed before remedial action activities proceed 

(BNI 1991a). A reference document to be used for delineation of 

the wetlands is the Federal Manual for Identifying and Delineating 

Jurisdictional Wetlands (Federal Interagency Committee for Wetland 

Delineation 1989). 

The State Freshwater Wetlands Permit Regulation (6 NYCRR 

Part 663) outlines specific requirements for planned alteration of 

a regulated wetland. State Freshwater Wetlands Mapping and 

Classification Regulations (6 NYCRR Part 664) define how wetlands 

in New York are delineated and classified. 

Designation of Vicinity Properties 

Vicinity properties that are contaminated with MED-related 

radioactive materials (e.g., Conrail and Niagara Mohawk) will 

require designation into the Tonawanda RI/FS-EIS process. Other 

vicinity properties that may be contaminated (e.g., R. P. Adams and 

the Town of Tonawanda landfill) will first require investigation 

for MED-related radioactive materials. 
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Subsurface vault at Linde 

The location of the vault is known, and surveys have shown that 

no elevated gamma radiation exists at ground surface above the 

vault. Additional data may include samples from the area around 

the vault to determine the possibility of migration of any 

materials in and from the vault to obtain information regarding the 

materials in the vault. 

Feasibility studies 

Several potential remedial action technologies may require 

bench- or pilot-scale treatability studies. Technologies that may 

warrant such testing for use at the Tonawanda site include: 

• Building decontamination: Onsite testing of various 

decontamination methods may be necessary to determine their 

effectiveness for specific application to the Linde 

buildings. This information is needed to determine both 

feasibility and cost. 

• _Volume reduction: Historically, separation of soil and 

radionuclides has been ineffective and highly dependent on 

the physical characteristics of the soil and the 

radionuclides. Based on studies of these technologies by 

EPA, and considering the clayey nature of the natural soils, 

solids separation is not likely to be feasible for the 

Tonawanda site, but it will be retained as a preliminary 

option. 

• Physical/chemical treatment: Treatability studies may be 

needed to investigate treatment as a potential remedial 

action to reduce metal concentrations in soils. 

• In situ tests: Technologies for immobilizing the wastes may 

need to be tested to determine their applicability to the 

Tonawanda site (e.g., cutoff walls and 
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grouting/stabilization for groundwater protection and 

vitrification for =ontaminated soils and sediments). 

7.7 OBJECTIVE OF REMEDIAL ACTION 

The overall remedial action objective is to remove, stabilize, 

or otherwise control existing MED-related radioactive and 

associated chemical contamination at the Tonawanda site. The 

baseline risk assessment will introduce the criteria for selecting 

remedial action alternatives, and the FS will address potential 

response actions and technologies and conceptual remedial action 
alternatives. 
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FIGURES FOR SECTION 7.0 
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TABLES FOR SECTION 7.0 
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Table 7-1 

Completion of the Remedial Investigation Objectives at the Tonawanda Site 

Objective 

1. Conduct a topographical features study 
2. Estimate the areal extent of the wastes 

3. Identify waste transportation routes 
4. Determine the horizontal and vertical boundaries of contamination 

5. 
6. 
7. 

8. 
9. 
10. 
11. 
12. 

13. 
14. 
15. 
16. 

17. 

18. 
19. 

20. 

21. 

22. 
23. 

24. 
25. 

26. 
27. 
28. 
29. 

30. 

Identify the co-occurrence of hazardous chemical characteristics of the waste 
Evaluate the co-occurrence of selected radionuclides 
Evaluate the viability of the migration pathways and estimate contaminant 
concentrations 
Estimate the magnitude of migration potential for each viable pathway 
Survey surface water drainage systems used to discharge effluents at Linde 
Conduct a well canvass to identify potential receptors 
Investigate the stratigraphy of the properties 
Quantify contaminant concentrations near injection wells at Linde 

Estimate the nature and extent of contamination in buildings at Linde 
Survey storm and sanitary sewers 
Evaluate decontamination alternatives for contaminated structures at Linde 
Determine how far radioactive contamination extends beyond the Linde 
fenceline to the northeast 
Determine the extent of deep subsurface radioactive contamination near old 
injection wells at Linde 
Locale (if possible) and evaluate dredgings from Twomile Creek 
Investigate the potential presence of a subsurface vault containing radio,active 
material at Linde 
Determine the extent of radioactive contamination in the blast wall adjacent to 
Building 58 at Linde . 
Determine the boundaries of radioactively contaminated soil in the bermed area 
at Ashland 1 
Determine the extent of RCRA-characteristic wastes in soil at Ashland 1 
Refine the boundaries of radioactively contaminated soil at Ashland 2 

Determine the potential for RCRA-characteristic wastes in soil at Ashland 2 
Refine the boundaries of radioactively contaminated soil in Areas A and D at 
Seaway 
Determine the potential for migration of radionuclides within the Seaway landfill 
Determine the potential for RCRA-characteristic wastes in soil at Seaway 
Determine the depth of thorium-230 contamination in Areas A and D at Seaway 
Determine the potential for leachate infiltration into the reinforced concrete pipe 
under the Seaway landfill 
Determine the geotechnical properties f!f the Seaway landfill extension 

31. Collect additional information on surface water hydrology for all four properties 

8 sect. - Applicable section(s) of the Rl report. 
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Activities 

Examining site photographs and drawings 
Conducting an electromagnetic survey 
Conducting a seismic refraction survey 
Conducting walkover gamma scans 
Examining aerial photographs 
Conducting walkover gamma scans and gamma logs, and collecting 
soil samples 
Collecting soil samples for EP and TCLP analysis 
Deleted 
Collecting samples from surface water, sediment, and groundwater 

Evaluating samples collected 
Collecting samples from surface water and sediment 
Conducting literature and area investigation 
Drilling geologic boreholes and logging soils 
Drilling monitoring wells and boreholes, gamma logging and 
sampling 
Alpha and beta-gamma radiation scans and dust sampling 
Collecting surface water and sediment samples 
Deleted from Rl scope; included in FS scope 
Walkover gamma scans and soil samples 

Investigating boreholes, effluent, and geology and calculating 
transport 
Conducting gamma radiation surveys and collecting samples 
Conducting a ground-penetrating radar survey 

Collecting soil samples 

C9llecting soil samples for radiological analysis 

Collecting soil samples for TCLP analysis 
Conducting walkover gamma scans and gamma logs, and collecting 
soil samples 
Collecting soil samples for TCLP analysis 
Conducting walkover gamma scans and gamma logs, and collecting 
soil samples 
Drilling boreholes and locating the water table 
Collecting soil samples for TCLP analysis 
Collecting soil samples for radiological analysis 
Deleted 

Drilling boreholes and collecting soil samples for geotechnical 
analysis 
Conducting site walkover, literature investigation, and modeling 

Completed 

First phase 
First phase 
First phase 
First phase 
First phase 
First and second phases 

First and second phases 
Deleted 
First and second phases 

First and second phases 
First and second phases 
First phase . 
First and second phases 
First and second phases 

First phase 
First phase 
FS 1992 
Second phase 

Second phase 

Late 1992 
Second phase 

First and second phases 

First and second phases 

First and second phases 
First and second phases 

First and second phases 
First and second phases 

Second phase 
Second phase 
First and second phases 
Deleted 

Second phase 

Second phase 

Docmneoted8 

Sect. 3.0 and 4.0 
Sect. 4.2.4 
BNI 1987 
Sect. 4.0 
Sect. 4.0 
Sect. 4.0 

Sect. 4.0 
Sect. 7.1.6 
Sect. 3.0, 4.0, and 5.0 

Sect. 5.0 
Sect. 4.2.1 and 7.2.1 
Sect. 3.7.8 
Sect. 3 .4 and 3 .S 
Sect. 4.2.1 and 7.2.1 

Sect. 4.2.1 and 7.2.1 
Sect. 4.2.1 and 7 .2.1 
Sect. 7.1.15 
Sect. 4.2.1 and 7.2.1 

Sect. 4.2.1 and 7 .2.1 

Sect. 7.6 
Sect. 4.2.1 and 7.2.1 

Sect. 4.2.1 and 7.2.1 

Sect. 4.2.2 and 7.2.2 

Sect. 4.2.2 and 7.2.2 
Sect. 4.2.4 and 7 .2.4 

Sect. 4.2.4 and 7 .2.4 
Sect. 4.2.3 and 7 .2.3 

Sect. 4.2.3 
Sect. 4.2.3 and 7.2.3 
Sect. 4.2.3 and 7 .2.3 
Sect. 7 .6.1 

Sect. 3.4 and 3.5 

Sect. 3.3 



Data Limitation 

1. Surface water flow data 

2. Twomlle Creek dredglngs 

3. Tonawanda wetlands 

4. Infiltration into the Seaway RCP 

5. Ashland groundwater data 

6. Vicinity properties 

7. Subsurface vault at Linde 

8. Feasibility studies 
~ 
I 

tn 
~ 
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Table 7-2 

Data Limitations and Future York at the Tonawanda Site 

Future Work 

Information Is not critical to surface water evaluation; no work presently scheduled to be done. 

Walkover gamma scan of the Town of Tonawanda landfill and collection of soil samples. 
Collection of Twomile Creek bed core samples. 

Delineation of wetlands. 

RCP to be closed by owner. 

Collection of groundwater samples from Ashland 1 and 2 from the contact zone aquifer 
and the shallow groundwater system, and collection of groundwater samples from the 
perched groundwater system at Ashland 2. 

Investigation, characterization, and designation. 

Collection of samples in and around the vault. 

Building decontamination, waste volume reduction, waste treatment, and in situ tests, 
depending on the remedial action alternative selected. 

Estimated Date 

Not applicable 

Completed In 1992 
Completed In 1992 

Before remediation 

Undetermined 

Completed in 1992 

Late 1992 through 1993 

During remediation 

Before remediation 
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