
MAY 3 1 1995 

Dear Addressee: 

NIAGARA FALLS STORAGE SITE - 1994 ENVIRONMENTAL SURVEILLANCE 
INFORMATION 

The purpose of this letter is to transmit the annual environmental surveillance technical 
memorandum for the Niagara Falls Storage Site (NFSS) located in Lewiston, New York. This 
site is currently managed by the U.S. Department of Energy (DOE) for disposal.of 
radiologically contaminated soils. 

Environmental surveillance activities conducted at this site included annual analysis of 
groundwater, surface water, and sediment samples for radiological and chemical parameters, 
semiannual external gamma exposure rate measurements, quarterly radiological analysis of 
atmospheric radon and thoron concentrations, and radon flux from the waste containment 
structure-. The environmental surveillance memorandum identifies sampling locations, 
monitoring parameters, and asummary of associated analytical results; 

Results from the 1994 environmental surveillance are generally similar to measurements taken 
in past years and indicate that average concentrations of radioisotopes and metals are well below 
applicable standards and derived concentration guides. Results from the monitoring program 
indicate that no current public drinking water sources are being affected by the Niagara Falls 
Storage Site. 



Contained within the memorandum are estimates of the potential public exposure to radioactivity 
present at NFSS. Based on site surveillance data and local land usages, potential human 
exposures are well below health-based guidelines established by the DOE and the Environmental 
Protection Agency. 

If you are interested in receiving more detailed information on the NFSS environmental 
surveillance program (including additional copies of the annual environmental surveillance 
memorandum or its supporting technical data) call DOE's toll free information number, 
1-800-253-9759, or write to me at the following address: 

Ronald E. Kirk, Site Manager 
Former Sites Restoration Division 
U.S. Department of Energy 
P.O. Box 2001 
Oak Ridge, TN 37831-8723 

Please contact me if you wish to discuss the surveillance program or any other element of 
DOE's cleanup program for the Niagara Falls site. 

Sincerely, 

Enclosure 

Ronald E. Kirk, Site Manager 
Former Sites Restoration Division 
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Subject: Environmental Surveillance Results for 1994 for the Niagara Falls Storage Site 
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1 SUMMARY 

This report presents analytical results and an interpretation of those results for samples collected 
as part of the 1994 site surveillance and monitoring program for the Niagara Falls Storage Site 

(NFSS). The discussion provides a comparative analysis of local background conditions, and 
applicable regulatory criteria to results reported for external gamma radiation and for samples 
from the media investigated (air, surface water, streambed sediment, and groundwater). Results 
from the 1994 surveillance program at NFSS indicate that guidelines established by the U.S. 
Department of Energy (DOE) were not exceeded. 

NFSS is located in the Township of Lewiston in northwestem New ~ o r k ,  northeast of Niagara 
Falls and south of Lake Ontario (Figure 1). .Presently, the site property includes buildings; 
storage facilities; and a clay-capped, grass-covered waste containment structure (WCS). The 
property is entirely fenced, and public access is-restricted. 

Land use in the region is predominantly rural; however, the site is bordered by a chemical waste 
disposal facility (ChemWaste Management Chem'ical Services, Inc.) on the north, a solid waste 
disposal facility (Modem Disposal, Inc.) on the east and south, and a Niagara Mohawk Power 
Corporation right-of-way on the west. The nearest residential areas are approximately 
1.1 km (0.68 mi) southwest of the site; the residences are primarily single-family dwellings. 

~. 
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NFSS was used by the Manhattan Engineer District as a storage and shipment facility for 

radioactive materials. The radioactive material originated primarily from wastes and residues 
from uranium ore processing at other facilities. The stored wastes and residues contained 
radioactive constituents such as uranium and radium and a variety of metals. The environmental 

surveillance program at NFSS requires analysis and measurement of these radioactive 
constituents andfor metals in the air, groundwater, surface water, and streambed sediments. . 

1.1 Monitored Constituents 

A review of previous and current (1994) environmental surveillance results indicates that 
radioactive constituents and metals are present at NFSS. However, these materials are not 
present at levels above DOE-established guidelines. Radium-226 and uranium are monitored in 

the groundwater, streambed sediments, and surface water.' Radon and thoron concentrations are 
' measured in the air. Copper, lead, and vanadium are monitored in the groundwater. External 

gamma radiation is measured at sampling locations positioned around the WCS and along the 
NFSS fenceline. 

2.0 REGULATORY GUIDELINES 

The prim- regulatory guidelines that affect activities at NFSS are found in DOE orders, federal 
statutes, federal regulations, and state regulations. DOE orders (5400 series and 5820.2A) are 

consistently applicable to all Formerly Utilized Sites Remedial Action Program (FUSRAP) sites, 
while the applicability of other federal and state regulations varies from site to site. Regulatory 
criteria, categorized by medium and parameter, used to evaluate the results of the environmental 
surveillance program at NFSS are summarized below. 

The, State of New York categorizes groundwater resources by groundwater quality and use in 
order to apply established standards. At NFSS, because of poor groundwater quality and 

availability, the shallow groundwater resources are of little consequence. Regional studies and 
studies conducted near the site (La Sala 1968, Wehran 1977, Acres American 1981) conclude 
that groundwater quality is poor in the vicinity of the site because of high mineralization. 
Additionally, local studies (Wehran 1977 and Acres American 1981) indicate that the 

permeabilities of the shallow groundwater systems are sufficiently low that it is not practicable 
to obtain groundwater from these systems for water supply. Onsite permeability testing at 

NFSS confirms the indicated low permeabilities (BNI 1992). 
- 

Well surveys conducted in 1988 and 1994 identified eight wells within a 4.8-km (3-mi) radiusof 

the site; these wells further confirm the impracticability of using the shallow groundwater system 
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for obtaining water in appreciable quantities. Of the eight wells identified during the survey, 

only one [2 km (1.25 mi) north of the site] is downgradient of the site. None of the wells 
identified in the well survey is reportedly used for drinking water supply; most are used for 
irrigation (BNI 1994). 

In light of these findings, the New York State Department of Environmental Conservation 
(NYSDEC) Class GA (water supply) groundwater standards represent a conservative basis for 
comparing analytical results because the groundwater at NFSS does not meet the criteria for 
Class GA groundwater. 

. . External Gamma R a d ~ a t ~ o n  and Air - (Radon and Thoron Gas and Airborne Particulates) 

DOE Order 5400.5 
Dose limits for members of the public are presented in this DOE order. The primary 
dose limit is expressed as an effective dose equivalent. The limit of 100 mrem (1 mSv) 
effective dose equivalent above background in a year from all sources is specified in this 
order; external gamma radiation exposure and airborne particulate calculations are 
included in the calculation of the effective dose equivalent total. 

Derived concentration guides (DCGs) for radon and thoron concentrations in air are also 
presented in this order. The DCG for both radon and thoron is 3 pCiL (0.1 1 BqL) at the 
site boundary. 

Clean Air Act 
Section 112 of the Clean Air Act authorized the Environmental Protection Agency 
(EPA) to promulgate the National Emission Standards for Hazardous Air Pollutants 
(NESHAPs), which is applicable at NFSS under Subparts Q and M. Currently, the soils 
containing radioactive material have been incorporated into the WCS, which is designed 
to prevent fbgitive emissions. 

Radon flux monitoring is continuing in compliance with Subpart Q of NESHAPs. 

Asbestos is present in Building 401 and in an onsite burial area. Subpart M applies to 
the buried asbestos only if excavation occurs; however, long-term storage is planned for 
the buried material, and excavation is not anticipated. 'Therefore, Subpart M is not 
currently applicable at NFSS. 
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Summary of Radiological Standards and Guidelines 

Surface Water. Sediment. and Groundwater - Radiolo~ical Parameters 

- External Gamma Radiation, RadodThoron, and Airborne Particulates - 

DOE Order 5400.5 
DOE Order 5400.5 states that the guideline concentration for residual concentrations of 
radium-226, radium-228, thorium-230, and thorium-232 in soil is 5 pCi/g, based on an 
average of the first 15 cm (6 in.) of soil below the surface. The environmental 

surveillance program does not include analyses of onsite soils; however, because there 
are no standards for sediment, the residual soil cleanup criterion of 5 pCi/g is used to 
provide a conservative basis for evaluation of analytical results of radium and thorium in 
sediment. ~ikewise, the NFSS site-specific DOE soil cleanup criteiion for total uranium 
(90 pCi/g) is used to evaluate analytical results of total uranium in sediment. 

Medium 

Gamma 
radiation 
Air 

DCGs for water are also 
current analytical data at NFSS. 

in this order and are used to evaluate historical and 

- No existing standmd 

I Totalfrom all sources I mrem = 0.01 mSv. 
2 EPA guideline for radon conceniration in homes. 1 pCi = 0.037 Bq. 

Radiological Parameter 

Gamma radiation 

Radon 

Thoron 

Radon flux 

Airborne particulates 

DOE Order 5400.5 

100 mrem/yrl 

3 pCi/L 

Federal Standard 

(40 CFR, Part 61) 

--- 

4 pCi/LL 

3 pCi/L --- . -- 20 pCilmLls 

--- 10 mremlyr 
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I Total uranium ( 600 pCi/L I nfa 

Summary of Radiological Standards and Guidelines 

I I 

Sediment i ~adium-226 I nfa 1 5 pCi/g 

Medium 

I 
- - 

I I Total uranium I nla 1 90 pCi/g' 

1 Value ir wed for soil concentration averaged over the topmast 15 cm (6 in.) ofsoil, above 
background concentration . 

2 S@ace water and growabater. 
3 NFSS site-specific DOE soil cleanup criterion 
n/a Not applicable. 

Radiological Parameter 

Groundwater - Chemical Parameten 

Safe Drinking Water Act (SDWA) 
SDWA is the primary federal regulation applicable to the operation of a public water system 
and the drinking water quality standards. These regulations, found in 40 Code of Federal 
Regulations (CFR) Part 141, set the maximum permissible level of a substance in water, the 
maximum contaminant level (MCL). Although the groundwater at NFSS is not used to 
provide public drinking water supply, the SDWA drinking water MCLs for specific 
constituents were obtained from the EPA Drinking Water Regulations and Health Advisories 
(EPA 1994) to provide a related basis for comparison of analytical results. 

DOE DCG 

New York State Department of Environmental Conservation (NYSDEC) Water Quality 
~ e ~ u ~ a t i d n s  
NYSDEC has adopted the federal SDWA standards into its own regulations in Title 6 New 
York Codes, Rules, and Regulations (NYCRR) Parts 700-705, "Water Quality Regulations 
for Surface and Groundwater." In addition, NYSDEC has independently established 
standards for some constituents. As indicated previously, the groundwater at NFSS is not 
Class GA groundwater. However, to establish a basis for comparison of analytical results, 
Class GA &roundwater) water qualify standards for some constituents were obtained from 
the above-referenced NYSDEC document (last updated January 9, 1994). 

DOE Soil Cleanup 
criterion' 

- 

NYSDEC Technical and Administrative Guidance Memorandum (Jariuary 24,1994) 
This Technical -. and Administrative Guidance Memorandum (TAGM) specifically addresses 
soil c leahp  level objectives. However, because the method for determining the'se objectives ' 
is partly based on protection of the groundwater, groundwater standards for some 
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constituents were included in this TAGM. These standards have been used to establish 
additional Class GA (related, conservative case) state water quality standards for comparison 

of analytical results. 

3.0 SAMPLING LOCATIONS AND RATIONALE 
.- 4 

Radioactive materials that exceed guidelines at NFSS are stored in the WCS. Potential exposure 
to this material is not likely; however, if exposure were to occur, it would most likely occur 
through air, groundwater, surface water, or streambed sediments. The environmental 
surveillance program at NFSS has been developed to provide surveillance of these exposure 
routes through periodic sampling and analysis for radioactive, metal, and chemical constituents. 
Figures 2 through 5 present the environmental surveillance program at NFSS and indicate 
sampling locations and media. Table 1 summarizes the environmental surveillance program at 
NFSS for surface water, sediment, and groundwater. 

Atmospheric monitoring and measurement include analysis for radodthoron and external 
gamma radiation at fenceline locations surrounding NFSS and the WCS to assess potential 
exposure levels to the public and site workers (Figures 2 and 3). Measurement of radon flux 
rates is periodically conducted at discrete grid intersections on the WCS (Figure 4). 

Groundwater monitoring wells have been selected to assess background, downgradient, and 
source-area (near the WCS) groundwater quality conditions in the upper groundwater system 
(Figure 3). The lower groundwater system is not monitored because past analytical results from 
the upper groundwater system have not indicated migration of radioactive material from the 
WCS. Groundwater monitoring includes analysis for radioactive constituents, metals, and total 
organic carbon. 

Surface water and streambed sediment sampling is conducted along the drainage ditch system to 
assess upstream, onsite, and downstream concentrations of radioactive constituents (Figure 5). 
Surface water and sediment sampling locations were selected to assess the migration of 
constituents in these media should any be apparent. Surface water and streambed samples are 
analyzed for ridioactive constituents. 

At NFSS, standard analytical methods approved and published by the EPA and the American . 
Society for Testing and Materials (ASTM) are used in the environmental surveillance program for . 
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chemical (i.e., all nonradioactive) samples. The laboratory conducting the radiological analyses 
adheres to procedures developed by the Environmental Measurements Laboratory (EML) and 
ASTM and to EPA-approved methods for analyzing groundwater and surface water samples. 
Sampling locations and the specific methods for chemical and radiological analyses used in the 

surveillance program at NFSS are summarized in Table 2. 

All environmental surveillance activities at NFSS are conducted in accordance with the 
environmental monitoring plan and the following instruction guides (IGs). The IGs are based, in 
part, on guidelines provided in EPAYs RCRA Ground- Water Monitoring: Draft Technical Guidance 
(EPA 1992a). 

5.0 ANALYTICAL DATA AND INTERPRETATION OF RESULTS 

IG Number 

191-IG-011 

19 1 -1G-028 

1 9 1 -1G-029 

19 1 -1G-033 

This section presents the data and interpretation of results for the environmental surveillance 
program at NFSS. Data for 1994 are presented in Tables 3 through 11. In data tables containing 

- 

Title 

IG for Decontamination of Field Sampling Equipment at FUSRAP Sites 

IG for Surface Water and Sediment Sampling Activities 

IG for RadodT'horon and TETLD Exchange 

IG for Groundwater Sampling Activities 

analyses for radioactive constituents, results are expressed as negative numbers if the baseline 
background activity exceeds the measured sample activity. In such cases, when the baseline 
background activity is subtracted fiom the sample activity, a negative number results. For the 

purposes of interpretation, these negative values have been interpreted as activities that are below 
the baseline minimum detectable activity (MDA). 

I 

The conversion factor fiom pg to pCi is 0.677 for naturally occurring uranium. For this report, 
all total uranium results are reported in pg with the pCi equivalent in parentheses. 

5.1 External Gamma Radiation 

Gamma radiation exposure rates are measured with tissue-equivalent thermoluminescent 
dosimeters (TEXLDs), which provide cumulative exposure readings and pre in,.place at NFSS 
continuously throughout the year. As indicated previously, two TETLDs are removed and analyzed 
after 6 months. The 6-month results (corrected for their time of exposure) were below the DOE- 
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established guideline of 100 mrerdyr. 'Annual TETLD results for external gamma radiation 
exposure in 1994 (both raw data and data corrected for shelter/absorption and background) are 
summarized in Table 3. TETLD surveillance locations are shown in Figures 2 and 3. 

After the gamma radiation exposure data are corrected for shelter/absorption and background 
conditions, these data are then used to calculate the direct gamma radiation dose to a hypothetical 
maximally exposed individual. The data fiom the side of the site displaying the highest radiation 
readings are averaged, and the external gamma exposure rates to the nearest individuals are then 
determined. At NFSS, exposure data fiom locations 8, 10, 11, 13, 15, 29, and 36 were used to 
determine the hypothetical maximum dose from direct gamma radiation. This maximum dose was 
calculated assuming a maximally exposed individual residing 24 h per day at a residence southwest 
of NFSS. Calculated maximum exposure rates assume that the average distance from the fenceline 
to the individual is approximately 1,100 m (3,600 ft). Results of this calculation are expressed as 
an annual maximum exposure rate to the individual (mrerdyr). 

Based on 1994 external gamma radiation results, the dose from direct gamma exposure at NFSS to 
a hypothetical maximally exposed individual 1,100 m (3,600 ft) southwest of the fenceline is 
essentially zero (0.0000835 mredyr) above background. This value is well below the DOE 
guideline of 100 mrerdyr. 

5.2 Radon and Thoron 

Based on the radioactive constituents in the wastes contained in the WCS, it is unlikely that 
thoron gas would be emitted from the WCS; it is, however, possible that radon gas would be 
emitted. To ensure that neither radon nor thoron is emitted from the WCS, radonlthoron gas 
detectors are used to monitor cumulative~emissions of these gases on a quarterly basis. Results 
of quarterly monitoring for radon and thoron gas in 1994 are presented in Table 4; the 
corresponding surveillance locations are shown in Figures 2 and 3. The results are well below 
the DOE guideline of 3.0 pCi/L. Nearly all measurements were less than detection limits (results 
ranged fiom less than 0.3 pCi/L to 0.5 pCi/L, including background) and were comparable to the 
concentrations measured at the five offsite locations. 

53  Radon Flux 

Measurement of radon'flux provides an indication of the rate of iadon emission from a surface. 
Radon flux is measured with activated charcoal canisters placed at 7.6-m (25-ft) intervals across 
the surface of the WCS for a 24-h exposure period. Radon flux measurements for 1994 are 

presented in Table 5; measurement locations are shown in Figure 5. 
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Analytical results from measurements made in spring 1994 ranged from 0.04 to 0.34 pci/m2/s 
(0.0015 to 0.012 Bqlm2/s), with an average of 0.13 p ~ i l m ~ l s  (0.005 ~ q l m ~ l s ) .  Results from 
measurements made in fall ranged from 0.02 to 0.09 pci/m2/s (0.0007 to 0.003 ~ ~ / m ~ / s ) ,  with an 
average of 0.0072 p~i /m2/s  (0.0003 B ~ I ~ ~ I S ) .  These results are well below the 20 $i/m2/s 
(0.74 ~ ~ / m ~ / s )  radon flux standard specified in 40 CFR part 61, Subpart Q, and demonstrate the 
effectiveness of the containment cell's design and construction in mitigating radon migration. 

5.4 Airborne Particulate Dose 

To derive the airborne particulate dose, hand calculations were used to determine the input for a 
computer model that then estimated the airborne particulate hypothetical dose to a maximally 
exposed individual and the airborne particulate hypothetical collective dose to the population 
within 80 km (50 mi) of the site. The hand calculation determined airborne particulate release 
rates from site soil contamination data using a limited reservoir surface, wind erosion model 
(EPA 1985). 

Airborne particulate release rates were input into the CAP-88-PC computer model (EPA 1992b) 
in two runs. The first run estimated the hypothetical airborne particulate doses to individuals at 
the distances to the nearest residence and to the nearest commerciaVindustrial facility. 
Hypothetical doses were then corrected for the occupancy of the nearest residence (24 Idday) and 
the nearest commerciaVindustrial facility (40 Mweek). The higher of the two hypothetical doses 
(i.e., residential or commerciaLJindustrial) then became the hypothetical airborne particulate dose 
to the maximally exposed individual for the site. The second run estimated the hypothetical 
airborne particulate collective dose to the population within 80 krn (50 mi) of the site. The 

second run also used a population file (generated by a hand calculation using county population 
densities) to determine numbers of people in circular grid sections fanning out to 80 krn (50 mi) 
from the center of the site. 

The results of these calculations indicate that the hypothetical airborne particulate dose from the 
wind erosion of soil to an individual 1,100 m (3,600 ft) southwest of the site is essentially zero 
(0.0000017 mredyr). This value is well below the 10 mrern/yr standard specified in 40 CFR, 
Part 61, Subpart H. In addition to calculating the dose to an individual, the CAP88-PC computer 
program also calculates-a collective dose to the population. At NFSS, the hypothetical airborne 
particulate collective dose to the population within 80 km (50 mi) of the' site has been calculated 
to be 0.0000146 person-redyr. 
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5.5 Surface Water and Sediment 

In 1994, annual surface water and sediment samples were collected at five locations: one 

upstream, fenceline location; two onsite locations along the central drainage ditch; and two 
downstream, offsite locations along the central drainage ditch. Surface water and sediment 
samples were analyzed for radium-226 and total uranium. The 1994 environmental surveillance 
analytical results for surface water and sediment samples are presented in Tables 6 and 7, 
respectively. Sampling locations are presented in Figure 5. Only analytical results with detected 

values are presented. 

Analytical results for surface water in 1994 were compared against the DOE DCGs for radium- 
226 and total uranium. Because there are no established standards for sediments, the residual 
soil cleanup criterion of 5 pCi1g was used to provide a conservative basis for comparison of 
radium-226 analytical results. The NFSS DOE site-specific soil cleanup criterion of 90 pCi/g 
was used as a basis for comparison of total uranium analytical results. 

Background concentrations were determined by averaging 1992 through 1994 analytical results 
for the appropriate constituents at surface watertsediment sampling location 9. Surface water 
and sediment sampling location 9 was selected as the background location because it is at the 
upstream boundary of the South 3 1 drainage ditch, a drainage whicheventually joins the central 
drainage ditch. 

Surface Water 
To obtain background concentrations for surface water, analytical results from 1992 through 
1994 for samples from location 9 were averaged. The background concentration for radium-226 
in surface water was determined to be 0.71 pCi/L. The background surface water, total uranium 
concentration was determined to be 6.8 pgiL (4.6 pCi/L). 

The 1994 analytical results for radium-226 are consistent with 1992 and 1993 analyticafresults. 
In 1994, radium-226 was present at sampling locations 11 and 20 at concentrations that ranged , 

from nondetect to 1.6 pCi/L. Radium-226 analytical results for 1994 do not exceed the DOE 
DCG of 100 pCilL. 

The 1994 analytical results for total uranium are consistent kith 1992 and 1993 analytical 
results, except for the results at sampling location 12. Total uranium concentration levels at 
sampling locations 10, 1 1, and 20 were 9.3, 11.1 and 11.4 pg/L (6.3, 7.5, and 0.95 PC&), 
respectively. The 1994 analytical result for total uranium at sampling location 12 ws 8.1 pg/L 
(5.5 pCi/L). This result represents a five-fold increase over the average of 1992 and 1993 
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analytical results; however, this result is significantly less than the DOE DCG for total uranium. 
At all sampling locations, the 1994 analytical results for total uranium are less than 1 percent of 

the DOE DCG of 600 pCi/L. 

Sediment 
To determine background concentrations for sediment, analytical. results from 1992 through 

1994 for samples from location 9 were averaged. The background concentration for radium-226 
in sediment was determined to be 1.5 pCi/g. The background sediment, total uranium 
concentration was determined to be 6.2 pg/g (4.2 pCi/g). 

The 1994 analytical results for radium-226 are consistent with 1992 and 1993 analytical results. 
The 1994 results of analysis for radium-226 in samples collected at locations 10, 11, 12, and 20 
ranged from 0.84 to 1.7 pCi/g. None of the radium-226 concentrations in sediment exceeded the 
DOE soil cleanup criterion of 5' p ~ i / g .  

The 1994 analytical results for total uranium at all sampling locations were nondetect because 
total uranium was detected in the laboratory blank. The range of total uranium concentrations 
for 1992 and 1993 analytical results is 1.6 to 6.6 pg/g (1.1 to 4.5 pCi/g). The DOE-established, 
site-specific standard for total uranium is 90 pCi/g; the historical and 1994 analytical results are 
well below this standard. 

5.6 Groundwater 

Four unconsolidated units and one bedrock unit are readily identified in the subsurface at the 
site. The uppermost unit is composed of a low-permeability silty clay till. Discontinuous sand 
lenses have been identified and mapped within this clay till. The clay till is underlain by a very 
low permeability glaciolacustrine clay that is present at varying thicknesses across the entire site. 
The glaciolacustrine clay is underlain by a second glaciolacustrine unit, which consists of sand 
and gravel; this unit exhibits the highest permeability identified in the shallow unconsolidated 
subsurface materials at the site. This unit is underlain by a dense, silty, glacial till that exhibits 
very low permeability. Beneath this till is the shale bedrock. 

Groundwater at MFSS occurs in both the unconsolidated deposits and the shale bedrock. In the 
unconsolidated deposits, two distinct groundwater systems are present: the upper groundwater- 
system, which occurs within the uppermost clay unit, and the lower groundwater system, which 
occurs within the sand and gravel unit, the underlying till unit, and the weathered portion of the 
bedrock shale. The bedrock groundwater syqtem occurs within the unweathered portion of the 
bedrock shale. ~ e ~ i o n a l l ~ ,  groundwater in both the upper and lower groundwater systems and 
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the bedrock system flows northwestward toward Lake Ontario. Four-year, representative 
hydrographs for both the upper and lower groundwater systems are presented in Figures 6 and 7. 

Surface drainage from the site originally entered Fourmile, Sixmile, and Twelvernile Creeks, 

which all flow northward to Lake Ontario. In the 1940s, a system of drainage ditches was 
installed to drain surface water to a central drainage ditch. The largest of these drainage ditches, . -, 
the central drainage ditch, significantly influences groundwater flow in the upper groundwater 

system near the WCS and ditch. 

5.6.1 Groundwater Flow System 

Water Level Measuremenb 
Sixty-three groundwater monitoring wells are used to monitor groundwater levels in both the 
upper and lower groundwater systems. Water level measurements are obtained either by 
electronic datalogger and transducer or by an electronic depth-to-water meter. Of these wells, 25 
are screened in the upper groundwater system. The screened intervals for wells completed in the 
upper groundwater zone range from 1.7 to 8.4 m (5.5 to 27.6 ft) below ground surface. Thirty- 
eight of these wells are screened in the lower groundwater system. The screened intervals for 
wells completed in the lower groundwater zone range from 7.7 to 14.0 m (25.2 to 46.0 fl) below 
ground surface. Groundwater monitoring wells are located primarily om the perimeter of the 
WCS and along the northern property fenceline (Figure 3). 

In the upper groundwater system, the depth to water ranged from about -0.054 m (slightly 
artesian) to 3.4 m (-0.18 to 1 1.1 ft) below ground surface during the year. Average water level 
fluctuations in the upper groundwater system in 1994 spanned 1.2 m (3.8 ft). In the lower 

groundwater system, the depth to water ranged from about 0.29 m to 3.7 m (0.95 ft to 12.09 ft) 
below ground surface during the year. Average water level fluctuations in the lower 

groundwater system in 1994 spanned 0.8 m (2.6 ft). A review of Figures 6 and 7 indicates that 
the upper groundwater system responds more rapidly than the lower groundwater system to 
seasonal fluctuations in groundwater recharge and) the effects of watering the WCS to maintain 
the appropriate soil-moisture content in the capping material. Groundwater level fluctuations in 
the lower groundwater system occur over a significantly longer period than in the upper 
groundwater system, indicating that the glaciolacustrine clay aquitard slows and dampens 
recharge to the lower groundwater system. - 

Figures 8 and 9 present March 3 1, 1994 (representative of high condition) piezometric surfaces 
and groundwater flow directions for thi upper and lower groundwater systems, respectively; 
Figures 10 and 11 present October 6, 1994 (reixkentative of low condition) piemmetric surfaces * 
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and groundwater flow directions for the upper and lower groundwater systems, respectively 

In most monitoring well pairs, groundwater elevations of the upper groundwater system are 
greater than those of the lower groundwater zone, indicating a downward, vertical hydraulic 
gradient. In some monitoring well pairs near the central drainage ditch, groundwater elevations 
of the upper groundwater system are less than those of the lower groundwater system, indicating 

an upward, vertical hydraulic gradient. 

Groundwater Flow 
Groundwater occurs in near-surface alluvial sediments consisting mostly of horizontal layers of 
unconsolidated sand, silt, and clay. Two groundwater systems monitored at the site are 
associated with the uppermost clay unit and the sand and gravel unit, corresponding to the upper 
and lower grouildwater systems, respectively. Hydrologic data indicate that the upper clay unit 

. . . . . . . . 

and the lower rand and gravel unit are hydraulically isolated by the glaciolacustrine clay unit, 
which is present across the entire site. 

Generally, groundwater flows northwestward across the site at a gradient of about 0.005 to 0.03 
(in the immediate vicinity of the central drainage ditch) in the upper groundwater system, and at 
a gradient of about 0.0001 to 0.004 in the lower groundwater system. The flow in the upper 
groundwater system is strongly influenced by the central drainage ditch. A groundwater flow 
velocity of 38 cmlyr (15 in./yr) has previously been estimated at NFSS (BNI 1994). 

Groundwater elevations during the seasonal high condition (March 31, 1994) ranged fiom 
94.57 m (3 10.26 ft) above mean sea level at BH-63 to 97.29 m (3 19.20 ft) above mean sea level 
at B02W20S. Groundwater elevations during the seasonal low condition (October 6, 1994) 
ranged from 94.72 m (310.76 ft) above mean sea level at BH-61 to 97.14 m (318.70 ft) above 
mean sea level at B02W20S during the year. 

5.6.2 Groundwater Quality 

Field Parameters 
Table 8 presents a summary of field parameters collected during quarterly sakpling in 1994 at - 

> < .  , . 
NFSS. 

Water Oual~tv Parameters 

The hydrochemical nature of the groundwater, fiom both the upper and lower groundwater 
systems is presented in the trilinear Piper diagram, Figure 12. This ,diagram provides a graphical 
presentation of inorganic water analyses and allows the determination of inorganic 
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hydrochemical type. Recently recharged water in many aquifers is typically dominated by a 
calcium/bicarbonate hydrochemical type. This condition plots in the upper left-hand field of the 

diagram. Natural softening of groundwater via ion exchange with the  soil or rock matrix 
(sodium for calcium) to a sodiumhicarbonate hydrochemical type generally occurs with 
extended residence time andlor distance traveled in the aquifer (upper right-hand field of the 

diagram). Oldest waters are generally dominated by the sodium/chloride type and plot in the 
lower right-hand field of the diagram. These waters represent stagnant or connate groundwater 

types. 

At NFSS, the upper groundwater system (Figure 12) water quality parameters plot primarily in 
the upper left-central portion of the diagram, in the calciumhicarbonate field, indicating 
relatively recently recharged groundwater. The lower groundwater system (Figure 12) water 
quality parameters plot in the upper right portion of the diagram, indicating sodiurnhicarbonate 
groundwater conditions,.which typically indicate longer residence times or distance traveled. It 
is likely that the primary recharge of the lower groundwater system occurs at the base of the 
Niagara Escarpment, situated approximately 3.2 lun (2 mi) south of the site (BNI 1994). Table 9 
presents 1994 water quality parameter results. 

5.6.3 Groundwater - Radioactive Constituents 

In 1994, groundwater samples collected from 9 groundwater monitoring wells completed in the 
upper groundwater system were analyzed for radium-226 and total uranium. Environmental 

surveillance analytical results for radioactive constituents in groundwater are presented in 
Table 10. Only analytical results with detected values are presented. Historical and current 

analytical results for radium-226 and total uranium levels in groundwater samples are presented 
in Figures 13 and 14, respectively. 

Background concentrations for the upper groundwater system were determined by averaging 
1992 through 1994 analytical results for the appropriate constituents at the background 
monitoring well B02W20S. This well was selected as the background well because it is distant 
from the WCS and is not located downgradient of the WCS. The background concentration for 
radium-226 in groundwater was determined to be 0.25 pCi/L. The background concentration of 
total uranium in groundwater was determined to be 11.6 pg/L (7.9 pCi/L). 

Historical analytical results from groundwater wells completed in the lower groundwater system ell 

and the low concentration levels of constituents monitored in the upper groundwater system ,-? 

indicate that annual monitoring of the lower groundwater system is not presently necessary. 
i 

Because the monitoring wells completed in the upper groundwater system provide an effective 
.Ir 

d 

w 
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network by which to monitor the performance of the WCS, the lower groundwater system is not 

routinely monitored as part of the environmental surveillance program. Special groundwater 
studies that are conducted periodically at NFSS typically include sampling and analysis of 
groundwater samples fiom the lower groundwater system. These studies help to verify the 
effectiveness of the upper groundwater system monitoring well network for monitoring WCS 

performance. 

Umer  Groundwater Zone Results 
Radium-226 concentrations in 1994 range from nondetect to 0.32 pCi/L. These results reveal 
that all the 1994 radium-226 concentrations are at least 300 times less than the DOE DCG of 100 
PC i/L. 

The historic, maximum total uranium concentration in groundwater is 85.37 pg/L (57.80 PC&), 
more than 10 times less than the DOE DCG of 600 pCiL (886 p@). The 1994 total uranium 
results range from 11.9 to 63.3 pgiL (8.1 to 42.9 PC&). None of the 1994 analytical results 
exceed the DOE DCG of 600 p C i L  

5.6.4 Groundwater - Chemical Constituents 

Metals 
As previously indicated, groundwater at NFSS is not used as a public drinking water supply. 
However, to provide a conservative basis for comparison of analytical results, SDWA MCLs and 
New York State Water Quality Regulation Class GA standards were used. Although copper, 
lead, and vanadium are present in groundwater monitoring wells at NFSS, the 1994 analytical 
results indicate that neither the SDWA MCLs nor the New York State Water Quality Regulation 
Class GA standards for these metals were exceeded at any of the wells. 

The 1994 metals results are consistent with previous data, except for the analytical result for 
copper at groundwater monitoring well OW-6B and for vanadium at groundwater monitoring 
well A-45. In 1992 ind 1993, the concentration of copper ranged from nondetect to 10 pg/L. In 
1994, the analytical results for copper range fiom nondetect to 20.6 pg/L (OW-6B). The 

concentration of lead has previously ranged from nondetect to 4.1 pg/L. In 1994, the analytical 
results range fiom nondetect to 1.2 pgL. In 1992 and 1993, the concentration of vanadium 

ranged fiom nondetect to 35.2 pgfL. In 1994, the analytical results range from nondetect to 53.4 

(A-45). 

The 1994 environmental surveillance analytical results for metals in groundwater are presented - ,I in Table 1 1. Only analytical results with detected values are presented. 
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6.0 CONCLUSIONS 

1. External Gamma Radiation 

The 1994 dose to a hypothetical maximally exposed individual residing 1,100 m 

(3,600 ft) southwest of the site has been calculated at 0.0000835 mremlyr above 

background. This value is essentially zero relative to the DOE guideline of 100 mremlyr 

above background. 

2. RadodThoron 

Results of the 1994 radodthoron surveillance program indicate that radon and thoron 

concentrations at the site are consistently low (0.3 pCin to 0.5 pCi/L, including 

background) and in many cases are at or below the detection limit. All radodthoron 
concentrations at NFSS are well below the DOE DCG for radon of 3.0 pCi/L (0.11 BqIL) 
above background. 

3. Radon flux 
The 1994 radon flux measurements at NFSS were significantly below the radon flux 

standard of 20 .p~i /m2/s  (0.74 ~ ~ / m ~ / s )  as specified in 4 0  CFR Part 61, Subpart Q. 
Radon flux measurements ranged from 0.02 to 0.34 pCi/ m2/s (0.0007 to 0.012 ~ ~ / m ~ / s ) ,  

or 0.1 to 1.7 percent of the standard. 

4. Airborne Particulate Dose 
The 1994 hypothetical airborne particulate dose from the wind erosion of soil to an 
individual 1,100 m (3,600 fi) southwest of the site is 0.00000 17 mremlyr. The 1994 

hypothetical airborne particulate collective dose to the population within a 80-krn (50- 
mi) radius of the site has been calculated at 0.0000146 person-remlyr. The hypothetical 
dose to an individual is essentially zero relative to the 10 mremlyr standard in 40 CFR 
Part 61, Subpart H. 

5. Cumulative Dose from External Gamma Radiation and Airborne Particulates 

The 1994 cumulative external gamma radiation and airborne particulate dose to an 
individual is 0.0000852 mredyr. This value is essentially zero when compared to the 

DOE DCG of I00 mredyr. 
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6.  Surface Water 
Radium-226 concentrations (nondetect'to 1.6 pCi/L) in surface water samples were 0 to 
1.6 percent of the DOE DCG (100 pCi/L). 

Total uranium concentrations (0.95 to 5.5 pCi/L) in surface water samples were all less 

than 1 percent of the DOE DCG (600 pCi1L). 

7. Sediment 

Radium-226 concentrations (0.84 to 1.7 pCilg) in sediment samples were 17 to 34 
percent of the DOE soil cleanup level (5 pCi/g). 

8. Groundwater 

Radium-226 concentrations (nondetect to 0.32 pCi/L) in groundwater samples were less 

than 1 percent of the DOE DCG (100 pCi/L). 

Total uranium concentrations (8.1 to 42.9 pCi/L) in groundwater samples were 1.4 to 7.2 
percent of the DOE DCG (600 pCi/L). 

Although drinking water standards are not directly applicable to the groundwater 
systems at NFSS, copper, lead, and vanadium concentrations in groundwater samples 

were all well below the established federal primary and secondary SDWA MCLs and the . . 

NYSDEC Class GA groundwater standards. 
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Figure 1 
Niagara Falls Storage Site Location 
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Figure 10 
Potentiometric Surface Map (October 6, 1994) 

Upper Groundwater System 
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Figure 12 
Piper Trilinear Plot of Water Quality Parameters 
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Figure 13 

Historical and Current Analytical Results for Radium1226 in Groundwater at NFSS 
(Upper Groundwater System) 
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Figure 14 
Historical and Current Analytical ~esults for Total Uranium in Groundwater at NFSS 

(Upper Groundwater System) 
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Table 1 
1994 Sampling Summary for 

Groundwater, Surface Water, and Sediment 

Well ID I 
Sampling Location 

Groundwater 
OW-4B 
OW-6B . 

OW-7B 
OW-15B 
OW-17B 
B02W20S 
A-42 
A-45 
A-50 

-Surface Water 
9 
10 
1 1  
12 

Sediment 
9 
10 
1 1  
12 
20 

Niagara Falls Storage Site 

Radioactive 
! l a  Q2 4 3  Q4 

J 

J 

J 

J 

J 

J 

J 

J 

J 

Metals 

21 Q2 4 3  4 4  

J 

J 

J 

J 

J 

J 
J 

J 

J 

Water Quality 

21 Q2 Q3 Q4 

a. Q 1 =  first quarter 1994 
42 = second quarter 1994 
4 3  = third quarter 1994 
4 4  = fourth quarter 1994 



Table 2 
Sampling Locations and Analytical Methods at NFSS 

External Gamma Radiation and Air 
Page I of 3 

Radiological - TETLD I External gamma radiation I V 1 Thermoluminescence I . NIA I 1,7,8,10,11,12,13,15 18, 1 

. Cateeorv 
Analytical 
Parameter 

I Radiological - Air 

Analytical 
Level 

Radon-222 

Analytical 
Techniaue 

V 

Analytical 
Method 

Sampling 
Locations 

Track-etch N/A 21,23,24,28,29,32,36, 
105, 112, 116, 120, 121, 122, 123 



Table 2 
Sampling Locations and Analytical Methods at NFSS 

Groundwater 
Page 2 of 3 

I 1 Analytical. I Analytical / Analytical I I Sampling I Analytical 

Chemical Dissolved oxygen I1 Electrometric EPA 360.1 
Eh I1 Electrometric N/A A-42, A-45, A-50, 

. Turbidity I1 Electrometric EPA 180.1 OW-IA, OW-4B, OW-6B, OW-7B, 
Temperature I1 Electrometric EPA 170.1 OW-1 5B, OW-17B, B02W20S 

Specific conductivity I1 Electrometric EPA 120.1 ---- 
PH I1 Electrometric EPA 150.0 

Radioactive Total uranium V KPA ASTM D-5174 A-42, A-45, A-50, 
Radium-226 V Alpha spec EPA 903.1 OW-4B, OW-6B, OW-7B, 

OW-15B, OW-17B, B02W20S 

A-42, A-45, A-50, 
OW-4B, OW-6B, OW-7B, 

OW-1 5B, OW- 17B, B02W20S 

EPA 60 10 
EPA 742 1 
EPA 6010 
EPA 415.1 
EPA 601 0 
EPA 60.1 0 
EPA 601 0 
EPA 375.4 
EPA 300.0 
EPA 601 0 
EPA 310.1 
EPA 310.1 
EPA 353.2 
EPA 160.1 

ICPAES 
GFAA 

ICPAES 
Persulfate oxidation 

ICPAES 
ICPAES 
ICPAES 

Turbidimetric 
Ion chromatography 

ICPAES 
Titrametric 
Titrametric 
Colorimetric 
Gravimetric 

111 
I11 
111 
111 
111 
111 
11f 
I11 
I11 
I11 
111 
111 
111 
111 

Chemical Copper 
Lead 

Vanadium 
Total organic carbon 

Calcium 
Potassium 

Magnesium 
Sulfate 

Chloride 
Sodium 

Carbonate 
Bicarbonate - 
Nitrate-N 

Total dissolved solids 



Table 2 
Sampling Locations and Analytical Methods at NFSS 

Surface Water and Sediment 

i 
I 

I I Specific conductivity I I1 I Electrometric I EPA 120.1 . 
I DH I1 Electrometric EPA 150.0 I 

Chemical, Dissolved oxygen I1 
Surface Water Eh : I1 

Turbidity I1 
Temperature I I 

Page 3 of 3 

Category 
Analytical 
Technique 

Electrometric 
Electrometric --- 
Electrometric 
Electrometric 

a. Thorium-232 1 Radium-226 are obtained from a single analysis. 

Analytical 
Parameter 

EPA 360.1 
NIA 

EPA 180.1 
EPA 170.1 

ASTM.= American Society for Testing and Materials 
EML = Environmental Measurements Laboratory 
EPA = Environmental Protection Agency 
GFAA = Graphite furnace atomic adsorption 
ICPAES = Inductively coupled plasma atomic emission spectrophotometry 
KPA = Kinetic phosphorescence analysis 
TETLD = Tissue-equivalent thermoluminescent dosimeter 
TMAIE = Thermo Analytical Eberline 

Analytical 
Level 

Analytical 
Method 

NFSSWFSMETH.XLS(sw sd) 

Sampling 
Locations 

V 
V 

V 
V 

KPA 
Alpha spec 

KPA 
Alpha spec 

Radiological, 
Surface Water 

Radiological, 
Sediment 

Total uranium 
Radium-226 

Total uranium 
Thorium-232 / Radium-226' 

TMAE 
EPA 903.1 

ASTM D-5 174 
EPA 901.1 

r 

9,10, 11,12,20 



Table 3 
1994 External Gamma Radiation Levels 

Niagara Falls Storage Site Page I of 2 

Station ID TETLD Readin~s  " Corrected Ex~osure  b 
Yearly (mrem) Yearly (rnrern) 

1 Property 65.0 - 11.3 
Line 59.4 - 17.5 

7 60.8 - 15.9 
64.6 - 11.7 

11 58.0 - 19.0 
57.8 - 19.2 

12 60.2 - 16.6 
62.0 - 14.6 

13 58.8 - 18.1 
64.0 - 12.4 

15 68.0 - 8.0 
71.4 - 4.3 

28 74.8 - 0.5 
72.6 - 3.0 

29 71.8 - 3.8 
66.4 - 9.8 

36 63.8 - 12.6 
59.4 - 17.5 

122 66.0 - 10.2 
64.8 - 11.5 

123 66.2 - 10.0 
72.0 - 3.6 

Onsite 8 66.2 --'10.0 

24 60.8 - '15.9 
missing missing 



Table 3 
1994 External Gamma Radiation Levels 

Niagara Falls Storage Site 

Station T]D ~ T T , D  Read1 n ~ s  Corrected Exuosure 
. a b 

Yearly (rnrern) Yearly (mrem) 

Background 105 54.8 60.2 

.................................................. TETLD Exposed Days 359 
Calculated values: 
Average Background ............................................... 75.3 

d Corrected Background / year ................................................ 82.7 
1 mrem = 0.01 mSv 

r -- - -- - - - 

TETLD = Tissue-equivalent thermoluminescent dosimeter. There are two TETLDs per station. 

Value presented is average chip reading per TETLD. 
Corrected exposure values are TETLD readings corrected for: shelter/absorption factor (sla = 1.08), 

time, and corrected backgroundyear and are projected to one-year exposure (365 days). 

Corrected exposure = (Reading * 1.08 * 3651Exposed days) - (Corrected backgroundyear) 

Example (Station 1): (65.0*1.08*365/359) - (82.7) = -1 1.3 

Average background is an average of stations 105,112,116, 120, and 12 1. 

Corrected backgroudyear = (365Exposed days)*(Average background)* 1.08 

Example: 3651359 * 75.3 * 1.08 = 82.7 

Page 2 of 2 



Table 4 

1994 Radon and Thoron Concentrations " 
Niagara Falls Storage Site 

Average 
Monitoring Concentrations (pCin) 

Location 1/94 - 4/94 4/94 - 7/94 7/94 - 10194 10194 - 1/95 
Property Line 1 0.3 * 0.3* 0.4* 0.4 

7 0.3* 0.3* 0.4* 0.3* 
11 0.3* 0.3 * 0.4* 0.3" 
12 0.3* 0.3 * 0.4* 0.3 * 
13 0.3* 0.3* 0.4* 0.4 
15 0.3* 0.3* 0.4* 0.3* 
2 8 0.3 * 0.3* 0.4* 0.3* 
29 0.3'* 0.3 0.4* 0.3 * 
3 6 0.3* 0.4 0.4* 0.3 * 
122 0.3* 0.3* 0.4* 0.3* 
123 0.3* 0.3* 0.4* ' ' 0.3 

Quality Control 32 0.3* 0.3* 0.4* 0.3 * 

Background 105 0.3 * 0.3* 0.5 0.3* 
112 0.3* 0.3* 0.4 0.3 
116 0.3 * 0.3* 0.4 -. 0.3 
120 0.3* 0.3* 0.3 0.3* 
121 0.3* 0.4 0.4* 0.3* 

a. 1994 radon and thoron gas concentrations were measured with Type F detectors. 
These detectors measure the combined concentration of radon and thoron in air. 
Historically, thoron has not been detected at NFSS. 

b. Location 32 is the quality control for location 12. 

( * ) Indicates detection limit. 
1 pCi = 0.037 becquerel 



Table 5 
1994 Radon Flux Monitoring Results 

Niagara Falls Storage Site 

Spring Fall 
Sample ID Radon Flux Radon Flux 

p~i/rn2/s p~i/rn2/s 

Page 1 of 3 

Spring Fall 
Sample ID Radon Flux Radon Flux 

p~i/m21s p ~ i / m 2 / s  



Table 5 
1994 Radon Flux Monitoring Results 

Niagara Falls Storage Site 

Spring Fall 
Sample ID Radon Flux Radon Flux 

p ~ i / m ~ / s  p~i/rnz/s 

Page 2 of 3 

Spring Fall 
Sample ID Radon Flux Radon Flux 

pci/rn2/s pcilrnZ/s .. . 



Table 5 
1994 Radon Flux Monitoring Results 

Niagara Falls Storage Site Page 3 of 3 

Spring Fall Spring Fall 
Sample ID Radon Flux Radon Flux Sample ID Radon Flux Radon Flux 

p ~ i / m 2 / s  pci/m2/s p ~ i / m 2 / s  pci/rn2/s 

202-RF-134 0.08 * 0.01 0.01 * 0.01 202-RF- 1 79 0.17 * 0.01 0.02 * 0.02 
202-RF-135 0.1 1 0.01 0.02 * 0.01 202-RF- 180 0.07 * 0.01 0.02 * 0.01 
QC S a m ~ l e s :  



Table 6 
1994 Surface Water Analytical Results - Radioactive Constituents 

Niagara Falls Storage Site 

DOE Derived 
Sampling Date Result Radiological BNI Concentration 
Location Collected Analyte (pCi/L) Error (k) a Flag Guide (pCi/L) 'd 

9 06/06/94 Total uranium 3.9 0.41 600 

10 06/06/94 Total uranium 6.3 0.65 600 

I I 06/06/94 Radium-226 1.6 0.68 
06/06/94 Total -ium 7.5 0.88 

12 06/06/94 Total uranium 5.5 0.56 600 

20 06/06/94 Radium-226 1.6 1.2 J 100 
06/06/94 Total uranium 0.95 0.09 600 

a. Errors quoted at 2-sigma (95 percent confidence level). 
b. Bechtel National, Inc. data qualifier flags: 

U = The analyte was not detected. The detection limit is reported. 
J = Reported as an estimated value. 
R = Result rejected based on quality control considerations; analyte may or may not be present 

in the sample. 
(=) = Actual value reported; no flag also indicates actual value reported. 

c. There are no New York water quality regulations established for radiological parameters. 
Current federal standards ( Safe Drinking Water Act maximum contaminant levels) exist only for 
combined concentrations of radium-226 and radium-228 (5 pCfi).  

d. DOE derived concentration guide for water. 
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Table 7 
1994 Sediment Analytical Results - Radioactive Constituents 

Niagara Falls Storage Site 

Sampling Date Result Radiological BNI Cleanup Criteria 

Location Collected Analyte (pCifg) Error (*) a Flag (pCi1g> 

Errors quoted at 2-sigma (95 percent confidence level). 
Bechtel National, Inc. data qualifier flags: 
U = The analyte was not detected. The detection limit is reported. 
J = Reported as an estimated value. 
R = Result rejected based on quality control considerations; analyte may or may not be present 

in the sample. 
(=) = Actual value reported; no flag also indicates actual value reported. 
DOE soil cleanup criteria - averaged over topmost 15 cm (6 in.) of soil. Because there are no standards 
radioactive constituents in sediment, this soil value is used to provide a conservative basis 
for comparison of sediment results. 

NFSSWFSTBLS.XLS(sd rad) 
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Table 8 
1994 Field Parameter Stimmary 

Niagara Falls Storage Site 

Sampling Date Time Temp pH Spec. Cond. DO Eh Turbidity Purge * Discharge 
Location Collected OC mS/cm mglL mV NTU Volumes GPM 

 roundw water / Shallow Wells 

OW-1A 06/10/94 1259 11.7 8.50 2.09 4.57 0 46 1.2 0.08 

OW-4B 06/08/94 15 10 10.7 7.09 1.820 2.26 107 75 2.1 0.08 

0 W-6B 06/09/94 0830 11.3 7.19 2.1 1 6.84 280 2 0.9 0.08 

OW-7B 06/09/94 1447 12.0 7.74 2.05 5.5 204 16 < 1 0.08 

OW-15B 06/09/94 1005 12.8 7.59 1.740 6.82 155 6 <1 0.08 

OW-17B 06/07/94 1350 10.8 7.62 1.592 7.83 161 6 1.3 0.08 

A-42 06/09/94 1623 11.1 6.88 1.360 5.94 115 3 6 4.6 0.08 

A-45 06/09/94 1018 10.01 6.83 2.2 1 1.63 16 26 2.6 0.08 

A-50 06/07/94 153 5 12.2 7.50 1.852 7.09 113 15 0.8 0.08 

B02W20S 06/07/94 1430 13.2 7.43 1.262 4.21 157 9 2.7 0.08 

Surface Water 

9 06/06/94 1700 22.4 7.66 1.816 

10 06/06/94 1640 22.7 8.32 1.614 

11 06/06/94 1620 22.8 8.38 1.194 

12 06/06/94 1532 22.5 8.29 0.988 

a. Purge volumes = gallons purgedl one purge volume 

( - ) Indicates parameter not measured 



Table 9 
1994 Groundwater Quality Analytical Results 

Niagara Falls Storage Site 

Data Detection Related Regulations 
Sampling Date Result Qualifiers a Limit Federal " State " 

- 

Location Collected Analyte (mi&) BNI Lab (mi&) (mg/L) (mfi) 
OW-1 7B 06/13/94 Bicarbonate 420. - 10 NE NE 
(filtered) 0611 3/94 

0611 3/94 
0611 3/94 
06/13/94 
06/13/94 
06/13/94 _ 06/13/94 
0611 3/94 

Calcium, soluble 96. 
Carbonate 10. 
Chloride 15. 
Magnesium, soluble 158. 
Nitrate, as N 0.02 
Potassium, soluble 2.08 
Sodium, soluble 73.6 
Sulfate 450. 

06/13/94 Total dissolved solids 1,170. - - 5 NE NE 
0611 3/94 Total organic carbon 1.6 U = 0.5 NE NE 

A-42 06/09/94 
(filtered) 06/09/94 

06/09/94 
06/09/94 
06/09/94 
06/09/94 
06/09/94 
06/09/94 

Bicarbonate 
Calcium, soluble 
Carbonate 
Chloride 
Magnesium, soluble 
Potassium, soluble 
Sodium, soluble 
Sulfate 

- 
06/09/94 Total dissolved solids 995. 5 NE NE - - 

-7 . 06/09/94 Total ornanic carbon 2.4 UJ = 0.5 NE NE 

B02W20S 06/07/94 Total organic carbon 2.9 - 0.5 . NE NE b* 
- 

a. Bechtel National, Inc. and laboratory data qualifier flags: 
U = The analyte was not detected. The detection limit is reported. 
J = Reported as an estimated value. 
R = Result rejected based on quality control considerations; analyte may or may not be present 

in the sample. 
(=) = Actual value reported; no flag also indicates actual value reported. 

b. Regulations presented pertain to drinking water quality and are listed for comparison only. 
No drinking water supply is obtained from groundwater at NFSS. NE =Not established. 

c. Safe Drinking Water Act maximum contaminant leveis fiom EPA Drinking 
Water Regulations and Health Advisories (May 1994). 

d. NYSDEC Water Quality Regulations (6 NYCRR Chapter X, Subchapter A, Part 703) (January 1994) 
or NYSDEC TAGM (January 1994). 

- 
NFSS\NFSTBLS.XLS(gw wq) 
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Table 10 
1994 Groundwater  Analytical Results - Radioactive Constituents 

Niagara Falls Storage Site 

DOE Derived 
Sampling Date Result Radiological BNI Concentration 

Location Collected Analyte (pCVL) Error (*) a Flag Guide (pCi/L,) C ' d  

OW-4B 06/08/94 Radium-226 0.28 0.17 100 
06/08/94 Total uranium 20. 2.4 600 

OW-6B 06/09/94 Radium-226 0.21 0.14 
06/09/94 Total uranium 18.5 1.9 

OW-7B 06/13/94 Radium-226 0.28 0.18 
06/13/94 Total uranium 10.4 1.3 

OW-15B 0611 3/94' Total uranium 8.1 0.95 600 

OW-17B 0611 3/94 Radium-226 0.3 0.17 100 
0611 3/94 Total uranium 5.7 0.58 600 

B02W20S 06/07/94 Radium-226 0.34 0.21 100 
06/07/94 Total uranium 6.6 0.68 600 

A-42 06/09/94 Radium-226 0.32 0.21 100 
06/09/94 Total uranium 42.9 5.1 600 

A-45 06/09/94 Radium-226 0.21 0.15 100 
06/09/94 Total uranium 36.4 4.3 600 

A-50 06/08/94 Radium-226 0.3 0.19 100 
06/08/94 Total uranium 11.2 1.4 600 

a Errors quoted at 2-sigma (95 percent confidence level). 
b. Bechtel National, Inc. data qualifier flags: 

U = The analyte was not detected. The detection limit is reported. 
J = Reported as an estimated value. 
R = Result rejected based on quality control considerations; analyte may or may not be 

present in the sample. 
(=) = Actual value reported; no flag also indicates actual value reported. 
There are no New York water quality regulations established for radiological parameters. 
Current federal standards ( Safe Drinking Water Act maximum contaminant levels) exist only for 
combined concentrations of radium-226 and radium-228 (5 pCi/L). 
DOE derived concentration guide for water. 

NFSSWFSTBLS.XLS(gw rad) 54 



r-. .  

?- 

-..* 

." , . 

*- 

*,-. 

> .  

:-- 

. I  

PI- 

* S 

- 
b .  

,-- 

+ -, 

- 
L. -, 

C 

k% * 

,- 

-4 

- 
b"" 

- 
- 
- 
h* - 
L 

?- 

k4 

- 
w 

i I 

?/ 

-+ 

?-- 

Table 11 
1994 Groundwater  Analytical Results - Metals 

Niagara Falls Storage Site 

Detection Related Regulations - 
Sampling Date Result BNI Laboratory Limit Federal State 
Location Collected Analyte (pg/L) Flag a Flaga (P~W (P@) (Em 

OW4B 06/08/94 , , Copper, total 9.3 - 3.3 1300 200 - 
06/08/94 Lead, total 0.9 J - - 0.8 15 25 

OW-6B 06/09/94 Copper, total 20.6 J - - 3.3 1300 200 
06/09/94 Vanadium, total 45.1 J = 3.6 NE NE 

0 W-7B 06/13/94 Vanadium. total 44.7 - 7.4 NE NE - 
- 

OW-1 5B 06/13/94 Vanadium. total 29.8 

OW-17B 06/13/94 Vanadium, total 30.7 - - 7.4 NE NE 

A 4 5  06/09/94 Copper, total 4.8 J - 3.3 1300 200 - 

06/09/94 Vanadium, total 53.4 J - - 3.6 NE NE 

A-50 06/08/94 Copper, total 7.8 - 3.3 1300 200 - 
06/08/94 Lead, total 1.2 J - 0.8 15 25 - 

B02W20S 06/07/94 Copper, total 6.2 - 3.3 1300 200 - 

a. Bechtel National, Inc. and laboratory data qualifier flags: 
U = The analyte was not detected. The detection limit is reported. 
J = Reported as an estimated value. 
R = Result- rejected based on quality control considerations; analyte may or may not be present 

in the sample. 
(=) = Actual value reported; no flag also indicates actual value reported. ' 

b. Regulations presented pertain to drinking water quality and are listed for comparison only. 
No drinking water supply is obtained from groundwater at NFSS. NE = Not established. 

c. Safe Drinking Water Act maximum contaminant levels from EPA Drinking 
Water Regulations and Health Advisories (May 1994). 

d. NYSDEC Water Quality Regulations (6 NYCRR Chapter X, Subchapter A, Part 703) (January 1994) 
or NYSDECTAGM (January 1994). 
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Table 5 
1994 Radon Flux Monitoring Results 

Niagara Falls Storage Site 

Spring Fall 
Sample ID Radon Flux Radon Flux 

p ~ i / r n ~ / s  p ~ i / m 2 / s  

202-RF-134 0.08 * 0.01 0.01 i 0.01 
202-RF-135 0.1 1 * 0.01 0.02 * 0.01 
QC Samples: 

202-RF-010 0.15 * 0.01 0.03 * 0.01 
202-RF-020 0.12 * 0.01 0 * 0.01 
202-RF-030 0.09 * 0.01 0 * 0.01 
202-RF-040 0.09 * 0.0 1 -0.0 1 * 0.0 1 
202-RF-050 0.1 1 i 0.01 -0.01 k 0.01 
202-RF-060 0.08 * 0.01 0 * 0.01 
202-RF-070 0.1*0.01 0.01*0.01 
202-RF-080 0.19 *'0.01 0.01 0.01 
202-RF-090 0.1 * 0.01 0.01 * 0.01 

Spring Fall 
Sample ID Radon Flux Radon Flux 

pci/m2/s p~i/rn2/s 

Page 3 of 3 



Table 6 
1994 Surface Water  Analytical Results - Radioactive Constituents 

Niagara Falls Storage Site 

DOE Derived 
Sampling Date Result Radiological BNI Concentration 
Location Collected Analyte (pCi/L) Error (A) a Flag Guide (pCi/L) 'd 

9 06/06/94 Total uranium 3.9 0.41 600 

10 06/06/94 Total uranium 6.3 0.65 600 

11 06/06/94 Radium-226 1.6 0.68 100 

06/06/94 Total knium 7.5 0.88 600 

12 06/06/94 Total uranium 5.5 0.56 600 

20 06/06/94 Radium-226 1.6 1.2 J 100 
06/06/94 Total uranium 0.95 0.09 600 

Errors quoted at 2-sigma (95 percent confidence level). 
Bechtel National, Inc. data qualifier flags: 
U = The analyte was not detected. The detection limit is reported. 
J = Reported as an estimated value. 
R = Result rejected based on quality control considerations; analyte may or may not be present 

in the sample. 
(=) = Actual value reported; no flag also indicates actual value reported. 
There are no New York water quality regulations established for radiological parameters. 
Current federal standards ( Safe Drinking Water Act maximum contaminant levels) exist only for 
combined concentrations of radium-226 and radium-228 (5 pCilL). 
DOE derived concentration guide for water. 
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Table 7 
1994 Sediment Analytical Results - Radioactive Constituents 

Niagara Falls Storage Site 

Sampling Date Result Radiological BNI Cleanup Criteria 
Location Collected Analyte (pCi1g) Error (*) a Flag (pCi1g) 

Y. 

a. Errors quoted at 2-sigma (95 percent confidence level). 
, b. Bechtel National, Inc. data qualifier flags: 

U = The analyte was not detected. The detection limit is reported. 
)" J = Reported as an estimated value. 
" .  R = Result rejected based on quality control considerations; analyte may or may not be present 

in the sample. -- (=) = Actual value reported; no flag also indicates actual value reported. 

b % 
c. DOE soil cleanup criteria - averaged over topmost 15 cm (6 in.) of soil. Because there are no standards 

radioactive constituents in sediment, this soil value is used to provide a conservative basis 
TP-, for comparison of sediment results. 



Table 8 
1994 Field Parameter  Summary 

Niagara Falls Storage Site 

Sampling Date Time Temp pH Spec. Cond. DO Eh Turbidity Purge a Discharge 

Location Collected OC mS/cm mg/L mV NTU Volumes GPM 

~roundwat-er / Shallow Wells 

OW-1A 06/10/94 1259 11.7 8.50 2.09 4.57 0 46 1.2 0.08 

OW-4B 06/08/94 151 0 10.7 7.09 1.820 2.26 107 7 5 2.1 0.08 

0 W-6B 06/09/94 0830 11.3 7.19 2.1 1 6.84 280 2 0.9 0.08 

OW-7B 06/09/94 1447 12.0 7.74 2.05 5.5 204 16 <1 0.08 

OW-15B 06/09/94 1005 12.8 7.59 1.740 6.82 155 6 <1 0.08 

OW-17B 06/07/94 1350 10.8 7.62 1 .592 7.83 161 6 1.3 0.08 

A-42 06/09/94 1623 11.1 6.88 1.360 5.94 115 3 6 4.6 0.08 

A-45 06/09/94 1018 10.01 6.83 2.2 1 1.63 16 26 2.6 0.08 
Cn 
N A-50 06/07/94 1535 12.2 7.50 1.852 7.09 113 15 0.8 0.08 

B02W20S 06/07/94 1430 13.2 7.43 1.262 4.21 157 9 2.7 0.08 

Surface Water 

9 06/06/94 1700 22.4 7.66 1.816 - 
10 06/06/94 1640 22.7 8.32 1.614 

11 06/06/94 1620 22.8 8.38 1.194 

12 06/06/94 1532 22.5 8.29 0.988 

20 06/06/94 15 10 8.2 7.70 0.498 

a. Purge volumes = gallons purgedl one purge volume 

( - ) Indicates parameter not measured 



Sampling Date 

PI* 

Table 9 
1994 Groundwater Quality Analytical Results 

Niagara Falls Storage Site 

Data Detection Related Regulations 

Result Qualifiers a Limit Federal " State " 

Location Collected Analyte ( m f l )  BNI Lab @@I (m@) (m&) 
OW-17B 06/13/94 Bicarbonate 420. - - 10 NE NE 
(filtered) 0611 3/94 

061 13/94 
0611 3/94 
0611 3/94 
0611 3/94 

0611 3/94 
., 06/13/94 

0611 3/94 

Calcium, soluble 
Carbonate 
Chloride 
Magnesium, soluble 
Nitrate, as N 
Potassium, soluble 
Sodium, soluble 
Sulfate 

06/13/94 Total dissolved solids 1,170. - - 5 NE NE 
06/13/94 Total organic carbon 1.6 U = 0.5 NE NE 

A-42 06/09/94 
(filtered) 06/09/94 

06/09/94 
06/09/94 
06/09/94 
06/09/94 
06/09/94 
06/09/94 

Bicarbonate 
Calcium, soluble 
Carbonate 
Chloride 
Magnesium, soluble 
Potassium, soluble 
Sodium, soluble 
Sulfate 

06/09/94 Total dissolved solids 995. - - 5 NE NE 
. 06/09/94 Total organic carbon 2.4 UJ = 0.5 NE NE 

B02W20S 06/07/94 Total organic carbon 2.9 - - 0.5 NE NE 

a. Bechtel National, Inc. and laboratory data qualifier flags: 
U = The analyte was not detected. The detection limit is reported. 
J = Reported as an estimated value. 
R = Result rejected based on quality control considerations; analyte may or may not be present 

in the sample. 
(=) = Actual value reported; no flag also indicates actual value reported. 

b. Regulations presented pertain to drinking water quality and are listed for comparison only. 
No drinking water supply is obtained from groundwater at NFSS. NE =Not established. 

c. Safe Drinking Water Act maximum contaminant levels fiom EPA Drinking 
Water Regulations and Health Advisories (May 1994). 

d. NYSDEC Water Quality Regulations (6 NYCRR Chapter X, Subchapter A, Part 703) (January 1994) 
or NYSDEC TAGM (January 1994). 

- 
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Table 10 
1994 Groundwater Analytical Results - Radioactive Constituents 

Niagara Falls Storage Site 

DOE Derived 
Sampling Date Result Radiological BNI Concentration 
Location Collected Analyte (pCi/L) Error (A) a Flag Guide (pCi/L) C'd 

OW-4B 06/08/94 Radium-226 0.28 0.17 100 
06/08/94 Total uranium 20. 2.4 600 

OW-6B 06/09/94 Radium-226 0.2 1 0.14 100 
06/09/94 Total uranium 18.5 1.9 600 

06/13/94 Total uranium 10.4 1.3 600 

OW-15B 0611 3/94' Total uranium 8.1 0.95 600 

0.17 OW-17B 06/13/94 Radium-226 0.3 100 
0611 3/94 Total uranium 5.7 0.58 600 

B02W20S. 06/07/94 Radium-226 0.34 0.21 100 
06/07/94 Total uranium 6.6 0.68 ,600 

06/09/94 Total uranium 42.9 5.1 600 

A45 06/09/94 ~adikn-226 0.2 1 0.15 100 
06/09/94 Total uranium 36.4 4.3 600 

A-50 06/08/94 Radium-226 0.3 0.19 100 
06/08/94 Total uranium 11.2 1.4 600 

a. Errors quoted at 2-sigma (95 percent confidence level). 
b. Bechtel National, Inc. data qualifier flags: 

U = The analyte was not detected. The detection limit is reported. 
J = Reported as an estimated value. 
R = Result rejected based on quality control considerations; analyte may or may not be , 

present in the sample. 
(=) = Actual value reported; no flag also indicates actual value reported. 

c. There are no New York water quality regulations established for radiological parameters. 
Current federal standards ( Safe Drinking Water Act maximum contaminant levels) exist only for 
combined concentrations of radium-226 and radium-228 (5 pCi/L). 

d. DOE derived concentration guide for water. 
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Sampling Date 

Table 11 
1994 Groundwater Analytical Results - Metals 

Niagara Falls Storage Site 

Detection Related Regulations 

Result BNI Laboratory Limit Federal State 

OW-4B 06/08/94. . Copper, total 9.3 - - 3.3 1300 200 
06/08/94 Lead, total 0.9 J - 0.8 15 25 - 

OW-6B 06/09/94 Copper, total 20.6 J - 3.3 1300 200 - 

06/09/94 Vanadium, total 45.1 J - 3.6 NE NE - 

OW-7B 06/13/94 Vanadium, total 44.7 - - 7.4 NE NE 

OW-1 5B 06/13/94 Vanadium. total 29.8 - - 7.4 NE NE 

OW-17B 06/13/94 Vanadium, total 30.7 - - 7.4 NE NE 

A-45 06/09/94 Copper, total 4.8 J - 3.3 1300 200 - 

06/09/94 Vanadium, total 53.4 J - 3.6 NE NE - 

' A-50 06/08/94 Copper, total 7.8 - 3.3 1300 200 - 
06/08/94 Lead. total 1.2 J - 0.8 15 25 - 

B02W20S 06/07/94 Copper, total 6.2 - 3.3 1300 200 - 

a. Bechtel National, Inc. and laboratory data qualifier flags: 
U = The analyte was not detected. The detection limit is reported. 
J = Reported as an estimated value. 
R = Result rejected based on quality control considerations; analyte may or may not be present 

in the sample. 
(=) = Actual value reported; no flag also indicates actual value reported. 

b. Regulations presented pertain to drinking water quality and are listed for comparison only. 
No drinking water supply is obtained from groundwater at NFSS. NE =Not established. 

c. Safe Drinking Water Act maximum contaminant levels fiom EPA Drinking 
Water Regulations and Health Advisories (May 1994). 

d. NYSDEC Water Quality Regulations (6 NYCRR Chapter X, Subchapter A, Part 703) (January 1994) 
or NYSDEC TAGM (January 1994). 
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