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Executive Summary 
 
Beginning in 1952, the Lake Ontario Ordnance Works (LOOW), near Lewiston, New York, 
began receiving low-level radioactive waste from the Knolls Atomic Power Laboratory (KAPL) 
located in Schenectady, New York. The waste originated from the Separations Process Research 
Unit (SPRU), a pilot plant that conducted laboratory-scale research on non-irradiated and slightly 
irradiated test specimens, for development of processes later used at other facilities on a 
production scale to extract uranium and plutonium from irradiated uranium. SPRU commenced 
operation at KAPL in 1950 (DOE 2006b).  
 
The purpose of this report is to determine if KAPL waste residuals remain on the Niagara 
Falls Storage Site (NFSS) proper or the vicinity properties (VPs) in concentrations requiring the 
involvement of the U.S. Department of Energy’s (DOE’s) Office of Environmental 
Management (EM). 
 
The waste stream from SPRU consisted of (1) sludge from "evaporator bottoms" (i.e., the 
contents remaining after liquid wastes were evaporated to reduce their volume) and 
(2) associated contaminated material such as protective clothing. Other waste received from 
KAPL consisted of combustible materials with a radioactivity of approximately 
12 milliroentgens per hour from mixed fission products. The KAPL wastes were temporarily 
stored at various locations on the LOOW prior to being repackaged and shipped to Oak Ridge 
National Laboratory for permanent disposal.  
 
According to historical process knowledge and waste profile information from remediation at the 
KAPL facility, the predominant radionuclide was cesium-137 (Cs-137), with minor amounts of 
strontium-90 (Sr-90) and americium-241 (Am-241).  
 
DOE remediated a portion of the LOOW under the Formerly Utilized Sites Remedial Action 
Program (FUSRAP). Under FUSRAP, DOE found that the NFSS and 26 nearby VPs were 
contaminated with radiological material, including KAPL waste residuals on some of 
the properties.  
 
DOE assessment, remediation, and verification processes were designed to investigate known 
locations where KAPL wastes were handled. Cs-137 was used as an indicator for KAPL waste, 
and suspected areas were investigated through the use of gamma measurements; subsurface 
explorations; tighter, more closely spaced surveys; and targeted analytical programs in the areas 
where KAPL wastes were known to have been stored or incinerated (Berger 2010). Records 
indicate that KAPL wastes were stored and combustibles incinerated on the NFSS proper and on 
VP-E', VP-H', VP-N/N' North, VP-N/N' South, and VP-X. 
 
DOE remediated 23 of the VPs (referred to as the “completed” VPs), including the properties 
identified as storage or incineration locations for KAPL waste. Cesium results for the completed 
VPs, prior to remediation, ranged from background (less than 0.02 to 1.05 picocuries per gram 
(pCi/g) up to 33.0 pCi/g, and these areas were consequently remediated by DOE. The U.S. Army 
Corp of Engineers (USACE) was assigned responsibility to conduct remedial activities on 
FUSRAP sites by Congress in 1997 and will investigate the remaining three active VPs (VP-E, 
VP-E', and VP-G) and the NFSS proper. 
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During remedial investigations, USACE detected traces of Am-241 in approximately 1 percent 
of samples from the NFSS, and so determined that it is not a contaminant of concern. This also 
suggests that other transuranic elements are unlikely to be present in significant concentrations or 
to be widespread in the NFSS or on the vicinity properties in soils or sediment. Plutonium-239 
(Pu-239) was also detected, but only in trace amounts.  
 
If KAPL material is identified exceeding cleanup criteria on the NFSS or the VPs, the agency 
responsible for the KAPL-related constituents would be EM1, which is currently remediating the 
SPRU facility in Schenectady, New York.  
 
After review of the historical site documentation, DOE reports, and USACE radiological data 
presented in the Remedial Investigation Report and Remedial Investigation Addendum for the 
NFSS, DOE concludes the following:  

 DOE remediated the completed VPs for unrestricted residential use, (though it is noted that 
the New York State Department of Health has also enforced land use restrictions on some of 
the completed VPs). Sample and walkover gamma scan results indicate that no wastes 
remain that would cause referral to USACE for further remediation. No EM involvement is 
required at these properties. 

 For the active VPs (VP-E, VP-E', and VP-G), results of DOE’s cleanup of the accessible 
portions of these properties indicate that KAPL waste does not remain at concentrations 
greater than the DOE cleanup limit:  

 Inaccessible areas were not associated with historic KAPL waste handling. Therefore, it 
is unlikely that KAPL waste remains on the active (i.e., the three remaining) VPs.  

 Because gamma activity was used by DOE during remediation/verification activities for 
excavation control, additional USACE cleanup of FUSRAP wastes on these properties 
will likely result in the remediation of any co-located residual KAPL wastes to 
acceptable levels or identification of KAPL waste that is not co-located.  

 Although USACE has not established a cleanup level for Cs-137 on the active NFSS 
VPs, DOE assessment and remediation data indicate that assessed Cs-137 was 
remediated and significant Cs-137 is unlikely to remain. Because of the low likelihood 
of encountering significant KAPL waste on the active NFSS VPs, no need for EM 
involvement is anticipated at these properties. 

 USACE assessment soil sampling results on the NFSS proper indicate that KAPL waste 
does not exceed the DOE cleanup level for Cs-137. USACE has not established a cleanup 
level for Cs-137 on NFSS proper. The USACE cleanup of FUSRAP wastes on the NFSS 
proper will likely result in the remediation of any co-located residual KAPL wastes or 
identification of KAPL waste that is not co-located. 

 
If a residential exposure scenario is used, the concentration of Cs-137 would result in a risk of 
1  10 E–6 or 4.06 pCi/g (EPA 2010; this includes the ingestion of 25 percent of fruits and 
vegetables from a home garden). DOE’s remediation limit for Cs-137 was based on pathway 

                                                 
1 EM is currently responsible for the remediation of KAPL waste at the Schenectady, New York, location. If KAPL 
waste is identified after this action has been completed, responsibility would fall to LM for assessment and referral 
back to USACE. 
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analysis based on RESRAD computer code. The analysis determined 33 pCi/g would result in 
risks less than 1  10 E–5 (DOE 1988) for the same scenario. Another benchmark for 
protectiveness is the U.S. Nuclear Regulatory Commission’s surface soil screening level for 
decommissioning, which is 11 pCi/g for Cs-137 (NUREG 1757 Vol. 1). Therefore, the DOE 
cleanup limit for the NFSS VPs does not result in unacceptable risk for an unrestricted 
residential use scenario. USACE found Cs-137 concentrations as high as 5.15 pCi/g on the 
NFSS proper (USACE 2009a), which would be within the range of acceptable risk for this 
exposure scenario.  
 
USACE stated in 2009 that the subsistence farming scenario was “overly conservative” and 
“highly unlikely” due to the proximity to landfills, poor water quality, and low groundwater yield 
(USACE 2009b). Therefore, it is probable that the residential exposure assumptions are 
reasonably conservative for analyzing risk from Cs-137 residuals. Based on a comparison of 
measured Cs-137 concentrations to U.S. Environmental Protection Agency risk-based 
Preliminary Remediation Goals, residual Cs-137 from KAPL waste does not pose an 
unacceptable human health risk for an unrestricted residential land-use scenario. 
 
The affected properties currently are zoned for industrial or commercial use. Much of the land is 
used for landfills. The New York State Department of Health has applied land use restrictions, 
which limit the use of the property to its existing use and in some cases restricts intrusive work.  
 
On the basis of this evaluation, DOE has concluded that, although minor KAPL residuals remain, 
particularly Cs-137, they are less than a risk-based screening benchmark. Therefore, they do not 
pose an unacceptable risk and do not require further remediation.  
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1.0 Introduction 
 
The Niagara Falls Storage Site (NFSS) and associated vicinity properties (VPs) are located near 
the town of Lewiston, New York. The NFSS proper is a 191-acre site. The NFSS proper and the 
VPs combined occupy approximately 1,500 acres of the original 7,500-acre facility formerly 
known as the Lake Ontario Ordnance Works (LOOW) (Figure 1). Radiological waste residuals 
on this portion of the former LOOW are being remediated under the Formerly Utilized Sites 
Remedial Action Program (FUSRAP). 
 
Federal activities at the LOOW in the 1940s and 1950s included storage and transshipment of 
radioactive waste and uranium scrap. Among the various materials sent to LOOW was 
radioactive waste from the Knolls Atomic Power Laboratory (KAPL) in Schenectady, New 
York. Most KAPL waste was shipped off site or remediated. To determine if any KAPL waste 
remains at the NFSS or VPs that requires remediation, the U.S. Department of Energy (DOE) 
Office of Legacy Management has evaluated data for the NFSS and VPs. Evaluation results are 
presented in this report.  
 
1.1 Objective 
 
The objective of this evaluation is to determine if KAPL waste residuals remain on the NFSS 
proper or the VPs. The evaluation included the following tasks: 

 Review historical records to identify areas where KAPL wastes may have been handled, 
stored, or incinerated; and  

 Review the results of assessment, post-remediation, and verification surveys to identify any 
areas that may need further evaluation and possible remedial action. 

 
1.2 Background 
 
The federal government constructed a trinitrotoluene (TNT) manufacturing facility on the 
LOOW in 1943. The TNT plant operated for about 9 months and was shut down. By 1944, 
1,500 acres of the LOOW had been reassigned to the Manhattan Engineer District (MED) of the 
U.S. Army Corp of Engineers (USACE). MED used the site as an interim storage location for 
various wastes, including radioactive residues that resulted from the processing of uranium ore 
during the development of the atomic bomb. Wastes stored ranged from building and office 
materials to process sludge. Site ownership passed from MED to its successor agencies, the 
U.S. Atomic Energy Commission (AEC), the U.S. Energy Research and Development 
Administration, and, for the NFSS proper, DOE. The VPs are currently owned by private parties 
or local government. 
 
AEC initiated FUSRAP in 1974. By 1997, DOE had remediated 23 of 26 VPs. Those 
23 remediated VPs are referred to as “completed.” In 1997 Congress transferred responsibility 
for FUSRAP assessment and remediation to USACE, which is currently performing a Remedial 
Investigation/Feasibility Study of the NFSS proper. USACE will also investigate the remaining 
three active VPs: VP-E, VP-E' and VP-G. DOE had initiated remediation of the three active VPs 
but could not complete certification of the properties because of inaccessible areas and 
owner activities.  
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Figure 1. Vicinity Properties at the Niagara Falls Storage Site, New York 
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To provide a comprehensive sequence of events and previous investigations, a chronology of 
activities on the NFSS and the vicinity properties is provided in Table 1. 
 

Table 1. Historical Chronology for the Niagara Falls Storage Site 
 

Date Event 
1942 Construction of LOOW by USACE 
1942–1943 TNT production 
1944–1953 Interim waste storage, uranium transshipment 
1952–1954 KAPL storage on LOOW beginning at Building 845-1 (VP-E') 
1953–1954 Boron Isotope project at Building 401; KAPL waste moved to other locations 

1954–1955 
Major decontamination of properties by Hooker Chemical includes repackaging of KAPL waste 
and drumming of ashes from incineration of contaminated combustible waste for shipment to 
Oak Ridge, Tennessee  

1955 Excess properties sold by AEC (approximately 1,511 acres) 
1958 Last shipment of KAPL waste from LOOW to Oak Ridge, Tennessee 
1958–1971 Boron production resumed 

1968 
U.S. General Services Administration disposed of additional 1,298 acres, leaving a 213-acre 
AEC-owned site (Aerospace Corp. 1982.) 

October 1970 Elevated radiological contamination confirmed 

April 1972–1974 
AEC remediates areas exceeding 50 microroentgens per hour (μR/hr); New York State 
Department of Health (NYSDOH) places land use restrictions on all of the excessed properties 
based on State decontamination criteria of 20 μR/hr 

June 1972  Radiological surveys and decontamination complete (AEC 1973) 
1973 Aerial and vehicle-mounted surveys confirm remaining portions were contaminated 
1975 Additional acreage sold to private parties, leaving the 191-acre NFSS proper 
1971–1981 National Lead of Ohio was caretaker for the site 
1978  Aerial survey by DOE using more sensitive helicopter-mounted instruments 

1979  
DOE commissions Battelle Columbus Laboratories to perform comprehensive surveys over the 
storage site and including offsite areas 

1981  
Bechtel National, Inc., becomes caretaker of the site and begins development of plans for 
additional post-remedial actions 

June 1981  Remedial action and radiological surveys on VP-N/N' North (Eberline 1981) 
1983–1984 Comprehensive assessments performed on all offsite properties 

1983–1990 
Post-remedial-action and verification surveys completed for VPs (did not include VP-E, VP-E', 
and VP-G, which had inaccessible areas) 

1997 
Congress transferred the authority for FUSRAP from DOE to USACE in the Energy, Water 
Development and Appropriations Act, transferring the responsibility for remediation from DOE 
to USACE  

2007 USACE completes Remedial Investigation Report (RIR) for NFSS  
2011 USACE completes the Remedial Investigation Addendum Report  

 
 
This evaluation uses (1) assessment, post-remediation, and verification data acquired by DOE; 
(2) USACE assessment data from NFSS; (3) documentation describing historical KAPL waste 
handling at LOOW; and (4) process knowledge of KAPL waste from LOOW site documentation 
and from current remediation activities of the Separations Process Research Unit (SPRU) at the 
KAPL facility. 
 
1.3 Stakeholder Roles and Responsibilities 
 
Section 1.3.1 through Section 1.3.4 outline the roles and responsibilities of DOE, USACE, state 
and federal agencies, and stakeholders involved with remediation of NFSS proper and its VPs.  
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1.3.1 Department of Energy 
 
FUSRAP was created in 1974. Cleanup of eligible FUSRAP sites was the responsibility of the 
AEC and its successor agencies, the U.S. Energy Research and Development Administration 
(ERDA) and then DOE, until 1997. AEC/ERDA/DOE was self-regulated and established 
cleanup criteria and remediation processes for FUSRAP sites (see also additional discussion in 
Section 2.0). Under FUSRAP, DOE was responsible for the cleanup of only radiological 
contamination. For remediation of the NFSS VPs, correspondence records indicate that the New 
York State Department of Environmental Conservation (NYSDEC), the New York State 
Department of Health (NYSDOH), and the U.S. Environmental Protection Agency (EPA) were 
kept informed and consulted during the decontamination, assessment, and remediation.  
 
During review of the NFSS and surrounding areas, conducted in the 1970s and 1980s under the 
authority of DOE, properties adjacent to the NFSS that were known or suspected of having been 
used for storage of radioactive materials and contained radiological contamination were 
designated as VPs for environmental response and were assigned letter designations. As of 
March 1997, DOE had completed remediation of all but three VPs. DOE has responsibility for 
long-term surveillance of the 23 completed VPs. The NFSS and the three partially remediated 
VPs (VP-E, VP-E', and VP-G) are still open FUSRAP sites under the authority of USACE.  
 
In addition to long-term surveillance and maintenance activities for the completed sites and VPs, 
DOE is responsible for determining if new information or changed site conditions warrant the 
referral of a completed site to USACE for additional assessment and, if necessary, remediation. 
DOE is also responsible for determining if a new site is eligible for remediation under FUSRAP.  
 
DOE uses the following criteria to determine if a site should be referred to USACE for further 
assessment: 

 A third-party characterization or survey reveals existing MED- or AEC-related 
contamination that was not previously identified. 

 A review of historical records indicates the potential for existing MED/AEC contamination 
that was not previously identified. 

 An individual with credible institutional knowledge provides information that additional 
MED/AEC contamination might exist that was not identified in previous assessments. 

 
1.3.2 U.S. Army Corps of Engineers 
 
Congress transferred responsibility for assessing and remediating FUSRAP sites from DOE to 
USACE in 1997. In March 1999, DOE and USACE entered into a memorandum of 
understanding (MOU) for the purpose of delineation, administration, and execution of FUSRAP 
responsibilities (DOE and USACE 1999). The MOU implements the direction of Congress that 
USACE has the authority to administer and execute cleanup activities at eligible FUSRAP sites 
pursuant to the provisions of the Energy and Water Development Appropriations Act of 1998; 
the Energy and Water Development Appropriations Act of 1999; the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA); and the National Oil and 
Hazardous Substances Pollution Contingency Plan. In addition, the MOU stipulates that DOE 
does not have regulatory responsibility or control over the FUSRAP activities of USACE. 
USACE is responsible for all environmental response activities at a FUSRAP site until 2 years 
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after remedial action is complete, at which time DOE assumes responsibility for long-term 
surveillance and maintenance of the site.  
 
USACE is responsible for the cleanup of FUSRAP wastes from the NFSS and the three active 
VPs that remained to be remediated when the program was transferred in 1997. Additionally, 
USACE is responsible for cleanup of U.S. Department of Defense-related wastes from 
approximately 6,500 acres of the LOOW, which includes the NFSS and VPs. The Department of 
Defense cleanup is being conducted under the Defense Environmental Restoration Program for 
Formerly Used Defense Sites (DERP-FUDS) program.  
 
1.3.3 State and Federal Regulatory Agencies 
 
The NYSDEC provides input and oversight of the USACE Buffalo District’s ongoing FUSRAP 
cleanup, as well as regulatory oversight of the Modern Municipal, Inc.’s, municipal waste 
landfill and the Chemical Waste Management (CWM) hazardous waste landfill. These landfills 
occupy the majority of the 26 VPs and access to the company property restricts the access to the 
VPs that lie within their facilities.  
 
NYSDOH maintains land-use controls over portions of the NFSS and VPs. These were first 
imposed in 1972 after initial AEC activities indicated that dose rates from stored radioactive 
materials were potentially hazardous to the public. These controls, in the form of use restrictions, 
are still in effect for several of the completed VPs and prevent the properties from development 
or disturbance of the surface without an acceptable plan approved by the New York State 
Commissioner of Health (Wallo 1980; DOE 1980a). Under these restrictions, the owner or future 
owner of a restricted property is responsible for performing the necessary due diligence, to 
ensure compliance with the restrictions, if there is a sale of the property or a change in surface 
conditions or land use.  
 
EPA Region 2 provides regulatory oversight of the USACE operations and assists NYSDEC in 
its oversight of the municipal and hazardous waste landfill operations.  
 
1.3.4 Stakeholders 
 
USACE currently has a public outreach program for the LOOW and NFSS described in the 
Public Involvement Plan, Former Lake Ontario Ordnance Works Site (Defense Environmental 
Restoration Program for Formerly Used Defense Sites) and Niagara Falls Storage Site 
(Formerly Utilized Sites Remedial Action Program), Lewiston and Porter, New York, for  
2009–2010 (May 2009). 
 
Stakeholders expressed questions about the possibility of KAPL residuals remaining on NFSS 
proper and the VPs. DOE evaluated the final site conditions and solicited input of new 
information from stakeholders. USACE has allowed DOE to present information to stakeholders 
at USACE public meetings. DOE has provided contact information to stakeholders and DOE will 
respond to stakeholder inquiries. 
 
Stakeholders may contact DOE at 720-377-9672 or by E-mail at FUSRAPinfo@lm.doe.gov. 
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1.4 Current Site Conditions 
 
The 191-acre NFSS proper is surrounded by a 7-foot-high chain-link fence topped with barbed 
wire and access is controlled by USACE. Access to the majority of the surrounding VPs is 
restricted to the general public by private industry site operators of the Modern Municipal 
landfill and CWM hazardous waste landfill, which border the NFSS to the north and east. The 
majority of the LOOW building structures have been removed with the exception of the concrete 
foundations and below-ground infrastructure.  
 
DOE owns the NFSS proper and USACE controls land use on that property while remediation is 
in process. The NFSS proper contains the Interim Waste Containment Structure, which was 
constructed by DOE to isolate FUSRAP waste remediated from the VPs.  
 
Current land use is industrial/commercial.  
 
1.5 Eligibility of KAPL Residuals for FUSRAP Remediation 
 
FUSRAP addresses wastes generated through MED/AEC activities that are on sites that are not 
included in another program. In the case of potential KAPL waste on the NFSS and VPs, the 
material is currently being remediated by the DOE Office of Environmental Management (EM) 
at the SPRU at the KAPL Schenectady, New York, location. Although a formal waste eligibility 
determination has not been conducted by USACE, responsibility for remediation of any 
remaining KAPL waste found on the NFSS or VPs may be covered by EM.  
 
 

2.0 Regulatory Framework 
 
The primary contaminants at Lake Ontario Storage Area (LOSA)/LOOW were uranium 
processing residues containing uranium-238 (U-238), uranium-235 (U-235), radium-226 
(Ra-226), and other uranium daughter products. Early research of historical information 
identified areas known to have been involved with radioactive waste storage, including wastes 
received from KAPL and generated during the University of Rochester experiments. DOE 
developed decontamination and survey plans in accordance with the type of waste stored and the 
history of waste handling at the locations on the NFSS and VPs (AEC 1973; DOE 1981a). 
Site-specific and generic cleanup standards for the types of waste to be encountered were 
also generated.  
 
2.1 Generic Cleanup Limits for Radium and Thorium 
 
DOE remedial action activities at NFSS VPs adopted the cleanup criteria specified in the 
U.S. Department of Energy Guidelines for Residual Radioactive Material at Formerly Utilized 
Sites Remedial Action Program (FUSRAP) and Remote Facilities Management Program Sites 
(DOE 1987 Rev 2 March [see Figure 4]). These guidelines are in DOE 5480.1 and in Title 40 
Code of Federal Regulations Part 192 (40 CFR 192). They are further described in the Oak 
Ridge Operations documents Radiological Guidelines for Application to DOE’s Formerly 
Utilized Sites Remedial Action Program (ORO-831) and Pathways Analysis and Radiation Dose 
Estimates for Radioactive Residues at Formerly Utilized MED/AEC Sites (ORO-832). These 
establish average concentration limits for radium and thorium in soil, and they invoke a criterion 
for maximum concentration, referred to as the hot spot rule.  
 



 

 
U.S. Department of Energy  NFSS–Assessment of Knolls Atomic Power Lab Waste Storage 
May 2013, Rev 3  Doc. No. S06763 
  Page 7 

ORO-831 also outlines the necessary process and describes the use of the term “Released for 
Unrestricted Use,” which refers to guidelines for the amount of residual radioactive material that 
can remain in the decontaminated area and still allow for the use of the property. This guidance 
states that the basis of any cleanup criteria or guidelines for unrestricted use of a property must 
be sufficiently sound so that the remedial activities that meet those site-specific established 
criteria or guidelines would ensure that no member of the population would receive a radiation 
dose exceeding the specified limit at any time in the future of the site.  
 
2.2 Derived Cesium and Uranium Residual Radioactive Material 

Guidelines 
 
Cleanup guidelines for total uranium and cesium-137 (Cs-137) contamination at NFSS and 
NFSS VPs were established by Argonne National Laboratory in the Derivation of Uranium and 
Cesium-137 Residual Radioactive Material Guidelines for the Niagara Falls Storage Site2 

(DOE 1988). The derivation of the single-nuclide and total uranium guidelines was based on the 
requirement that the 50-year committed TEDE to a hypothetical individual who lives and works 
in the immediate vicinity of the NFSS should not exceed 100 mrem/yr following 
decontamination of the vicinity properties. DOE used the residual-radioactivity computer code 
RESRAD for the pathways analysis resulting in the cleanup criteria. Three scenarios were 
evaluated using the residual-radioactivity computer code model and the results indicated that the 
basic dose limit of 100 mrem/yr would not be exceeded within 1,000 years for either uranium or 
Cs-137, if soil concentrations for these radionuclides do not exceed 90 picocuries per gram 
(pCi/g) for total uranium and 33 pCi/g for Cs-137. These concentration values were considered 
to be adequately conservative and technically achievable for the remediation of the NFSS and 
the VPs.  
 
2.3 Background Concentrations 
 
Background exposure rates and baseline radionuclide concentrations were determined for 
surface soil by selecting 20 locations in areas surrounding the vicinity of the NFSS (DOE 1987) 
(Figure 2). The results indicated exposure rates ranged from 6.8 microroentgens per hour (μR/hr) 
to 8.8 μR/hr, a typical range for this area of New York. Concentrations of the radionuclides 
found in surface soils at the locations were as follows: 

 Ra-226: less than 0.09 to 1.22 pCi/g 

 U-238: less than 2.20 to 6.26 pCi/g 

 Thorium-232 (Th-232): less than 0.18 to 1.18 pCi/g 

 Cs-137: less than 0.02 to 1.05 pCi/g 
 
Additional detail on the background sample results is provided in Table 2, which corresponds to 
Figure 2 locations where the samples were collected.  

                                                 
2 The term Residual Radioactive Material is the title of the FUSRAP guidelines document and does not imply that 
the classification for contamination at NFSS and NFSS VPs is regulated under Title I of the Uranium Mill Tailings 
Radiation Control Act. 
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Figure 2. Map of Northern Niagara County, New York, Showing Locations of Background Measurements and Baseline Samples 
(Source: DOE 1987) 
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Table 2. Background Exposure Rates and Baseline Radionuclide Concentrations in Soil 
 

Location 
Exposure Ratea 

(μR/hr) 
Radionuclide Concentrations (pCi/g)b 

Ra-226 U-235 U-238 Th-232 Cs-137 
1 6.8 0.74 ± 0.16 <0.19 <2.89 0.70 ± 0.46 0.29 ± 0.08 
2 6.8 0.75 ± 0.19 <0.19 <3.35 <0.22 0.24 ± 0.08 
3 8.3 0.71 ± 0.18 0.46 ± 0.41 <3.72 0.88 ± 0.33 0.34 ± 0.09 
4 7.9 0.67 ± 0.18 <0.22 <4.10 1.18 ± 0.35 0.12 ± 0.07 
5 7.3 0.70 ± 0.16 <0.17 <3.34 0.68 ± 0.24  0.14 ± 0.07 
6 7.7 0.50 ± 0.15 <0.16 <2.33 0.52 ± 0.38 0.17 ± 0.09 
7 7.7 0.63 ± 0.13 <0.17  <2.73 0.83 ± 0.24 0.35 ± 0.08 
8 7.6 0.59 ± 0.12 <0.14 <2.20 0.54 ± 0.23 <0.02 
9 7.1 0.63 ± 0.20 <0.23 <4.16 0.83 ± 0.38 0.69 ± 0.11 

10 7.1 0.70 ± 0.16 <0.19 <2.98 <0.18 0.69 ± 0.10 
11 6.7 <0.09 <0.19 <2.83 0.49 ± 0.31 0.48 ± 0.14 
12 7.1 0.48 ± 0.13 <0.16 <2.84 0.65 ± 0.26 0.68 ± 0.10 
13 6.7 0.57 ± 0.14 <0.17 <2.36 0.49 ± 0.26 0.41 ± 0.08 
14 6.8 0.68 ± 0.17 <0.19 <3.24 0.67 ± 0.25 0.70 ± 0.10 
15 8.2 0.65 ± 0.14 <0.17 <3.20 0.72 ± 0.35 0.23 ± 0.08 
16 7.4 0.91 ± 0.17 <0.71 <3.58 0.83 ± 0.28 0.61 ± 0.09 
17 7.0 0.48 ± 0.14 <0.16 <2.73 0.32 ± 0.22 0.38 ± 0.08 
18 7.7 0.73 ± 0.16 <0.18 6.26 ± 9.23 <0.23 0.32 ± 0.12 
19 8.8 1.22 ± 0.22 <0.23 <3.79 1.08 ± 0.49 1.05 ± 0.13 
20 8.6 0.83 ± 0.17 <0.21 <3.59 0.84 ± 0.29 0.08 ± 0.07 

 
Range 6.7 to 8.8 <0.09 to 1.22 <0.14 to 0. 71 <2.20 to 6.26 <0.18 to 1.18 <0.02 to 1.05 

a Measured at 1 m above the surface. 
b Errors are 2σ based on counting statistics only. 
Source: DOE 1987 
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2.4 Administrative Limits 
 
DOE applied the concept of ALARA to remedial activities at NFSS and NFSS VPs. Application 
of ALARA analysis resulted in reducing the levels of residual contamination to levels less than 
the TEDE limit of 100 mrem/yr. 
 
If multiple radionuclides were present, the Sum of Ratios rule was used, where the fraction 
contributed by each radionuclide to its guideline would be determined and the sum of the 
fraction would not exceed 1. If the fraction exceeded 1, further evaluation would be needed on 
that area.  
 
 

3.0 Historical Shipment Records 
 
At the request of NYSDOH personnel in 2005, the EM office in Schenectady, New York, 
provided information on KAPL radioactive waste shipped to the LOOW and eventually 
repackaged and shipped from LOOW to Oak Ridge, Tennessee. The following attachments to 
this report provide more history and include the NYSDOH information on SPRU and the KAPL 
shipments: 

 Attachment I: Correspondence from Department of Energy Schenectady Naval Reactors 
Office to New York Department of Health 

 Attachment II: Nuclear Facility Historical Site Assessment for the Separations Process 
Research Unit (SPRU) Disposition Project, 2006 (partial report)  

 
The shipping information in Attachment I provides general information about the amounts and 
types of containers but does not provide sufficient detail to establish that all material received at 
LOOW was eventually shipped to Oak Ridge or to determine what amount of waste might 
remain at the prior storage locations.  
 
3.1 Shipments Received  
 
Records indicate that six shipments were made from the Schenectady operation to LOOW 
between January 1952 and September 1954. Attachment I provides a detailed account of the 
shipments received, including the number and types of containers, as well as descriptions of 
the material. 
 
3.2 Shipments to Oak Ridge, Tennessee  
 
Records indicate that a total of eight shipments involving a total of 14 boxcars were made from 
LOSA to Oak Ridge National Laboratory (ORNL) from January through June of 1958. A 
summary of the shipments is included in Attachment I.  
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4.0 Locations of Storage and Incineration 
 
Primary sources of information about the history of KAPL storage and incineration on the NFSS 
and NFSS VPs include reports of previous investigations and remediation prepared by AEC and 
DOE during the early 1970s to the late 1980s. Documentation of KAPL waste shipments was 
provided to NYSDOH by the DOE KAPL office (DOE 2005). The waste was stored first at 
Building 845-1 on VP-E', then relocated to the Baker Smith Shops area and to the Sewage 
Treatment Plant area on VP-X and Building 401. There were additional locations of storage, 
including VP-N/N' North and South. Incineration of the combustible portion of KAPL waste was 
reported to have occurred on VP-N/N' North at the old incinerator building and on VP-H' on a 
pad along the east boundary adjacent to VP-E' (Aerospace Corp. 1982).  
 
Table 3 and Figure 3 summarize and illustrate the historical locations of KAPL storage and 
incineration on the NFSS and VPs.  
 

Table 3. KAPL Waste Storage Areas and Map Locations 
 
Map 
Loc. 

Building 
Number 

Building Name  Building Location Material Stored 

1 401 (401-1) Boiler House NFSS (Power Area) 
NFSS (Building removed by 
USACE 2011)  

KAPL Waste 

2 419 (611-1) Incinerator Building  
VP-N/N' South (Area northeast 
of curve in R St.) 

Ashes from KAPL wastea

3 443 Welding Shop  NFSS (Baker Smith Shops) L-30 drums/ KAPL 
4 444 Storage Building  NFSS (Baker Smith Shops) L-30 drums/KAPL 
5 445 Pipe Shop  NFSS (Baker Smith Shops) L-30 drums/KAPL 
6 446 Lord Electric Shop  VP-X (east of West Patrol Rd.) KAPL waste 
7 447 Tool House  VP-X (east of West Patrol Rd.) KAPL waste 
8 448 Paint Shop  VP-X (east of West Patrol Rd.) KAPL waste 

9 460 (718-1) Locomotive Shop area  
VP-N/N' North (south of O St., 
east of Castle Garden Rd., and 
west of Vine St.)  

Possible KAPL storage  

10 458 (707-5) Change House  
VP-N/N' North (north of 
Locomotive Shops area) 

Possible KAPL 
incineration 

11 845-1 Compressor House area  VP-E' (north of M St.) KAPL waste 
12, 
13 

Not Known Concrete Pads  
VP-H' (near the east boundary 
with VP-E') 

KAPL waste incineration 
a Not verified but inferred from documentation. 
Source: Aerospace Corp. 1982 

 
 

5.0 Waste Characteristics and Handling 
 
History on the storage locations, types of waste, and its characteristics was utilized during the 
planning and designing of the assessment and remediation that took place during the early 
decontamination efforts on the LOOW (AEC 1973, DOE 1981a). Assessment, remediation, and 
verification of KAPL storage locations utilized Cs-137 as the indicator constituent of KAPL 
waste in determining the extent of the waste and during confirmation of remediation efforts.  
 
Approximately 700,000 pounds of contaminated waste in 16 boxcars was shipped from KAPL to 
LOSA through September 1952. The shipments included 675 boxes and 394 drums of slurry 
packaged in carbon steel and stainless steel drums. The stainless steel drums would have been 
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used to package the more corrosive waste. The waste was temporarily stored at several locations 
at LOSA/LOOW prior to repackaging and shipment to ORNL for final disposal.  
 
KAPL wastes consisted of the following types of waste:  

 Miscellaneous scrap: Composed of materials contaminated with low-level fission products, 
such as air filters, glass, metals, wood, and all materials that could not be bailed.  

 Baled materials: Composed of dry waste (such as paper, rags, floor sweepings, gloves, 
lagging, and so on) contaminated with low-level fission products. 

 Solid waste: Composed of higher levels of fission products, including both miscellaneous 
scrap and bailed materials. 

 Plutonium waste: Composed of all materials contaminated with plutonium. This type of 
waste was placed into 1-gallon paint cans and sealed into 55-gallon drums.  

 Slurry: Composed of evaporator bottom sludge, neutralized and contaminated with higher 
levels of fission products. 

 Oils: Composed of degreasing fluid and cutting oils, contaminated with low-level 
fission products.  

 
The 394 drums of slurry waste contained fission products as well as some residual plutonium. 
This slurry would have accounted for most of the radioactivity in the KAPL waste received at 
LOSA/LOOW (DOE 2005). 
 
Process knowledge of how the waste was generated and the characteristics of the waste can be 
partially derived from the KAPL Schenectady Operations document, which is Attachment II of 
this report. Waste at the Schenectady operations was reduced through evaporation in large 
stainless steel vats at Building H2. The slurry was generated when the evaporators were cleaned. 
Constituents of the slurry is documented as containing a mix of Cs-137, Sr-90, Pu-239, and 
Am-241. The exact amount of each constituent is not well documented, but radioactivity in 
curies was estimated based on an analysis of the waste prior to shipment to LOSA/LOOW. 
Analytical results from the waste characterization were published by the EM SPRU Project 
Office (DOE 2006c).  
 
In the 2006 SPRU report, DOE established that Cs-137 is a valid surrogate for locating KAPL 
material, primarily because (1) Cs-137 is the predominant radionuclide and (2) concentrations of 
other radionuclides are much lower than the Cs-137 concentrations (DOE 2006c). As an 
example, in a sample set of 115 Pu-239/240 results and more than 300 Cs-137 results, the 
average Pu-239/240 concentration was about 0.2 pCi/g, while the average Cs-137 concentration 
was 21 pCi/g or approximately 2 orders of magnitude greater. The maximum Pu-239/240 result 
was 6.7 pCi/g. The SPRU Derived Concentration Guideline Level for Pu-239/240 under a 
“subsistence farmer scenario” is 13.3 pCi/g. There is no statistical rigor in this analysis, and the 
Cs-137 to Pu-239/240 ratios in the sample set were not constant, but it illustrates that Pu-239/240 
concentrations are much less than Cs-137 concentrations and are therefore less than a risk-based 
guideline set for the KAPL facility.  
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Figure 3. KAPL Storage Locations at the Niagara Falls Storage Site  
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5.1 Fission-Related Curies 
 
Sample analysis of the KAPL slurry waste indicates an average of 3.4 curies (mixed fission 
product) per 130 gallons of slurry, or 0.026 curie per gallon. This supports the following 
calculation of total fission-related curies in the KAPL slurry waste:  
 
394 slurry drums  60 gal/drum = 23,640 gallons of slurry3 
23,640 gallons of slurry  0.026 curie per gallon = 614.64 curies 
 
The curie content of the boxes is based on an assumed average dose rate of 12 milliroentgens per 
hour (mR/hr) for the boxes, which were assumed to be entirely mixed fission products. This 
supports the following calculation for the total curie content: 
 
675 boxes  12 mR/hr per box = 8,100 mR/hr = 8.1 R/hr 
 
If 8.3 R/hr = 1 curie of activity, then: 8.1 R/hr = 0.98 curie 
 
Assuming 614.64 curies total in the slurry drums and 0.98 curies in the boxes, then the total for 
the shipment to LOSA is approximately 615.62 curies.  
 
5.2 Plutonium-Related Curies 
 
The estimated curies activity of plutonium is based on sample analysis that indicates an average 
of 0.025 gram of plutonium per drum of slurry. This supports the following calculation of the 
total grams of plutonium contained in the KAPL slurry waste:  
 
394 slurry drums  0.025 g/drum = 9.85 g total plutonium 
 
Note: Assuming that the plutonium was all Pu-239, the amount in curies can be calculated as 
follows: 9.85 g times the conversion factor to curies (0.065) would equal a total of 0.640 curie of 
Pu-239 (www.ieer.org/clssroom/unitconv.html).  
 
Total plutonium, as indicated by the estimated amount provided in curies and in grams, was a 
very small fraction of the waste stored at the LOSA/LOOW facilities and was less likely to have 
had contact with the environment due to its secondary containment (i.e., packed into 1-gallon 
cans packed inside 55-gallon drums) that were specially marked. No plutonium-bearing waste or 
unmarked waste was incinerated (Aerospace Corp. 1982).  
 
 

6.0 Review of Remedial Activities 
 
The following sections discuss the assessment, remediation, and verification for the locations 
where KAPL wastes were stored or incinerated. This information has been assembled from the 
1970 through early 1990 investigations by DOE on the VPs and from current information on the 
NFSS proper from the USACE Remedial Investigation Report (RIR) completed in 2007 

                                                 
3 The answers to these equations as presented in the reference materials were incorrect. 394  60 equals 23,640 (not 
17,700) gallons of slurry, and 3.4 divided by 130 equals 0.026 curie per gallon (not 0.083 curie per gallon). 
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(USACE 2007b) and field work for the USACE Remedial Investigation Addendum 
(USACE 2009a). Figures and tables referenced in the following sections are located at the 
end of the report (prior to the attachments) and reflect information from the specific known 
areas where KAPL wastes were handled.  
 
6.1 NFSS  
 
In support of the RIR and RIR Addendum, a Baseline Risk Assessment was performed that 
divided the NFSS proper into 18 physical exposure units (EUs) (Figure 5). An EU is the 
geographic area in which a receptor is assumed to work or live and where a receptor may be 
exposed to site-related constituents. The EUs provide a geographical framework for the 
determination of the site-related constituents (USACE 2007a). USACE established background 
values for the area that were used in establishing tolerance limits for the radionuclides of concern 
(USACE 2007b). Analytical results provided by USACE in its 2007 RIR for the NFSS proper 
have identified radionuclides of concern for the EUs and identified locations where Cs-137 is 
elevated above the upper tolerance limit of 0.34 pCi/g in soil (established during the Baseline 
Risk Assessment). USACE identified Cs-137 results for the NFSS are presented on Figure 5. 
These analytical results were also reviewed for Am-241 as an indicator of other transuranic 
elements. Out of a total of 768 Am-241 results, only 9 were detections. This indicates that 
(1) Am-241 is not a contaminant of concern for the NFSS and (2) other transuranic 
radioisotopes, such as Pu-239/240, are unlikely to be present at significant concentrations in soils 
and sediments.  
 
Cesium detect outliers were identified. They ranged from 0.817 pCi/g to 6.26 pCi/g and were 
scattered throughout primarily the areas of EU-1 and EU-13. The upper tolerance limit 
established by USACE is only slightly above the DOE-established background values 
(DOE 1987) for the area. However, USACE has not yet established Applicable or Relevant and 
Appropriate Requirements for the site and no cleanup criteria has been formalized.  
 
The following areas within the NFSS are briefly discussed in relation to past DOE activities and 
other events.  
 
6.1.1 Baker Smith Shops Area (NFSS Proper), EU-1 
 
The Baker Smith Shops area consists of Buildings 443, 444, and 445 located south of VP-X on 
the NFSS (Figure 5 and Figure 7). The area is secured by a fence and is bounded by West Patrol 
road to the west and the West Drainage Ditch on the east. USACE has designated this area EU-1 
in their remedial investigation. The area was originally accessed by rail and two railroad off-
loading/loading platforms that straddled the boundary between VP-X to the north and the Baker 
Smith Shops to the south. The off-loading platforms and tracks have been removed, leaving only 
the ballast. 
 
The Baker Smith Shops area was a temporary storage location for KAPL wastes as well as 
L-30 residues in drums. Plans by the U.S. Navy in the 1950s to convert the Boiler House 
(Building 401, located east of the area) to a boron-10 plant caused the KAPL wastes to be moved 
in late 1953 from the Boiler House to the Baker Smith Shops area (Figure 7) prior to being 
shipped to ORNL (Aerospace Corp. 1982). Some documentation suggests drums of waste 
material were stored outside near the pumping station, which is also known as Building 435 of 
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the Sewage Treatment Plant (Figure 8). However, most historical sources suggest that the only 
buildings used for drums storage were those marked on the Hooker Electrochemical Company 
Chart in the Baker Smith Shops area (i.e., Buildings 443, 444, 445).  
 
Building 444 burned to the ground prior to early assessment and remediation, leaving only a 
concrete pad. During a 1970 assessment survey, the concrete pad was found to be 
contaminated (1 to 60 mR/hr). The assessment survey found several areas in the vicinity with 
gamma activities greater than 70 mR/hr where Cs-137 was detected. These areas were later 
remediated during decontamination efforts in the 1970s. Cs-137 was identified again on the site 
in a 1978 aerial survey (DOE Report ORNL/TM-7004) and a separate 1979 radiological survey 
(DOE Report WAMD-010). 
 
Low levels of actinium, protactinium, lead, radium, thorium, and uranium have also been 
detected in soil analytical results from EU-1 by USACE (USACE 2007b) in lesser amounts than 
the Cs-137. This confirms the older waste profile information, in which Cs-137 was the most 
abundant fission-related contaminant detected. The analytical results do indicate that any 
significant amount of KAPL waste was removed during the earlier decontamination by DOE. 
Residual outliers on the NFSS will be investigated under the current USACE program. 
 
6.1.2 Power Area (Boiler House) Building 401, EU-13 
 
Building 401 (formerly known as Building 401-1) was located east of the Interim Waste 
Containment Structure on the NFSS storage site, within EU-13 (Figure 5 and Figure 6). KAPL 
waste was temporarily stored in this building prior to being sent to the Baker Smith Shops area 
in 1953. The Boiler House structure has been removed by USACE under their Remedial 
Investigation/Feasibility Study activities in 2011. This document can be reviewed online at the 
USACE web site for NFSS as part of the December 2007 Remedial Investigation 
(http://www.lrb.usace.army.mil).  
 
During the 1971 decontamination effort, Building 401 area was decontaminated to background 
levels (stated as less than 63 mR/hr). However, during the 2007 USACE investigation, outliers of 
Cs-137 in the general area of Building 401 were identified. These findings will be addressed 
during the Feasibility Study for the balance of the plant. 
 
A review of DOE information about this area indicates no evidence of KAPL existing in 
quantities that exceed established DOE guidelines.  
 
6.2 Vicinity Property-X  
 
6.2.1 Buildings 446, 447, and 448  
 
VP-X is a completed VP located north of the Baker Smith Shops area (EU-1). DOE certified the 
VP-X property meets FUSRAP cleanup criteria and officially closed the offsite property during 
its verification survey in late 1980s. The property is currently owned by the Town of Lewiston. 
Buildings 446, 447, and 448 no longer remain and were located west of a former Sewage 
Treatment Plant (Figure 8) along West Patrol Road. During the 1950s some amounts of KAPL 
wastes were stored here prior to being moved either to the Baker Smith Shops area or the area of 
Building 421. In 1957, the Baker Smith Shops buildings were in disrepair and without adequate 
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fire protection, prompting the removal of KAPL wastes to a location known as the Thaw House 
adjacent to Building 421 located on the NFSS proper, the silo used to store K-65 residues4. 
 
An assessment survey of VP-X was performed by DOE in July and August 1983 
(ORAU 1984b). Soil samples were analyzed for Ra-226, U-235, U-238, Cs-137, and Th-232. 
Gamma exposure rates and surface soil results are provided for the areas surrounding the 
buildings in Table 4 of this report. In addition, the assessment survey included a gamma scan of 
100 percent of the property and subsurface soil surveying and sampling on 40-meter grid 
spacing. Results of the assessment identified three areas of general contamination exceeding 
criteria near the pumping station of the Sewage Treatment Plant and along the south-central 
portion of the site (Table 4). Other small areas with elevated radionuclide concentrations met the 
concentration guideline averaged over 100 meters squared. Areas in the vicinity of the buildings 
where KAPL waste might have been stored were included in the survey but no anomalies were 
identified during the assessment. 
 
During the 1980s remedial action, DOE decontaminated and backfilled 14 areas on VP-X. Based 
on the elevated readings, the decontamination work concentrated on the areas in the vicinity for 
the Sewage Treatment Plant area buildings (Figure 8) and along the southern boundary of VP-X 
in the vicinity of the former offloading platforms. After remediation Ra-226 results were less 
than 5 pCi/g. 
 
Prior to the remedial action, elevated gamma activities were found in ash material. After the 
material removal, verification survey crews found that gamma activities were not elevated. Some 
naturally occurring material (slag) or wollastonite might remain on the site. Verification sample 
results for these areas on VP-X are provided in Table 5.  
 
Based on this review of the assessment/remedial and verification survey results, VP-X has been 
decontaminated to levels within the established DOE guidelines.  
 
6.3 Vicinity Property-N/N' North 
 
VP-N/N' north is located east of the NFSS and is a completed VP. DOE certified this property 
meets FUSRAP cleanup criteria. The property is currently owned by Modern Landfill, Inc., and 
is operated as a solid waste landfill.  
 
6.3.1 Building 460 (718-1) Locomotive Shop and Building 458 (707-5) Change House 
 
Building 458 (707-5) and Building 460 (718-1) were located in the northwest corner of the 
completed VP-N/N' North inside the triangle formed by Vine Street, Castle Garden Road, and 
O Street. KAPL waste was either (1) stored in or near these buildings or (2) incinerated on a 
concrete pad south of Building 458 (707-5), known as the Change House (Figure 9).  
 
Data from an early 1971 assessment (AEC 1973) is shown in Figure 10 which illustrates the 
areas surveyed and decontaminated as part of the initial VP-N/N' North assessment. Elevated 

                                                 
4 Records show that in the same timeframe as the move to the Thaw House, 38,500 cubic feet of waste 
(350,000 pounds) located in buildings 446 and 448 was shipped to Oak Ridge Disposal Grounds. This shipment 
could have been the same waste, based on the quantity and the timing of the move, which might indicate that the 
move to the Thaw House never took place. 
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exposure rates were detected midway along Vine Street, east of the Locomotive Shop. Direct 
readings in the vicinity of the Locomotive Shop (Building 460) were less than 40 μR/hr and in 
the vicinity of the Change House (Building 458 [707-5]) were less than 20 μR/hr.  
 
These areas were reassessed and remediated in June 1981 because of the expansion of the 
Modern Landfill solid waste landfill and the need to remove the impacted areas. A triangular 
area bordered by Castle Garden Road on the west, O Street on the north, and Vine Street on the 
southeast (Figure 11) was remediated through a joint remedial action agreement between DOE 
and Modern Landfill (which allowed access for the Post Remedial Actions in 1985 [DOE 1989]). 
The remedial action and radiological surveys targeted areas identified during the initial 1970s 
decontamination in an effort to remove Ra-226 and Cs-137 bearing material from the surface of 
the approximate 19-acre triangle and along Castle Garden road (Eberline 1981).  
 
Results of the remedial activities performed during 1985 within the triangle are presented in 
Table 6. Coordinates for the locations correspond with the grid illustrated in Figure 11. Cs-137, 
Sr-90, and the Cs/Sr ratios were elevated at three locations. The locations are associated with the 
area of the Locomotive Shop. While all three results were elevated, they were still below the 
DOE guideline of 33 pCi/g for Cs-137. Location E+02,1+62 had the highest Cs-137 
concentration at 24  2 pCi/g. 
 
Based on this review of assessment and remedial activities, VP-N/N' North has been 
decontaminated to levels within the established guidelines including all FUSRAP related wastes 
and any KAPL wastes that may have been co-located with it.  
 
Verification surveys on VP-N/N’ North included sampling of several small areas of elevated 
gamma activity at areas that were remediated reducing the gamma activity to background levels. 
Further remediation and followup gamma monitoring at other locations on the VP confirmed the 
remedial action resulted in all soil areas meeting the cleanup standards (ORAU 1990). 
 
6.4 Vicinity Property-N/N' South  
 
VP-N/N' South is located east of the NFSS and Castle Garden Road and is directly below 
VP-N/N' North. DOE certified this property meets FUSRAP cleanup criteria. The property is 
currently owned by Modern Landfill for use as a solid waste landfill.  
 
6.4.1 Building 419 Incinerator Building 
 
Building 419 (Building 611-1) was located on VP-N/N' South, in an area south of the curve of 
R Street (Figure 12). KAPL combustible waste, properly labeled and less than the criteria of 
6 mR/hr, might have been incinerated at this location. AEC at the time instructed Hooker 
Chemical to burn the low-level combustible wastes and then barrel the ashes to reduce volume 
for shipping the waste to ORNL for disposal. 
 
This area was included in the 1971−1972 decontamination effort. Figure 12, Figure 13, and 
Figure 14 present the direct gamma exposure rate results for the 1971 assessment over the former 
incinerator building area. Although the area was remediated, elevated radiation levels were still 
detected by the mobile scan performed by DOE in 1980 (DOE 1980b). Surface soil 
contamination was identified again in the 1984 comprehensive survey (ORAU 1984a). The 
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major contaminant was Ra-226 and (to a lesser extent) U-238, indicating the contamination was 
from uranium processing residues. Smaller amounts of Cs-137, U-235, and Th-232 were also 
detected in several samples. Subsurface sampling and results indicated that the contamination 
was limited to the top 25 centimeters (cm) of soil in roughly a 200-square-meter area in the 
vicinity of the old incinerator. Table 7 provides the gamma exposure rate and analytical results 
data for the surface soil samples that were collected from that area as part of the assessment.  
 
A comprehensive survey of VP-N/N' South was conducted during August 1984 (ORAU 1984a). 
The incinerator area was located in the northwest corner of the property and was used by Hooker 
Chemical to burn the low-level combustible waste containers. Aerial photographs show that the 
incinerator existed until late 1963. VP-N/N' South was decontaminated through an agreement 
between DOE and Modern Landfill. One location exceeded 15 pCi/g for subsurface soil, and the 
100-square-meters average was 6 pCi/g. One location met the hot spot criteria at 40 pCi/g. There 
is no information as to whether these locations were attributed to Ra-226 or Cs-137, but Ra-226 
was considered the primary contaminant on the site during the decontamination.  
 
Verification activities identified only two isolated locations of elevated surface activity (in the 
area of Track Street) not associated with the incinerator area, and these were reduced to 
background exposure rates through sampling. Table 8 provides the analytical results for soil 
samples collected as part of the verification survey.  
 
VP-N/N' South has been decontaminated to levels that are less than the established guidelines for 
the removal of any FUSRAP-related wastes, as well as any co-located KAPL wastes. Small 
amounts of Cs-137, U-235, and Th-232 were detected during the comprehensive assessment but 
were limited to the top 25 cm of soil. Verification data did not include cesium because the post-
remediation survey resulted in meeting the cleanup guidelines (DOE 1986a), which meant that 
cesium analyses were not necessary as part of the verification survey.  
 
6.5 Vicinity Property-E' 
 
Chemical Waste Management (CWM) owns VP-E and VP-E', which are north of the NFSS 
(Figure 1 and Figure 15) north of M Street. CWM uses the area for treatment and processing of 
chemical wastes. VP-E' has been only partially remediated so it remains an open VP. USACE 
plans to complete remediation on that VP in the future. CWM controls access to the property.  
 
As part of previous 1971 remediation activities (Figure 16), VP-E' was divided into four 
identified areas of elevated readings (Figure 17). Area 1 was north of the three buildings used to 
store KAPL wastes. Of the three buildings, Building 845-1 was the initial location for the storage 
of KAPL wastes. The two other buildings were identified by the reports as concrete pads within 
the Compressor House area.  
 
6.5.1 Building 845-1 Compressor House Area 
 
The first shipment of KAPL waste was received from Schenectady and stored in a 41-ft by 96-ft 
blockhouse designated Building 845-1 on VP-E'. Building 845-1 is located 20 feet north from 
M Street within the Compressor House area. KAPL wastes possibly were stored at the 
Compressor House prior to being incinerated, and wastes that could not be incinerated were 
shipped to the Baker Smith Shops area. Later shipments were stored in two wooden buildings 
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(illustrated on Figure 15) that were adjacent to Building 845-1 and in the Boiler House 
(Building 401) located south of VP-E' on the NFSS proper.  
 
After the 1971 decontamination effort, several large areas remained in the range of 20 μR/hr to 
50 μR/hr. Figure 16 and Figure 17 illustrate the results of the decontamination effort. In the areas 
along M Street near the location of Building 845-1, a few spotty areas above 20 μR/hr remained, 
which were attributed to naturally occurring radioactivity in the roadbed slag (AEC 1973; 
Aerospace Corp. 1982). 
 
A comprehensive radiological survey was conducted in 1982 that included surface radiation 
scans, measurements of direct radiation levels, and analyses of soil and water samples from the 
surface and subsurface. A separate assessment performed around the same time was based on a 
20-meter grid covering both VP-E' and VP-H'. The 20-meter grid was developed and subdivided 
into 5-meter-spacing over two areas on VP-E' where prior radiological surveys and histories of 
site usage indicated a higher potential for radiological contamination (Cole and Berger 1982). 
Ground-penetrating radar was also utilized to detect anomalies in the subsurface that might 
suggest radioactive residues or burials. Ground-penetrating radar did not identify any evidence of 
anomalies in the subsurface. Surface survey results identified U-238 and Ra-226 in small areas 
exceeding the criteria of 40 pCi/g (for U-238) and 5 pCi/g (for Ra-226) on the property. Results 
of the assessment are presented in Table 9 and Table 10 for the areas of concern where KAPL 
waste was stored.  
 
No significant radiation levels were detected in the buildings. Walkover surveys identified 
several drains in the vicinity of old concrete foundations where radioactive materials were stored 
that indicated elevated radiation levels, but no radionuclides were identified from the residues 
taken from the drain. Radiation readings were generally higher along the rail spur, and attempts 
to identify the source with soil sampling indicated the material was either in or below the ballast 
(Cole and Berger 1982).  
 
Following final remediation, gamma exposure rates at 1 meter above the surface ranged from 
7 μR/hr to 17 μR/hr; the higher levels were in the vicinity of unremediated areas beneath the 
access road and the PCB storage tanks. Table 9 and Table 10 include the analytical data from the 
remediation and assessment of VP-E' including the 5-meter grid area results for direct radiation 
readings only. The main concern on VP-E' was residual contamination beneath PCB storage 
tanks and on the access road, where small plaster-like chips of lead cake were identified.  
 
Verification surveys performed in 1985 and 1986 on VP-E' identified gamma anomalies on 
sections 1, 2, and 4 of the property (Figure 15). Surveys did not indicate radiological 
contamination in the vicinity of the buildings that were used for storage of KAPL waste. 
Verification gamma survey and analytical results from surface soil samples are presented in 
Table 11. Verification data did not include Cs-137 as an analyte for the surface soil sampling 
because no indications were found during the comprehensive assessment, and gamma activities 
were at or below background levels in the non-affected or remediated areas.  
 
Based on this review of the assessment, remedial, and verification results, the accessible portions 
of VP-E' have been decontaminated to levels within the established guidelines in order to remove 
any FUSRAP related wastes and any KAPL wastes that may have been co-located with it. Since 
VP- E, E’ and G have not been completed, they remain to be evaluated by USACE. The 
remaining soils on these VP’s, including beneath the concrete pads, and the drains on VP- E’, 
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will need further evaluation as part of the USACE investigation and remediation. The USACE 
has already removed and properly disposed an abandoned waste drum from VP-G as part of their 
RI/FS activities. 
 
6.6 Vicinity Property-H' 
 
VP-H' is located along the west boundary of VP-E' and north of M Street (Figure 3 and  
Figure 19). The property is owned by CWM, which restricts access to the site. There is no record 
or evidence of contaminated waste burials on VP-H'. However, waste incineration was 
performed on concrete pads along the eastern boundary of the site. 
 
The 1970s assessments identified radiation levels of 20–50 μR/hr near the concrete pads. 
Decontamination of the property required the removal of 1–3 feet of soil comprising 
35,000 cubic feet, and the area was not backfilled (AEC 1973). Post-decontamination radium soil 
concentrations were listed as less than 1 pCi/g. 
 
A 1978 aerial survey was conducted over the entire LOOW and did not identify any anomalous 
gamma radiation levels on VP-H'. A preliminary assessment was performed over properties 
VP-H' and VP-E' in 1982 (Cole and Berger 1982) and was followed up by a comprehensive 
assessment over VP-H' in 1983 (ORAU 1983b). Soil and sediment samples were analyzed and 
reviewed for Cs-137, U-235, U-238, and other gamma emitters. Several samples in the vicinity 
of the pads contained high Cs-137 concentrations (13.8 pCi/g to 33 pCi/g) and were 
consequently analyzed for Sr-90, because the presence of elevated Cs-137 was an indicator of 
possible KAPL wastes or University of Rochester wastes. One of the samples that had high 
Ra-226 and U-238 levels was also analyzed for Pu-239 (results 0.3 ± 0.26 pCi/g) and cobalt-60 
(Co-60) (results 13.3 pCi/g). Figure 18 and Figure 19 illustrate the gamma measurement 
locations and the two locations near the pads where additional sample analysis was performed. 
Results for cesium, strontium, and plutonium were below the DOE established guidelines. 
However, results of a walkover gamma scan and analysis of biased surface soil samples 
indicated numerous isolated areas of Ra-226 in the soils well in excess of the 5 pCi/g cleanup 
criterion. Several samples also contained U-238 concentrations greater than cleanup criteria 
(Figure 19, Table 12, and Table 13). DOE subsequently remediated the areas on VP-H'.  
 
A verification survey was performed over VP-H' in 1983 and 1984 (ORAU 1989). Table 14 
shows the results of soil samples collected from the site and Table 15 presents data from samples 
of the cinder ash material from the site. Contact exposure rates in the area of the black cinder 
material ranged as high as 84 μR/hr. A sample of this material contained 220 pCi/g of Ra-226 
and 37 pCi/g of U-238. Additional excavation was performed over the area and subsequent 
survey results indicated the area conformed to the DOE FUSRAP cleanup criteria.  
 
Information reviewed for VP-H' indicates a low potential for remaining KAPL waste. At the time 
of the verification, all concentrations were found to be within the FUSRAP guidelines for the 
NFSS VPs. However, additional information concerning Ra-226 results submitted to DOE in 
2004 may result in further coordination between DOE and USACE concerning additional 
assessment and remediation.  
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7.0 Future Land Use and Protectiveness Summary 
 
This analysis is intended to indicate whether residual KAPL waste remains on the NFSS proper 
and NFSS VPs at concentrations that would require investigation and, if necessary, remediation. 
 
To evaluate the protectiveness of remediated NFSS VPs to future occupants, assumptions are 
needed for future land use. Land use assumptions will determine the exposure scenarios that are 
reasonable for future occupants (EPA 1995). Future land use is an important factor used in 
developing site cleanup levels. 
 
7.1 Land Use 
 
Most of the NFSS VPs are privately owned and zoned for industrial/commercial applications. 
This land use can be assumed to persist for longer than Cs-137 residuals would remain above 
background levels.5 Therefore, a reasonable exposure scenario would be for a site worker who 
spends 40 hours per week and 50 weeks per year on the surface of the site. This worker would 
not eat food grown on the site (produce, cereal grains, fish, and meat) or drink site groundwater. 
Other pathways such as direct radiation, dermal absorption, and dust inhalation may be plausible.  
 
Land use restrictions were placed into effect by NYSDOH beginning in 1972 and were restated 
under the NYSDOH Commissioners orders issued in 2004. They remain in effect for the vicinity 
properties and drainages (NYSDOH 2004). These restrictions are summarized below:  

 The property shall not be developed or used for industrial, commercial, or residential 
purposes. Any existing use can continue but not be expanded or broadened. 

 The property may be used for recreational purposes if the owner takes adequate precautions 
and persons only make intermittent or occasional recreational use of the land. 

 Five days written notice to NYSDOH is required for a proposed sale, transfer, or 
conveyance of the property. 

 All restrictions will continue until NYSDOH determines radiation levels are safe.  

 Decontamination by other than an official agency will require application and approval of an 
acceptable plan by NYSDOH. 

 In some instances, such as the Town of Lewiston property (VP-X), no deliberate or 
intentional movement, displacement, or excavation of soil is permitted unless there is an 
acceptable plan approved by NYSDOH. 

 
There may be more specific requirements for each property for each of the offsite properties. 
These requirements can be accessed by contacting NYSDOH. Because of all of these land-use 
restrictions, a residential or subsistence farming scenario is not likely and unreasonable.  
 
This is consistent with USACE findings regarding a subsistence farmer exposure scenario: 
 

It should be noted that the subsistence farmer land use scenario was evaluated in 
the (human health risk assessment) as an overly conservative worst case. This 
scenario is highly unlikely due to the proximity of the site to surrounding landfills 
and the poor yield and quality of on-site groundwater resources (USACE 2007b). 

                                                 
5 A Cs-137 occurrence of 5 pCi/g in 2007 would decay to less than 1 pCi/g in less than 90 years. 
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Historical site information and remediation data indicate that KAPL activities mostly occurred 
on the developed portion of the NFSS VPs in areas that can reasonably be anticipated to remain 
in industrial use.  
 
7.2 Protectiveness 
 
Preliminary Remediation Goals (PRGs) were developed by EPA for radionuclides under 
different exposure scenarios. The default PRGs correspond to a risk of 1  10–6 (or an excess 
cancer risk of 1 in 1,000,000). EPA’s “acceptable” risk range (40 CFR 300) is between 1  10–6 
and 1  10–4 (excess cancer risk of 1 in 10,000).  
 
The default PRG for Cs-137 in residential soils (which includes ingestion of 25 percent of fruits 
and vegetables from a home garden) is 4.02 pCi/g (EPA 2010). The DOE remediation limit for 
Cs-137, based on pathway analysis, was 33 pCi/g (DOE 1988). This is approximately an order of 
magnitude higher than the default PRG and would result in risks on the order of 1  10–5 for 
residential soil—the midpoint of the acceptable risk range.  
 
The U.S. Nuclear Regulatory Commission’s surface soil screening level for decommissioning 
(to meet a dose limit of 25 mrem/year, unrestricted use) of 11 pCi/g Cs-137 provides another 
comparison as a benchmark for protectiveness, for which to compare site-related Cs-137 levels 
(NUREG 1757 Vol. 1).  
 
DOE analyses for Cs-137 indicate that concentrations in the mid-1980s were generally less than 
2 pCi/g. Residual Cs-137 levels would be about one half the levels found in the 1980s because 
the half-life of Cs-137 is 30.2 years. Cs-137 concentrations are less than the PRG of 4.02 pCi/g 
for residential soil, indicating that potential risks from Cs-137 residues on the completed 
NFSS VPs would be within the acceptable risk range established by EPA for unrestricted 
residential use. 
 
USACE found Cs-137 concentrations as high as 5.15 pCi/g on the NFSS proper 
(USACE 2009b). Sample locations were biased to areas with elevated gamma activities. 
The USACE data set consisted of 1,087 Cs-137 results, of which 24 exceeded the upper bound 
of background (0.8 pCi/g) established by DOE (DOE 1987). Cs-137 occurrences also appear to 
be sporadic, limited in extent, and correspond to PRGs within the acceptable risk range for 
residential soil. On the basis of comparison of measured Cs-137 concentrations to EPA risk-
based PRGs, residual KAPL waste would not pose an unacceptable human health risk for a 
residential land-use scenario.  
 
 

8.0 Conclusions 
 
This evaluation has determined that KAPL contaminants were removed during remedial 
activities at the former LOOW as either co-located or comingled with other radionuclides. 
Process knowledge and field observations establish that Cs-137 is the predominant radionuclide 
in the KAPL waste stream. Cs-137, a strong gamma emitter, was used as an indicator for 
remediation of KAPL waste. Other radionuclides were present in much lower relative 
concentrations and were likely also removed during remediation of the VPs.  
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In comparing the measured Cs-137 concentrations to EPA risk-based PRGs, any remaining 
residual KAPL waste (mainly Cs-137) on the NFSS and offsite VPs does not pose an 
unacceptable human health risk for a residential land-use scenario. Risk to industrial workers 
would be lower. 
 
The following conclusions are provided:  

 Remediation of the completed NFSS VPs resulted in removal of FUSRAP and KAPL wastes 
to levels that permit unrestricted residential use of those properties. Sample and walkover 
gamma scan results indicate that no wastes remain that would cause referral to USACE for 
further remediation. No EM involvement is required at these properties. 

 For the active VPs (VP-E, VP-E', and VP-G), results of DOE’s cleanup of the accessible 
portions of these properties indicate that KAPL waste does not remain at concentrations 
greater than the DOE cleanup limit.  

 Inaccessible areas were not associated with historic KAPL waste handling. Therefore, it 
is unlikely that KAPL waste remains on the active VPs.  

 Because gamma activity is used for excavation control, additional USACE cleanup 
of FUSRAP wastes on these properties will likely result in the remediation of any 
co-located residual KAPL wastes to acceptable levels or identification of KAPL 
waste that is not co-located.  

 Although USACE has not established a cleanup level for Cs-137 on the active NFSS 
VPs, DOE remediation data indicate that significant Cs-137 concentrations are unlikely 
to remain. Because of the low likelihood of encountering significant KAPL waste on the 
active NFSS VPs, no need for EM involvement is anticipated at these properties. 

 USACE soil sampling results on the NFSS proper indicate that KAPL waste does not exceed 
the DOE cleanup level for Cs-137. USACE has not established a cleanup level for Cs-137 
on NFSS proper. Because gamma activity will be used for excavation control, the USACE 
cleanup of FUSRAP wastes on the NFSS proper will likely result in the remediation of any 
co-located residual KAPL wastes or identification of KAPL waste that is not co-located. 

 
EM involvement will be necessary only if there is identification of KAPL-related materials that 
exceed6 either (1) the DOE cleanup limit on completed VPs or (2) the USACE cleanup limit on 
NFSS proper or the active VPs, and if those materials are not co-located with FUSRAP waste. 
 
 

9.0 Recommendations  
 
DOE should coordinate with USACE as they proceed with the evaluation, remedy selection, and 
remediation of the NFSS proper and active VPs. DOE will address any KAPL waste residuals 
that cannot be remediated by USACE.  
 
No further action is needed to address KAPL waste on the completed VPs. 
 
 

                                                 
6 DOE will be responsible even after EM’s Schenectady cleanup is complete. 
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Figure 4. Residual Contamination Guidelines for Formerly Utilized Sites and Remote Facilities 
Management Program Sites 
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Figure 5. USACE 2007 Remedial Investigation Illustrating EUs and Cesium Results 
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Figure 6. Building 401 Area Location of Known KAPL Storage vs. Area Decontaminated 
(Source: USACE 2007b) 
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Figure 7. Baker Smith Shops Location of Known KAPL Storage vs. Area Decontaminated 
(Source: USACE 2007b) 
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Figure 8. VP-X Location of Known KAPL Storage vs. Area Decontaminated 
(Source: DOE 1986a) 
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Figure 9. VP-N/N' North Location of Known KAPL Storage vs. Area Decontaminated 
(Source: DOE 1989) 
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Figure 10. VP-N/N' North 1971 Assessment Survey Data 
(Source: AEC 1973) 
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Figure 11. VP-N/N' North—Modern Landfill Remediation 
(Source: Eberline 1981) (See Table 6 for data) 
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Figure 12. VP-N/N' South—Location of Known KAPL Storage vs. Area Decontaminated 
(Source: DOE 1986a)  
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Figure 13. VP-N/N' South—1971 Assessment Survey Data  
(Source: AEC 1973) 
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Figure 14. VP-N/N' South—Incinerator Building 1971 Assessment Survey Data  
(Source: AEC 1973) 
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Figure 15. VP-E' Location of Known KAPL Storage vs. Area Decontaminated 
(Source: DOE 1986a) 
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Figure 16. VP-E' 1971 Assessment Survey Data  
(Source: AEC 1973) 
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Figure 17. VP-E' 1971 Assessment Survey Data (Close-Up) 
(Source: AEC 1973)  
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Figure 18. VP-H' Assessment Grid 
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Figure 19. VP-H' Assessment: Combined Assessment and Remediation Action Locations 
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Table 4. VP-X Assessment Survey Data 
 
VP-X Direct Radiation Levels Systematically Measured 

at 40-m grid intervals 
VP-X Radionuclide Concentrations in Surface Soil Samples Collected at  

40-m Grid Intervals 

Grid Coordinates 
1 m Above 

Surface  

Surface 
Exposure 

Rates  

1 cm Above 
Surface 

Ra-226  U-235  U-238 Cs-137 Th-232  

South West (μR/hr) (μR/hr) (μrad/hr) (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g)
0 360 6 6 6 0.54 ± 0.19 0.33 (.40) <0.63 0.81 ± 0.11 <0.12 

40 360 8 8 38 0.89 ± 0.20 <0.27 1.32 ± 1.19 <0.04 1.13 ± 0.35 
40 400 8 9 12 0.98 ± 0.25 <1.29 <0.88 0.75 ± 0.16 0.90 ± 0.40 
80 360 8 8 9 0.83 ± 0.23 <0.19 2.00 ± 1.64  <0.04 0.87 ± 0.36 
80 400 8 8 9 0.88 ± 0.38 <0.30 2.03 ± 3.28 0.10 ± 0.09 1.04 ± 0.39 
120 360 8 8 8 0.78 ± 0.19 <0.15 1.16 ± 0.77 0.35 ± 0.88 1.33 ± 0.44 
120 400 8 8 21 0.98 ± 0.21 <0.16 1.07 ± 0.75 <0.04 0.78 ± 0.28 
160 360 8 9 24 1.34 ± 0.34 <0.37 <1.14 0.63 ± 0.14 1.68 ± 0.71 
160 400 8 8 19 0.84 ± 0.24 <0.25 <0.30 0.47 ± 0.09 0.85 ± 0.30 
200 360 9 9 28 1.28 ± 0.31 <0.32 1.93 ± 1.50 0.78 ± 0.14 1.13 ± 0.42 
200 400 7 7 11 0.95 ± 0.25 <0.24 0.25 ± 1.73 0.90 ± 0.13 0.58 ± 0.32 
240 360 8 9 9 0.90 ± 0.30 <0.21 <0.75 0.39 ± 0.10 0.91 ± 0.48 
240 400 7 8 26 0.48 ± 0.14 <0.23 2.20 ± 0.92 ,0.04 1.14 ± 0.52 
280 360 7 7 11 0.43 ± 0.18  <0.13 0.55 ± 0.66 0.26 ± 0.08 0.41± 0.24 
280 400 8 7 32 0.61 ± 0.26 <0.23 1.84 ± 1.49 <0.04 1.07 ± 0.47 
320 360 8 8 27 0.56 ± 0.30 <0.20 1.80 ± 1.06 0.87 ± 0.13 0.73 ± 0.35 
320 400 9 9 22 0.78 ± 0.21 <0.21 1.38 ± 1.54 0.15 ± 0.07 0.93 ± 0.30 
360 360 12 13 29 3.06 ± 0.36 <0.38 4.97 ± 1.39 0.59 ± 0.11 1.10 ± 0.37 
360 400 9 9 29 1.33 ± 0.28 <0.22 <0.72 0.84 ± 0.13 0.90 ± 0.40 
400 360 12 10 17 0.93 ± 0.19 <0.25 2.62 ± 1.33 0.18 ± 0.08 0.94 ± 0.29 
400 400 10 10 40 1.01 ± 0.31  <0.24 6.92 ± 2.25 0.18 ± 0.12 1.11 ± 0.35 

Source: (ORAU 1984b) Comprehensive Assessment YP-X) 
Note: μrad/hr = microrads per hour 
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Table 5. VP-X Verification Data 

 
Location Depth Radionuclide Concentrations (pCi/g) 

N W (m) Ra-226 U-238 Th-232
610 432 Surface 1.5 ± 0.3a 1.0 ± 2.6 0.8 ± 0.9 
631 344 Surface 0.9 ± 0.2 0.9 ± 1.4 1.0 ± 0.5 
658 409 Surface 1.0 ± 0.3 1.7 ± 1.3 0.9 ± 0.3 
658 409 0.2–0.4 0.7 ± 0.2 3.8 ± 0.8 1.0 ± 0.3 
699 375 Surface 0.6 ± 0.3 1.5 ± 2.1 1.0 ± 0.4 
729 459 Surface 0.6 ± 0.2 2.1 ±1.0 0.7 ± 0.3 
735 395 Surface 1.3 ± 0.3 4.1 ± 2.1 1.2 ± 0.4 
735 395 0.2–0.4 0.9 ± 0.2 1.4 ± 0.5 0.9 ± 0.5 
759 368 Surface 1.4 ± 0.5 2.6 ±1.8 0.7 ± 0.3 

a Uncertainties represent the 95-percent confidence levels, based only on counting statistics; additional laboratory 
uncertainties of ± 6–10 percent have not been propagated into these data. 

Source: ORAU 1989 
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Table 6. Results of Remedial Action at the VP-N/N' North Modern Landfill 
Concentrations (pCi/g) 

 
Grid 

Location 
Ra-226 K-40 Cs-137 Sr-90 Cs-137/Sr-90 

C + 77, 1 + 77 <2.5 12 ± 3 0.5 ± 0.1   
C + 77, 1 + 92 <2.5 13 ± 3 0.9 ± 0.1   
C + 92, 1 + 77 <2.5 15 ± 3 1.3 ± 0.1 0.1 ± 0.05 13 
C + 92, 1 + 92 3 ± 1 17 ± 3 <0.5   
D + 57, 1 +47 4 ± 1 13 ± 3 4 ± 1 0.7 ± 0.1 5.7 
D + 72, 1 + 47 3 ± 1 17 ± 3 4 ± 1   
D + 87, 1 + 32 2 ± 1 20 ± 3 6 ± 1 4.0 ± 0.4 1.5 
D + 87, 1 + 47 <2.5 9 ± 2 2 ± 1   
D + 87, 1 + 62 2 ± 1 11 ± 2 9 ± 1 0.7 ± 0.1 13 
E + 00, 2 + 00 <2.5 20 ± 3 5 ± 1 1.2 ± 0.1 4.2 
E + 02, 1 + 32 <2.5 8 ± 2 <0.5   
E + 02, 1 + 47 <2.5 14 ± 2 1.8 ± 0.2   
E + 02, 1 + 62 3 ± 1 15 ± 3 24 ± 2 7.5 ± 0.8 3.2 
E + 02, 1 + 77 <2.5 22 ± 3 <0.5   
E + 17, 1 + 32 <2.5 8 ± 2 17 ± 2 3.5 ± 0.4 4.9 
E + 17, 1 + 47 <2.5 9 ± 2 <0.5   
E + 17, 1 + 62 <2.5 13 ± 2 4 ± 1 4 ± 1 1.5 
E + 17, 1 + 77 <2.5 2 ± 3 2 ± 1   
E + 32, 1 + 62 <2.5 12 ± 2 3 ± 1   
E + 32, 1 + 67 <2.5 17 ± 3 4 ± 1 0.2 ± 0.03 20 
G + 62, 7 + 37    1.4 ± 0.2 0.1 ± 0.1 14 
H + 00, 7 + 00    2.8 ± 0.4 0.1 ± 0.03 28 
H + 40, G + 35    1.8 ± 0.2 0.2 ± 0.04 9 
J + 00, 4 + 90    2 ± 1 0.1 ± 0.1 20 
J + 92, 3 + 92     1 ± 0.2 0.2 ± 0.04 5 

Source: Eberline 1981 
Note: Figure 11 shows approximate grid locations. 
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Table 7. VP-N/N' South Results of Old Incinerator Area Assessment 
 

VP-N/N' South Direct Radiation Levels Systematically Measured at 
10-m Grid Intervals, Old Incinerator Area 

Radionuclide Concentrations in Surface Soil Samples Collected at 
10-m Grid Intervals, Old Incinerator Area 

Grid 
Coordinates 

1 m Above 
Surface  

Surface 
Exposure 

Rates  

1 cm Above 
Surface 

Ra-226  U-235  U-238 Cs-137  

East South (μR/hr) (μR/hr) (μrad/hr) (pCi/g) (pCi/g) (pCi/g) (pCi/g)
100 0 11 12 62 0.57 ± 0.19a <0.24 <2.94 0.18 ± 0.09  
100 10 11 11 52 0.54 ± 0.22 <0.24 <2.50 <0.05  
100 20 13 15 86 2.20 ± 0.28 <0.24 <4.87 0.09 ± 0.04  
100 30 11 12 86 0.52 ± 0.28 <0.25 <4.07 0.46 ± 0.16  
100 40 11 11 61 0.52 ± 0.20 <0.24 <1.89 0.30 ± 0.10  
100 50 11 11 98 <0.13 <0.24 5.69 ± 8.91 0.71 ± 0.07  
100 60 11 10 68 0.54 ± 0.02 <0.24 <3.80 0.12 ± 0.10  
100 70 11 11 61 0.72 ± 0.30 <0.26 <4.15 0.17 ± 0.14  
100 80 11 11 68 0.71 ± 0.18 <0.24 <4.09 0.08 ± 0.09  
100 90 11 11 55 0.84 ± 0.22 <0.24 <4.05 0.09 ± 0.09  
100 100 11 11 70 0.57 ± 0.25 <0.24 5.32 ± 8.36 0.17 ± 1.10  
110 0 15 16 110 0.67 ± 0.30 <0.24 <4.19 <0.04  
110 10 15 17 100 0.61 ± 0.18 <0.24 <2.49 0.15 ± 0.10  
110 20 11 10 72 0.61 ± 0.18 <0.24 <2.49 0.10 ± 0.11  
110 30 10 10 64 0.62 ± 0.11 <0.24 <3.83 <0.03  
110 40 11 11 53 0.60 ± 0.19 <0.24 5.46 ± 7.96 0.17 ± 0.12  
110 50 11 11 62 0.47 ± 0.18 <0.24 <3.28 <0.04  
110 60 11 11 70 0.71 ± 0.18 <0.24 <2.73 0.10 ± 0.12  
110 70 (There is no 70)     0.66 ± 0.21 <0.24 <3.84 0.17 ± 0.08  
110 80 11 11 75 0.58 ± 0.19 <0.24 <4.45 0.07 ± 0.08  
110 90 12 11 62 0.82 ± 0.24 <0.24 <4.71 0.29 ± 0.07  
110 100 11 12 69 0.75 ± 0.11 <0.24 <3.49 0.27 ± 0.08  
120 0 12 13 82 0.61 ± 0.11 <0.24 <3.83 <0.04  
120 10 12 12 68 0.85 ± 0.42 <0.24 <3.34 0.19 ± 0.13  
120 20 11 10 53 0.55 ± 0.20 <0.24 <3.26 0.06 ± 0.07  
120 30 11 11 62 <0.14 <0.24 <1.89 <0.03  



 
Table 7 (continued). VP-N/N' South Results of Old Incinerator Area Assessment 
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VP-N/N' South Direct Radiation Levels Systematically Measured at 
10-m Grid Intervals, Old Incinerator Area 

Radionuclide Concentrations in Surface Soil Samples Collected at 
10-m Grid Intervals, Old Incinerator Area 

Grid 
Coordinates 

1 m Above 
Surface  

Surface 
Exposure 

Rates  

1 cm Above 
Surface 

Ra-226  U-235  U-238 Cs-137  

East South (μR/hr) (μR/hr) (μrad/hr) (pCi/g) (pCi/g) (pCi/g) (pCi/g)
120 40 11 11 65 0.51 ± 0.07 <0.24 <4.06 <0.03  
120 50 11 12 81 0.59 ± 0.30 <0.24 <4.64 <0.04  
120 60 11 12 64 0.42 ± 0.21 <0.24 <4.11 0.50 ± 0.13  
120 70 12 12 91 0.74 ± 0.24 <0.28 <5.35 0.40 ± 0.17  
120 80 12 12 81 0.42 ± 0.20 <0.24 <5.19 0.08 ± 0.08  
120 90 12 12 87 0.47 ± 0.18 <0.25 <3.17 0.06 ± 0.10  
130 0 11 11 78 0.54 ± 0.20 <0.24 <4.75 0.05 ± 0.09  
130 10 10 11 72 0.33 ± 0.21 <0.24 <3.95 0.51 ± 0.11  
130 20 10 11 59 0.53 ± 0.15 <0.24 <2.88 0.11 ± 0.07  
130 30 10 11 78 0.74 ± 0.18 <0.24 <3.06 0.12 ± 0.09  
130 40 11 11 62 0.41 ± 0.15 <0.24 <3.02 <0.03  
130 50 12 12 64 0.63 ± 0.28 <0.24 <4.29 0.27 ± 0.11  
130 60 11 11 75 0.62 ± 0.20 0.18 ± 0.42 <4.64 0.23 ± 0.11  
130 70 12 12 86 0.64 ± 0.26 <0.24 <3.62 0.40 ± 0.12  
130 80 12 12 66 0.69 ± 0.22 <0.24 <5.05 0.39 ± 0.15  
130 90 12 12 81 0.84 ± 0.24 <0.24 <4.25 0.42 ± 0.13  
140 0 12 12 75 0.57 ± 0.19 <0.24 <3.78 <0.03  
140 10 11 11 65 0.46 ± 0.22 <0.25 <2.91 0.29 ± 0.15  
140 20 10 11 72 0.52 ± 0.24 <0.24 7.86 ± 8.36 0.05 ± 0.08  
140 30 11 11 61 0.65 ± 0.24  <0.24 6.04 ± 12.29 <0.02  
140 40 12 12 83 0.55 ± 0.11 <0.24 <3.60 <0.04  
140 50 12 12 62 0.96 ± 0.37 <0.24 <5.41 0.51 ± 0.14  
140 60 12 11 68 0.59 ± 0.20 <0.24 <4.20 0.25 ± 0.10  
140 70 12 12 78 0.48 ± 0.21 <0.24 <4.26 0.27 ± 0.13  
140 80 11 11 66 0.59 ± 0.17 <0.24 <4.64 0.29 ± 0.12  
140 90 12 12 79 0.83 ± 0.27 <0.24 <4.23 <0.03  
150 0 12 11 60 0.49 ± 0.16 <0.24 <3.57 0.41 ± 0.11  



 
Table 7 (continued). VP-N/N' South Results of Old Incinerator Area Assessment 
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VP-N/N' South Direct Radiation Levels Systematically Measured at 
10-m Grid Intervals, Old Incinerator Area 

Radionuclide Concentrations in Surface Soil Samples Collected at 
10-m Grid Intervals, Old Incinerator Area 

Grid 
Coordinates 

1 m Above 
Surface  

Surface 
Exposure 

Rates  

1 cm Above 
Surface 

Ra-226  U-235  U-238 Cs-137  

East South (μR/hr) (μR/hr) (μrad/hr) (pCi/g) (pCi/g) (pCi/g) (pCi/g)
150 10 11 11 90 0.64 ± 0.23 <0.24 <3.92 0.61 ± 0.13  
150 20 11 11 66 0.56 ± 0.20 <0.24 <2.34 <0.03  
150 30 12 12 83 0.53 ± 0.15 <0.24 <3.58 <0.03  
150 40 15 15 120 5.19 ± 0.50 <0.24 <5.47 0.67 ± 0.15  
150 50 11 11 62 0.59 ± 0.19 <0.24 <3.63 0.25 ± 0.11  
150 60 11 11 72 0.54 ± 0.23 <0.24 <2.19 0.11 ± 0.11  
150 70 11 12 95 0.51 ± 0.18 <0.24 <3.92 0.09 ± 0.10  
150 80 11 12 53 0.63 ± 0.24 <0.24 <4.20 <0.03  
150 90 11 12 66 0.61 ± 0.21 <0.24 <3.80 0.28 ± 0.13  
160 0 11 11 73 0.63 ± 0.24 <0.24 <3.86 <0.04  
160 10 11 11 42 0.46 ± 0.27 <0.24 <3.23 0.53 ± 0.11  
160 20 11 12 74 1.04 ± 0.29 0.20 ± 0.89 <5.12 0.51 ± 0.12  
160 30 13 13 120 6.61 ± 0.60 1.67 ± 1.06 19.9 ± 0.5 1.11 ± 0.10  
160 40 12 12 74 2.24 ± 0.34 <0.24 <5.82 0.89 ± 0.19  
160 50 11 12 73 1.29 ± 0.29 <0.24 <4.79 0.78 ± 0.16  
160 60 12 11 65 0.68 ± 0.21 <0.24 <2.45 0.11 ± 0.08  
160 70 11 12 62 0.58 ± 0.21 <0.24 <4.04 0.20 ± 0.011  
160 80 11 11 85 <0.16 <0.24 <3.21 0.13 ± 0.10  
160 90 11 11 53 0.50 ± 0.16 <0.22 <3.15 0.33 ± 0.11  
170 0 11 11 62 0.82 ± 0.21 <0.24 <3.14 0.45 ± 0.13  
170 10 11 11 48 0.51 ± 0.18 <0.24 <3.39 0.57 ± 0.14  
170 20 12 11 53 0.60 ± 0.39 <0.24 5.41 ± 9.02 0.95 ± 0.17  
170 30 39 93 320 12.8 ± 0.8 1.47 ± 1.47 20.2 ± 0.5 1.48 ± 0.26  
170 40 12 12 74 0.69 ± 0.24 <0.24 8.08 ± 11.25 0.35 ± 0.14  
170 50 12 11 88 0.84 ± 0.22 <0.24 <3.82 0.32 ± 0.10  
170 60 11 11 75 0.53 ± 0.20 <0.24 <4.02 0.23 ± 0.10  
170 70 11 11 88 0.67 ± 0.22 <0.24 <4.51 0.06 ± 0.09  
170 80 11 11 90 0.49 ± 0.18a <0.24 <3.57 0.31 ± 0.13  
170 90 11 11 73 0.64 ± 0.16 <0.24 <3.44 0.16 ± 0.09  
180 0 11 11 62 0.60 ± 0.23 <0.24 <3.27 0.47 ± 0.15  
180 10 11 11 62 1.30 ± 0.24 <0.24 <4.48 0.70 ± 0.12  
180 20 12 12 42 0.66 ± 0.21 <0.24 <4.21 0.34 ± 0.17  
180 30 13 12 64 1.10 ± 0.26 <0.24 <4.67 0.4 ± 0.14  
180 40 12 12 83 0.54 ± 0.27 <0.24 <5.05 0.40 ± 0.16  



 
Table 7 (continued). VP-N/N' South Results of Old Incinerator Area Assessment 
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VP-N/N' South Direct Radiation Levels Systematically Measured at 
10-m Grid Intervals, Old Incinerator Area 

Radionuclide Concentrations in Surface Soil Samples Collected at 
10-m Grid Intervals, Old Incinerator Area 

Grid 
Coordinates 

1 m Above 
Surface  

Surface 
Exposure 

Rates  

1 cm Above 
Surface 

Ra-226  U-235  U-238 Cs-137  

East South (μR/hr) (μR/hr) (μrad/hr) (pCi/g) (pCi/g) (pCi/g) (pCi/g)
180 50 11 11 82 0.65 ± 0.19 <0.24 <4.46 0.19 ± 0.11  
180 60 11 11 69 0.68 ± 0.23 <0.24 <3.58 0.19 ± 0.16  
180 70 12 11 77 0.58 ± 0.20 <0.24 <3.58 0.45 ± 0.12  
180 80 11 11 83 0.42 ± 0.23 <0.24 <5.67 0.59 ± 0.13  
180 90 11 11 83 0.52 ± 0.19 <0.24 <4.37 0.21 ± 0.08  
190 0 11 12 70 0.45 ± 0.23 <0.24 <2.89 <0.03  
190 10 11 12 72 0.72 ± 0.20 <0.24 <4.65 0.14 ± 0.08  
190 20 11 11 81 0.87 ± 0.26 <0.24 <4.01 0.55 ± 0.15  
190 30 11 11 62 0.49 ± 0.17 <0.24 <2.54 0.28 ± 0.09  
190 40 12 12 99 0.55 ± 0.28 <0.25 <4.26 0.36 ± 0.10  
190 50 12 12 85 0.62 ± 0.20  <0.24 <3.36 0.37 ± 0.12  
190 60 12 11 87 0.60 ± 0.22 <0.24 <2.99 <0.04  
190 70 11 12 77 0.47 ± 0.21 <0.24 <2.98 0.21 ± 0.10  
190 80 11 12 75 0.50 ± 0.024 <0.24 <2.35 0.17 ± 0.09  
190 90 (There is no 90)             
200 0 11 12 62 0.55 ± 0.20  <0.24 <3.96 0.06 ± 0.07  
200 10 11 12 73 0.46 ± 0.22 <0.24 <4.30 0.20 ± 0.11  
200 20 11 11 72 6.61 ± 0.50 <.024 <6.04 0.46 ± 0.14  
200 30 11 11 68 0.48 ± 0.19 <0.24 <2.46 0.52 ± 0.11  
200 40 11 12 79 0.85 ± 0.20 <0.24 <5.02 0.40 ± 0.13  
200 50 11 11 64 <0.16 <0.24 <3.23 0.41 ± 0.12  
200 60 11 12 73 0.53 ± 0.22 <0.24 <0.64 0.21 ± 0.08  

Source: ORAU 1983c 
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Table 8. VP-N/N' South Verification Survey Data 

 
Location 

Depth (m) 
Radionuclide Concentrations (pCi/g) 

S E Ra-226 U-238 Th-232 
2188 3873 Surface 1.4 ± 0.3 2.3 ± 1.8 1.5 ± 0.6 
2215 3803 Surface 1.3 ± 0.4 3.5 ± 2.4 0.7 ± 0.5 
2219 3844 0.3–0.45 1.0 ± 0.3 1.2 ±1.1 1.2 ± 0.3 
2235 3750 Surface 0.8 ± 0.2 0.6 ± 1.1 1.3 ± 0.4 
2240 3845 Surface 1.0 ± 0.2 1.4 ± 1.5 0.8 ± 0.5 
2275 3688 Surface 1.4 ± 0.3 1.6 ± 1.9 1.3 ± 0.4 
2278 3763 0.3–0.45 0.9 ± 0.4 <1.0 1.2 ± 0.4 
2293 3755 Surface 1.1 ± 0.3 1.3 ± 1.8 1.1 ± 0.5 
2303 3683 0.3–0.45 0.9 ± 0.2 0.6 ± 1.2 1.3 ± 0.5 
2315 3644 Surface 1.0 ± 0.2 1.2 ± 1.4 1.0 ± 0.3 
2315 3710 Surface 1.1 ± 0.2 1.2 ± 1.6 1.0 ± 0.5 
2365 3503 0.6–0.75 0.9 ± 0.2 <0.6 0.9 ± 0.5 
2369 3513 0.3–0.45 0.9 ± 0.3 12.4 ± 1.8  2.3 ± 0.6 
2370 3531 Surface 1.8 ± 0.3 3.3 ± 1.1 1.3 ± 0.5 
2381 3488 Surface 0.8 ± 0.4 5.9 ± 2.4 1.7 ± 0.9 
2393 3495 Surface 1.2 ± 0.3 13.3 ± 3.1 2.3 ± 0.6 

a Uncertainties represent the 95-percent confidence levels, based only on counting statistics; additional laboratory 
uncertainties of ± 6–10 percent have not been propagated into these data. 

Source: ORAU 1989 
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Table 9. VP-E' Assessment Summary Table
 

VP-E' Direct Radiation Levels Systematically Measured at 
20-m Grid Intervals Assessment Data 

Radionuclide Concentrations in Surface Soil Samples Collected at  
20-m Grid Intervals 

Grid Coordinates 
1 m Above 

Surface 
Surface 

Exposure Rates 
1 cm Above 

Surface 
Ra-226 U-235 U-238 Th-232 Cs-137 

North East (μR/hr) (μR/hr) (μrad/hr) (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g)
0 500 7.2 7.2 29      
0 520 6.8 7.2 31      
0 540 6.4 7.2 35      
0 560 6.4 6.8 37      
0 580 6.6 6.8 40      
0 600 5.2 5.6 19      
0 620 5.9 5.0 27      
0 640 5.0 4.7 38      
0 660 6.6 5.9 20      

 
20 500 8.0 8.1 43      
20 520 7.2 7.2 46      
20 540 5.2 5.4 45      
20 560 4.8 5 43      
20 580 5.4 5.2 37      
20 600 a a a      
20 620 a a a      
20 640 5.7 5.4 26      
20 660 5.0 5.4 32      

 
40 500 5.7 5.7 31      
40 520 5.0 5.2 19      
40 540 7.4 8.8 51      
40 560 5.2 5.9 32      
40 580 a a a      
40 600 a a a      
40 620 5.2 5.2 33      
40 640 5.7 7.2 45      
40 660 6.2 6.8 31      

-4 b 500    0.74 ± 0.16 0.13 ± 0.06 <3.26 0.57 ± 0.22 <0.03 
-4 b 520    1.06 ± 0.19 0.14 ± 0.06 <4.39 0.95 ± 0.30 <0.03 
-4 b 540    0.74 ± 0.13 0.09 ± 0.06 <2.55 0.48 ± 0.23 <0.02 
-4 b 560    0.71 ± 0.14 0.12 ± 0.06 <2.55 0.67 ± 0.19 <0.02 
-4 b 580    0.97 ± 0.17 0.12 ± 0.07 <3.02 0.60 ± 0.24 <0.03 



 
 

Table 9 (continued). VP-E' Assessment Summary Table 
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20-m Grid Intervals Assessment Data 
Radionuclide Concentrations in Surface Soil Samples Collected at  

20-m Grid Intervals 

Grid Coordinates 
1 m Above 

Surface 
Surface 

Exposure Rates 
1 cm Above 

Surface 
Ra-226 U-235 U-238 Th-232 Cs-137 

North East (μR/hr) (μR/hr) (μrad/hr) (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g)
3 602    0.74 ± 0.14 <0.13 <2.84 0.55 ± 0.21 0.02 ± 0.05 

-5 b 620    0.72 ± 0.16 <0.13 5.43 ± 9.73 0.60 ± 0.20 0.02 ± 0.06 
-5 b 640    0.53 ± 0.13 <0.12 <2.69 0.59 ± 0.22 <0.02 
-5 b 660    0.64 ± 0.14 <0.13 <3.12 0.42 ± 0.30 0.04 ± 0.06 

 
20 500    1.50 ± 0.19 0.18 ± 0.28 <3.15 0.48 ± 0.23 0.09 ± 0.05 
20 520    0.64 ± 0.14 <0.11 5.08 ± 6.38 0.50 ± 0.17 0.06 ± 0.04 
20 540    --- --- --- --- --- 
20 560    --- --- --- --- --- 
20 580    --- --- --- --- --- 
20 600    --- --- --- --- --- 
20 620    --- --- --- --- --- 
20 640    --- --- --- --- --- 
20 660    --- --- --- --- --- 

 
40 500    0.74 ± 0.24 <0.15 <2.91 0.49 ± 0.31 <0.03 
40 520    2.48 ± 0.26 <0.19 <4.77 0.68 ± 0.33 0.16 ± 0.07 
40 540    0.96 ± 0.16 <0.11 <2.45 0.34 ± 0.25 0.07 ± 0.09 
40 560    --- --- --- --- --- 
40 580    --- --- --- --- --- 
40 600    --- --- --- --- --- 
40 620    --- --- --- --- --- 
40 640    --- --- --- --- --- 
40 660    1.14 ± 0.18 <0.14 <3.19 0.80 ± 0.26 0.04 ± 0.07 

Source: ORAU 1983a 
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Table 10. VP-E' Direct Readings from North of KAPL Storage, 5-m Grid of Area 
 

Grid Coordinates 
Gamma Exposure 

Rates at 1 m Above 
Surface 

Gamma Exposure 
Rates at the Surface  

Beta-Gamma Dose 
Rates at 1 cm 

Above Surface 
North East (μR/hr) (μR/hr) (μrad/hr)
Area 1  

20 

540 5.2 5.4 45 
545 5.4 5.0 32 
550 5.9 5.4 32 
555 5.4 5.4 27 
560 4.8 5.0 43 
565 6 5.4 32 
570 5.4 5.7 33 
575 5.7 5.6 37 
580 5.4 5.2 37 
585 5.2 5.0 16 
590 4.4 4.4 32 
595 5.4 5.4 31 

25 

540 6.2 6.2 29 
545 6.2 6.0 31 
550 5.4 5.9 21 
555 5.4 5.4 31 
560 4.8 5.0 27 
565 5.0 5.0 22 
570 5.4 4.6 31 
575 5.0 5.0 35 
580 4.6 4.8 32 
585 5.0 5.4 27 
590 5.0 4.6 24 
595 5.0 5.0 22 
600 4.6 4.4 31 
605 4.8 4.4 16 
610 5.0 4.8 40 

30 

540 6.2 7.2 38 
545 6.0 6.6 26 
550 5.6 5.9 27 
555 5.0 4.6 22 
560 5.4 4.6 26 
565 5.6 5.4 26 
570 5.2 5.2 16 
575 5.6 5.2 21 
580 5.4 5.0 19 
585 5.0 4.6 37 
590 5.2 4.6 32 
595 5.2 5.2 32 
600 5.6 5.7 27 

30 
605 4.4 4.8 21 
610 5.0 5.0 32 



 
Table 10 (continued). VP-E' Direct Readings from North of KAPL Storage, 5-m Grid of Area 
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Grid Coordinates 
Gamma Exposure 

Rates at 1 m Above 
Surface 

Gamma Exposure 
Rates at the Surface  

Beta-Gamma Dose 
Rates at 1 cm 

Above Surface 
North East (μR/hr) (μR/hr) (μrad/hr)

35 

540 6.8 6.2 40 
545 6.8 6.2 40 
550 6.0 6.8 33 
555 5.0 5.0 22 
560 5.4 5.7 32 
565 5.4 5.2 27 
570 5.4 5.7 31 
575 6.6 7.2 43 
580 5.2 5.4 27 
585 5.7 6.0 35 
590 6.2 7.0 37 
595 5.4 5.7 22 
600 5.6 5.7 27 
605 5.7 7.0 26 
610 5.2 5.0 29 

40 

540 7.4 8.8 51 
545 7.2 6.6 29 
550 8.6 8.8 38 
555 5.7 5.4 24 
560 5.2 5.9 32 

Source: ORAU 1983a 
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Table 11. VP-E' Verification Summary Table 
 

Location Radionuclide Concentrations (pCi/g) 
N E Ra-226 U-238 Th-232 

Section 1  
1974 1437 22.5 ± 3.7 <5.9 2.1 ± 0.2 
1974 1437 2.0 ± 0.3 1.5 ± 0.9 0.6 ± 0.6 

 
(after further 
remediation) 

   

1992 1403 2.2 ± 0.5 1.6 ± 2.5 0.7 ± 0.5 
1993 1444 16.2 ± 0.8 6.1 ± 2.8 1.3 ± 0.8 
2000 1442 6.0 ± 0.5 3.4 ± 2.5 0.9 ± 0.3 
2012 1393 3.2 ± 0.4 4.8 ± 3.8 1.1 ± 0.4 
2073 1344 25.7 ± 1.1 2.8 ± 3.0 0.8 ± 0.8 
2073 1344 13.6 ± 0.6 5.0 ± 0.6 1.2 ± 0.5 

 
(after further 
remediation) 

   

2100 1340 1.8 ± 0.3 3.4 ± 0.8 0.8 ± 0.5 
 

Section 2  
2035 1943 6.3 ± 0.7 <1.4 0.8 ± 0.4 
2134 2072 2.5 ± 0.4 <0.8 0.9 ± 0.5 
2259 2072 20.6 ± 0.8 <10.5 1.2 ± 0.6 
2279 2085 1.3 ± 0.3 2.6 ± 2.1 1.1 ± 0.4 

 
Section 3  

2034 2169 115 ± 2 6.6 ± 2.5 1.9 ± 1.3 
2039 2168 156 ± 3 35.0 ± 9.3 <1.0 
2039 2170 258 ± 3 <33 <1.1 
2093 2185 8.0 ± 0.7 18.3 ± 2.8 0.8 ± 0.6 
2093 2223 13.8 ± 0.7 2.0 ± 1.4 0.9 ± 0.4 
2107 2174 2.2 ± 0.4 1.3 ± 1.7 0.5 ± 0.4 

 
Section 4  

2024 3463 1.0 ± 0.3 <0.8 1.0 ± 0.3 
2029 3456 1110 ± 10 <7.9 <2.4 
2029 3456 0.7 ± 0.2 <3.9 0.9 ± 0.3 

(after further remediation)    
2034 3467 1.2 ± 0.2 <0.6 1.0 ± 0.4 
2044 3445 0.8 ± 0.3 1.1 ± 1.1 0.8 ± 0.5 
2056 3505 2.0 ± 0.3 1.4 ± 1.6 0.7 ± 0.6 
2067 3167 0.6 ± 0.2 0.7 ± 1.1 0.7 ± 0.3 
2082 3424 1.2 ± 0.2 1.3 ± 1.3 1.3 ± 0.6 

Source: ORAU 1990 
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Table 12. VP-H' Assessment Data (Direct Readings of Surface Soils) 

 

Grid 
Location 

Direct Reading Measurements Surface Soil Samples 
Gamma Exposure 

Rates at 1 m Above 
the Surface 

Gamma Exposure
Rates at the 

Surface 

Beta-Gamma 
Dose Rates at the 

Surface 
Radionuclide Concentrations (pCi/g) 

(μR/hr) (μR/hr) (μrad/hr) Ra-226 U-235 U-238 Th-232 Cs-137 
80N, 80E 7.2 7.2 35 0.64 ± 0.17 0.45 ± 0.45 <2.66 0.77 ± 0.31 0.35 ± 0.09 

80N, 100E 8.0 7.4 23 0.68 ± 0.21 <0.18 <2.54 <0.20 0.42 ± 0.11 
80N, 120E 6.8 7.2 29 0.71 ± 0.16 <0.21 <2.64 0.84 ± 0.34 0.64 ± 0.10 
80N, 140E 7.7 7.7 38 0.71 ± 0.19 <0.22 <3.94 0.61 ± 0.34 0.67 ± 0.15 
80N, 160E 7.4 7.2 25 0.87 ± 0.18 <0.21 <3.68 <0.22 0.49 ± 0.10 
80N, 178E 7.3 8.6 37 1.40 ± 0.39 <0.33 <4.06 <0.26 0.99 ± 0.21 

Source: ORAU 1983b 
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Table 13. VP-H' Selected Assessment Data 
 

Samplea  Grid Location  
Radionuclide Concentrations (pCi/g)b 

Ra-226  U-235  U-238f  Th-232  Cs-137  
B1 64N, 139E 278 ± 4c 11.7 ± 5.2 228 ± 97 <1.31 8.32 ± 0.96 
B2 63N, 140E 2.14 ± 0.43 66.0 ± 3.0 1480 ± 50 <0.26 0.56 ± 0.21 
B3 63N, 137E 167 ± 2 13.7 ± 3.4 202 ± 51 <0.68 3.48 ± 0.44 
B4 62N, 152E 53.9 ± 1.1 3.16 ± 1.76 43.8 ± 30.3 <0.42 1.44 ± 0.25 
B5 58N, 172E 11.6 ± 0.5 0.84 ± 0.92 <6.46 <0.28 0.17 ± 0.13 
B6 52N, 141Ed 1750 ± 10 <8.24 450 ± 220 <3.48 27.1 ± 2.3 
B7 51N, 178E 17 ± 0.6 1.02 ± 0.98 <7.20 <0.26 0.66 ± 0.16 
B8 45N, 126E 835 ± 5 <3.57 <11.0 <1.53 13.8 ± 1.0 
B9 44N, 162E 18.5 ±0.9 <0.81 <11.1 <0.43 0.70 ± 0.22 

B10 41N, 101E 110 ± 2 2.93 ± 2.68 <16.3 <0.54 2.63 ± 0.39 
B11 35N, 115E 22.8 ± 0.7 1.13 ± 1.10 <7.96 <0.30 0.58 ± 0.16 
B12 30N, 130E 123 ± 3 3.06 ± 4.03 <7.02 <0.90 1.98 ± 0.52 
B13 26N, 96E 470 ± 5 <3.89 <9.14 <1.55 7.45 ± 0.93 
B14 23N, 177E 501 ± 5 <3.81 <12.5 <1.62 7.22 ± 1.13 
B15 20N, 170E 141 ± 2 <1.96 <4.64 <0.87 <0.23 
B16 20N, 177E 11.9 ± 0.5 <0.45 <6.17 <0.22 0.83 ± 0.16 
B17 17N, 110E 219 ± 3 <2.60 <8.47 <1.12 3.64 ± 0.83 
B18 14N, 178Ee 330 ± 3 7.73 ± 4.59 134 ± 68 <1.10 33.0 ± 0.7 
B19 10N, 175E 18.9 ± 0.6 0.85 ± 1.02 <7.32 <0.25 0.74 ± 0.16 
B20 10N, 145E 38.9 ± 0.9 <0.75 28.2 ± 23.0 0.69 ± 0.67 0.60 ± 0.20 
B21 7N, 83E 958 ± 7 <5.29 <17.0 <2.22 15.1 ± 1.5 

a Locations on Figure 20. 
b Analytical for locations on Figure 20. 
c Errors are 2σ based on counting statistics.  
d This sample also contained 9.71 ± 0.75 pCi/g of Sr-90 and 0.30 ± 0.26 pCi/g of Pu-239. 
e This sample also contained 13.3 ± 1.3 pCi/g of Co-60 and 1.29 ± 0.36 pCi/g of Sr-90. 
f Large minimum detectable activities and relative errors are the result of high continuum count rates resulting from 
high levels of Ra-226 in these samples. 
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Table 14. VP-H' Verification Survey Data  
 

Property Sample ID Grid Location Analysis By 
Radionuclide Concentration (pCi/g)a 

Ra-226 U-238 Th-232 

H' 

102 N 2020, E1130 
BNIb 0.6 ± 0.2 <MDAc 0.4 ± 0.4 

ORAUd 1.4 ± 0.4 1.7 ± 1.3 1.2 ± 0.5 

105 N2020, 1200 
BNI 1.1 ± 0.2 2.5 ± 2.2 1.6 ± 0.4 

ORAU 0.9 ± 0.3 2.1 ± 1.5 1.3 ± 0.6 

117 N2030, E1230 
BNI 1.0 ± 0.2 <MDA 0.9 ± 0.4 

ORAU 0.9 ± 0.2 1.7 ± 1.4 1.1 ± 0.04 

146 N2070, E1050 
BNI 1.1 ± 0.2 1.3 ± 1.8 1.0 ± 0.04 

ORAU 1.3 ± 0.2 1.8 ± 1.4 1.2 ± 0.5 

346 N2070, E1110 
BNI 1.2 ± 0.4 <MDA 1.6 ± 0.4 

ORAU 2.1 ± 0.4 1.7 ± 2.8 1.1 ± 0.7 

325 N2130, E1010 
BNI 0.7 ± 0.2 <MDA 0.6 ± 0.2 

ORAU 0.9 ± 0.3 1.9 ± 0.8 1.1 ± 0.3 

28 N2130, E1230 
BNI 1.0 ± 0.2 3.2 ± 3.6 1.0 ± 0.4 

ORAU 0.9 ± 0.2 1.9 ± 0.8 1.1 ± 0.3 
a Uncertainties represent the 95 percent confidence levels, based only on counting statistics; additional laboratory uncertainties of ± 6 to 10 percent have not been 
  propagated into these data. 
b Bechtel National, Inc. (BNI) 
c minimum detectable amount (MDA) 
d Oak Ridge Associated Universities  
 
Source: ORAU 1989 
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Table 15. VP-H' Cinder Removal Data 

 
Location Radionuclide Concentration (pCi/g) 

N E Ra-226 U-238 Th-232 
1937 1125 1.4 ± 0.3 1.4 ± 1.6 0.7 ± 0.3 
1940 1122 1.2 ± 0.2 1.6 ± 0.9 1.1 ± 0.4 
1940 1128 1.1 ± 0.3 1.6 ± 1.2 1.2 ± 0.4 
1943 1125 0.5 ± 0.3 0.6 ± 1.7 0.6 ± 0.3 

Source: ORAU 1989 
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1.0 ACRONYMS AND GLOSSARY 

UNITS OF MEASURE 
 

centi hundred, or hundredth part 
Ci Curie 
Ci/ml Curie per milliliter 
cm centimeter 
cm2 square centimeter 
cpm counts per minute 
cpm corr corrected counts per minute 
CW closed window 
 
dpm disintegrations per minute 
 
F Fahrenheit 
ft  foot, feet 
ft2 square feet 
ft3 cubic feet  
 
g gram  
gal gallon, gallons 
gpm gallons per minute 
 
HP horsepower 
hr hour 
 
in inch(es) 
in2 square inch(es) 
 
kg kilogram 
kilo thousand 
 
l liter 

MDA minimum detectible activity 
micro  millionth 
milli thousandth 
min minute 
ml milliliter 
mR milliRoentgen 
mrad millirad 
mRem milliRem 
mRep milliRoentgen equivalent physical 
 
nano thousand millionth 
 
pCi picoCurie 
pico one trillionth (10¯12) part 
ppm parts per million 
psig pounds per square inch gauge 
 
R Roentgen 
rad radiation absorbed dose  
Rem Roentgen equivalent man 
Rep Roentgen equivalent physical 
 
sq ft square feet (foot) 
 
μCi microCurie 
μCi/cc microCurie per cubic centimeter 
μCi/ml microCurie per milliliter 
μg microgram 
 

 
 

ACRONYMS 
 

Ag silver 
Al aluminum 
Am americium 
App. appendix 
 
B boron 
Ba barium 
BCE batch count extraction 
Be beryllium 
 
Bi bismuth 

 
BKC Blaw-Knox Company 
 
C carbon 
C-(six digit number) correspondence referenced 
Ca calcium 
CCTF Corrosion Coolant Test Facilities 
Cd cadmium 
Ce cerium 
CFR Code of Federal Regulations 
Cl chlorine 
Co cobalt 
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corr corrected [cpm] 
Cr chromium 
Cs cesium 
Cu copper 
CW closed window 
 
DAC derived air concentration 
DOE U.S. Department of Energy 
 
EPA U.S. Environmental Protection Agency 
Eu europium 
 
F fluorine 
Fe iron 
FPCE Full Core Physics Experiment 
FY fiscal year 
 
GE General Electric 
GM Geiger-Mueller (detector) 
 
H hydrogen 
HEPA high efficiency particulate air (filter) 
Hg mercury 
HP horsepower 
HSA historical site assessment 
 
I iodine 
I-(six digit number) interview referenced 
 
K potassium 
KAPL Knolls Atomic Power Laboratory 
 
MARSSIM  Multi-Agency Radiation Survey and 

Site Investigation Manual  
Mg magnesium 
Mn manganese 
MPC Maximum Permissible Concentration 
MPCa Maximum Permissible Concentration 

for air 
 
N nitrogen 
Na sodium 
Nb niobium 
Ni nickel 
NNSA National Nuclear Security 

Administration 
NRC Nuclear Regulatory Commission 
NYSDEC New York State Department of 

Environmental Conservation 
 

OW open window  
 
P phosphorous 
p. page 
Pa protactinium 
Pb lead 
PCB polychlorinated biphenyls 
pp. pages 
Pr praseodymium  
Pu  plutonium 
PUREX plutonium uranium extraction  
 
R-(six digit number) report reference 
Ra radium 
radiac radioactive detection, identification, 

and computation  
RCRA Resource Conservation and Recovery 

Act 
REDOX reduction-oxidation  
RML Radioactive Materials Laboratory  
RMP radiation work permit 
Rn radon 
Ru ruthenium  
RWP radiological work permit 
 
S sulfur 
Si silicon 
S&M surveillance and maintenance 
SPRU Separations Process Research Unit 
Sr strontium 
SWMU solid waste management unit 
 
TBP tributyl phosphate 
Th thorium 
Ti titanium 
TRU transuranic 
 
U uranium 
USGS United States Geological Survey 
 
V-(six digit number)  videotape reference 
 
WBS work breakdown structure 
 
Y yttrium 
 
Zn zinc 
Zr zirconium 
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GLOSSARY 
actinide(s). A group of elements that are very dense, radioactive metals. The elements are actinium, 
thorium, protactinium, uranium, neptunium, plutonium, americium, curium, berkelium, californium, 
einsteinium, fermium, mendelevium, nobelium, and lawrencium. 

accessible. In this historical site assessment, the term accessible is used to describe areas in Buildings G2, 
H2, and the pipe tunnels that can be entered without dosimetry, protective clothing, respirators, or 
supplied clean air. See also “inaccessible.” 

alpha. A particle emitted from the nucleus of an atom that contains two protons and two neutrons.  

aquiclude. A subsurface rock, soil, or sediment unit that does not yield useful quantities of water. 

background radiation. Radiation from: (1) naturally occurring radioactive materials which have not  
been technologically enhanced; (2) cosmic sources; (3) global fallout as it exists in the environment (such 
as from the testing of nuclear explosive devices); (4) radon and its progeny in concentrations or levels 
existing in buildings or the environment which have not been elevated as a result of current or prior 
activities; and (5) consumer products containing nominal amounts of radioactive material or producing 
nominal amounts of radiation (DOE-STD-1098-99, Radiological Control [Change Notice No. 1, June 
2004]). Background radiation is typically less than 10 microrad per hour. 

beta. A beta is a high-speed particle, identical to an electron, that is emitted from the nucleus of an atom. 

cell. A shielded enclosure within a structure where hazardous processes can be remotely controlled and 
carried out. Cells are typically constructed of thick concrete walls to isolate radioactive materials, and 
fission products that have high gamma radiation emissions. 

closed window (CW). The position that the “sleeve” of a Geiger-Mueller (GM) detector must be in to 
cover the detector and filter out beta radiation, allowing only gamma and x-ray radiation to be measured. 

contamination area. One type of radiologically contaminated area. Others are “radiation area,” “high 
radiation area,” “very high radiation area,” or “high contamination area.” Entry into these areas requires 
workers to have special training, protective clothing, and a radiological work permit. A contamination 
area is an area where removable contamination levels (disintegrations per minute/100 cm2) exceed or are 
likely to exceed the listed values in Table 2-2 of DOE-STD-1098-99, Radiological Control (Change 
Notice No. 1, June 2004), but less than or equal to 100 times the Table 2-2 values.  

corrected counts per minute (cpm corr or ccpm). Counts per minute measured less the average 
background radiation count. Counts per minute may also be corrected for decay. 

crud. A buildup of radiological precipitates in piping or other fluid system components in bends, elbows, 
tanks, etc. 

Curie. A Curie is a measure of radioactivity based on the observed decay rate of approximately 1 gram of 
radium. The Curie was named in honor of Pierre and Marie Curie, pioneers in the study of radiation. One 
Curie of radioactive material has 37 billion atomic transformations (disintegrations) in 1 second. It is 
defined as the number of nuclear transformations occurring per minute. One Curie = 2.22 x 1012 
disintegrations per minute. 

decommissioning. The process of closing and securing a nuclear facility or nuclear materials storage 
facility to provide adequate protection from radiation exposure and to isolate radioactive contamination 
from the human environment. 

decontamination. The removal of a chemical, biological, or radiological contaminant from, or 
neutralizing its potential effect on, a person, object or environment by washing, chemical action, 
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mechanical cleaning, or other techniques. Decontamination may also include treatment and disposal of 
wastes generated during decontamination efforts. 

derived air concentration (DAC). For the radionuclides listed in Appendix A of 10 CFR 835, the airborne 
concentration that equals the annual limit on intake (ALI) divided by the volume of air breathed by an 
average worker for a working year of 2000 hours (assuming a breathing volume of 2,400 cubic meters). 
For radionuclides listed in Appendix C of 10 CFR 835, the air immersion DACs were calculated for a 
continuous, non-shielded exposure via immersion in a semi-infinite atmospheric cloud. The values are 
based upon the derived airborne concentration found in Table 1 of the U. S. Environmental Protection 
Agency's Federal Guidance Report No. 11, Limiting Values of Radionuclide Intake and Air Concentration 
and Dose Conversion Factors for Inhalation, Submersion, and Ingestion, published September 1988 
(DOE-STD-1098-99, Radiological Control [Change Notice No. 1, June 2004]).  

exponential notation. The following exponential notations are examples of those used in this document.  
 1 × 104 = 10,000 
 1 × 102 = 100 
 1 × 100 = 1 
 1 × 10-2 = 0.01 
 1 × 10-4 = 0.0001 
 

facilon. A durable fiberglass reinforced plastic sheeting material commonly used in radiological 
contamination controls. 

fission product. A usually radioactive isotope produced as a result of the fission of a massive atom such 
as U-235. The REDOX and PUREX runs for the separation of plutonium and uranium from fission 
products by solvent extraction were tested in the SPRU Building G2. 

fixed contamination. Radioactivity remaining on a surface after repeated decontamination attempts fail to 
significantly reduce the contamination level. 

gamma. Gamma rays are electromagnetic waves or photons emitted from the nucleus (center) of an atom. 

high-level radioactive waste. During the years of SPRU research (and for the purposes of this historical 
site assessment) high-level radioactive waste referred to the liquid waste produced in the G2 process pilot 
plant that measured 0.05 microCuries or greater per liter. Low-level radioactive waste (less than 0.05 
microCuries per liter) included contaminated waste from the laundry and incinerator scrubber. The 
chemistry laboratories also produced primarily low-level radioactive liquid waste. These high- and low-
level waste definitions were used to distinguish waste streams at the time of SPRU operations and do not 
correspond to present DOE definitions of high- and low-level waste (R-001949, p. 36).  

high radiation area. One type of radiologically contaminated area. Others include “radiation area,” “very 
high radiation area,” “contamination area,” or “high contamination area.” Entry into these areas requires 
workers to have special training, protective clothing, and a radiological work permit. A high radiation 
area is an area with dose rates greater than 100 milliRems in one hour 30 centimeters from the source or 
from any surface through which the ionizing radiation penetrates. Areas at licensee facilities must be 
posted as “high radiation areas,” and access into these areas is maintained under strict control (DOE-STD-
1098-99, Radiological Control [Change Notice No. 1, June 2004]). 

inaccessible. In this historical site assessment, the term inaccessible is used to describe areas in Buildings 
G2, H2, and the Pipe Tunnels that cannot be entered without dosimetry, protective clothing, and in some 
cases, respirators or supplied clean air. See also “accessible.” 

interceptor. An interceptor is a plumbing trap that collects particulates and solids in a piping system.  
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low-level radioactive waste. During the years of SPRU research (and for the purposes of this historical 
site assessment) low-level radioactive waste (less than 0.05 microCuries per liter) included contaminated 
waste from the laundry and incinerator scrubber. The chemistry laboratories also produced primarily low-
level radioactive liquid waste. High-level radioactive waste refers to the liquid waste produced in the G2 
process pilot plant that was 0.05 microCuries or greater per liter. These high- and low-level waste 
definitions were used to distinguish waste streams at the time of SPRU operations and do not correspond 
to present DOE definitions of high- and low-level waste (R-001949, p. 36). (See definition of radioactive 
waste.) 

MPCa (Maximum permissible concentration for air). MPCa is the concentration of a radioisotope in air 
that would lead to an annual dose of 5 Rem due to inhalation of that isotope. This unit was replaced by the 
derived air concentration (DAC). 

non-process areas (versus process areas). Non-process areas are the areas in G2 that were not used to 
chemically separate plutonium from uranium. The non-process areas are currently accessible.  

open window (OW). The position that the “sleeve” of a GM detector must be in to expose the detector. 
Beta, gamma, and x-ray radiation are measured with an “open window.” 

picoCurie. A picoCurie is one one-trillionth (1/1,000,000,000,000) of a Curie.  

plenum. An air-filled space in a structure that receives air from a blower for distribution (as in a 
ventilation system). 

process areas (versus non-process areas). The SPRU process area (about 7,500 square feet [R-001949, 
p. 64]) is inaccessible and includes Cells Nos. 1, 2, 3, 4, and 5; Cell Access Corridor, Process and Hot 
Tunnels, Upper and Lower Sampling Aisles, and the Pipe and Motor Generator Room. These areas were 
used to chemically separate plutonium from uranium. 

protective storage mode. Protection storage mode is a non-operating status with continuing surveillance 
and monitoring. 

PUREX. PUREX is a uranium and plutonium extraction process using a solvent, tributyl phosphate 
(TBP). SPRU was a PUREX pilot plant. 

rad, radiation absorbed dose. The rad is a unit for measuring energy absorbed in any material. Absorbed 
dose results from energy being deposited by the radiation. It is defined for any material and applies to all 
types of radiation. It is a measurement of absorbed dose but does not take into account the potential 
biological effects that different types of radiation have on the human body. Greater than 100 rad must be 
imparted in a short period over a substantial portion of the body before most individuals will show 
significant clinical symptoms. 

radiac (radioactive detection, identification, and computation). The term refers to the detection and 
measurement of the intensity of emitted nuclear radiation. 

radiation. Radiation is energy in transit in the form of high-speed particles and electromagnetic waves. 
Electromagnetic waves make up visible light, radio and television waves, ultraviolet, and microwaves, 
with a large spectrum of energies. These examples of electromagnetic waves do not cause ionizations of 
atoms because they do not carry enough energy to separate molecules or remove electrons from atoms. 

radiation area. One type of radiologically contaminated area. Others include “high radiation area,” “very 
high radiation area,” “contamination area,” or “high contamination area.” Entry into these areas requires 
workers to have special training, protective clothing, and a radiological work permit. A radiation area is 
any area with radiation levels greater than 5 milliRems in one hour at 30 centimeters from the source or 
from any surface through which the radiation penetrates (DOE-STD-1098-99, Radiological Control 
[Change Notice No. 1, June 2004]). 
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radioactive waste. During SPRU operations, high-level radioactive liquid waste was defined as 
0.05 microCuries or more per liter and low-level radioactive waste was defined as less than 
0.05 microCuries per liter. Note: These are not current DOE definitions of high and low-level radioactive 
waste. Per DOE Manual 435.1-1, Radioactive Waste Management Manual, (July 9, 1999), high-level 
waste is the highly radioactive waste material resulting from the reprocessing of spent nuclear fuel, 
including liquid waste produced directly in reprocessing and any solid material derived from such liquid 
waste that contains fission products in sufficient concentrations, and other highly radioactive material that 
is determined, consistent with existing law, to require permanent isolation. Low-level radioactive waste is 
radioactive waste that is not high-level radioactive waste, spent nuclear fuel, transuranic waste, byproduct 
material, or naturally occurring radioactive material. 

radiological work permit (RWP). Permit that identifies radiological conditions, establishes worker 
protection and monitoring requirements, and contains specific approvals for radiological work activities. 
The radiological work permit is an administrative process for planning and controlling radiological work 
and informing workers of the radiological conditions (DOE-STD-1098-99, CN1, June 2004). 

REDOX (reduction-oxidation). REDOX was a chemical extraction process for separating uranium and 
plutonium from mixed fission products. SPRU was a REDOX pilot plant. A full-scale REDOX plant was 
built at the Hanford site in Richland, Washington. 

Rem, Roentgen equivalent man. The Rem is a unit for measuring the biological effects of radiation on 
the human body. It is the most commonly used unit for dose reporting. The Rem takes into account the 
absorbed dose and the biological effects of different types of radiation. It is a measurement of biological 
dose equivalence. This unit applies to both internal and external doses. 

removable contamination. Radioactivity that can be transferred from a surface to an absorbent material, 
such as filter paper or cotton swabs, by rubbing with moderate pressure and swabbing an area of at least 
100 square centimeters. 

Rep, Roentgen equivalent physical. The Rep is an obsolete unit of absorbed radiation dose equal to the 
absorption of 93 ergs of energy per gram. This is equivalent to 0.93 rad. The definition was made because 
a dose of 1 rep of beta rays was considered biologically equivalent to a dose of 1 Roentgen of x-rays. 

Roentgen. The Roentgen is a unit for measuring ionization caused by gamma/x-rays in air. Therefore, it 
does not relate to the biological effects of radiation on the human body. It is a measurement of exposure. 

SI prefixes. SI stands for “Système International d'Unités,” or the international system of units. SI 
prefixes refer to the way many units are broken down into smaller units or expressed as multiples, using 
standard metric prefixes. Examples include a millirad (mrad) is 10-3 rad, a microRem (µRem) is 10-6 Rem, 
a nanogram is 10-9 grams, and a picoCurie is 10-12 Curies. 

slug. A slug is a lump, disk, or cylinder of metal. During SPRU pilot tests, metal slugs (smaller than 6 
inches in diameter) containing uranium and encased in aluminum were separated into plutonium and 
uranium. 

surficial. Surficial means of or pertaining to a surface, especially the land surface: a surficial geologic 
deposit. 

surveillance and maintenance. Periodic inspections and maintenance of structures, systems, and 
equipment necessary for the satisfactory containment of contamination to protect workers, the public, and 
the environment. 

TBP/diluent. Solvent extraction is a process to recover, purify, or separate metals during liquid 
extraction. Solvent extraction refers to a process that transfers one or more components between two 
immiscible (or nearly immiscible) liquid phases. Many solvents can extract uranium, plutonium, or 
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thorium from acid solutions. One of these solvents is tri-n-butyl phosphate (TBP). The TBP is always 
diluted in an organic matrix, or diluent, to improve the physical characteristics of the organic phase. 
Transuranic (TRU). Transuranics are elements heavier than uranium (e.g., plutonium) with half-lives 
greater than 20 years and concentrations of more than 100 nanoCuries per gram of waste. All transuranics 
are man-made alpha-emitters. SPRU operations involved TRU elements.  

work breakdown structure (WBS). A deliverable-oriented grouping of project elements that organizes 
and defines the total scope of the project. Each descending level represents an increasingly detailed 
definition of a project component. Project components may be products or services. The WBS reflects the 
way in which project costs and data will be summarized and eventually reported. 
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2 EXECUTIVE SUMMARY 

The Nuclear Facility Historical Site Assessment for the Separations Process Research Unit (SPRU) 
Disposition Project documents the identification, collection, organization, cataloguing, review, and 
analysis of available information for the SPRU Disposition Project. The SPRU facilities occupy 
approximately 5 acres on the Knolls Atomic Power Laboratory (KAPL) property in Niskayuna, New 
York. KAPL is owned by the U.S. government and operated by the U.S. Department of Energy (DOE) 
Office of Naval Reactors, Schenectady Naval Reactors, and their contractor, KAPL, Inc., a Lockheed 
Martin Company.  

The SPRU Disposition Project includes both the SPRU nuclear facilities and land areas. The land areas 
are addressed in a separate historical site assessment. 

The SPRU facilities were constructed to research the separation of plutonium and uranium from 
radioactive material encased in aluminum, known as slugs. SPRU operated between February 1950 and 
October 1953, when research activities ceased following successful development of the reduction 
oxidation (REDOX) and plutonium uranium extraction (PUREX) processes subsequently used by 
Hanford and the Savannah River Sites. The research was performed on a laboratory scale; SPRU was 
never a production plant. Decommissioning of SPRU began in October 1953 and continued through the 
1990s. All SPRU facilities are under surveillance and maintenance.  

This report organizes and compiles information for the following SPRU facilities:  

• Building G2 – contains laboratories, hot cells, separations process testing equipment, and the pipe 
tunnels in G2 

• Building H2 – contains equipment and tanks for liquid waste processing and includes the H2 Pipe 
Tunnel and H1 Cooling Towers 

• Tunnels – contain piping, utilities, and equipment in each building and also connect Buildings G2 
and H2 and Buildings G1 and E1 

• Tank Farm – contains subsurface tank vaults and tanks along the eastern side of Building H2 for 
storing liquid waste. 

In addition to summarizing the historical documentation, this historical site assessment addresses whether 
areas are impacted or not impacted by radioactive contamination, the contamination sources, the 
likelihood of contamination migration, threats to human health, and further characterization needs.  

Impacted versus Non-impacted 

The SPRU facilities are considered impacted by radioactive contamination above background levels. H2 
and G2 have high to very high radiation and contamination areas based on survey data, guidance, and 
definitions provided in DOE-STD-1098-99, Radiological Control, as well as low radiation and 
contamination areas. The Tunnels and Tank Farm are both considered high radiation and contamination 
areas. 
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Sources of Contamination  

SPRU processes were a contributor to the contamination in each of the facilities. The SPRU facility 
decontamination and decommissioning events through at least 1966 also generated radioactive waste. 
However, non-SPRU KAPL activities in G2, H2, the Tunnels, and the Tank Farm after SPRU 
decommissioning continued to contaminate these areas. Building H2 was used for waste management at 
least until 2001, when a new waste management facility at E11 became operational. The Tunnel piping is 
still used to transport liquid waste. 

Likelihood of Contamination Migration 

The Tank Farm vaults pose the highest potential for contamination migration relative to the other SPRU 
facilities. Contaminated water from unknown sources around H2 is collected in the H2 footer drains and 
treated in the Hillside Drain System. Buildings G2 and H2 are concrete structures with contaminated 
concrete and abandoned equipment and no evidence of migration from inside the buildings. If the 
facilities are demolished, a risk of releases to the air and soil exists. There is evidence of prior water 
seepage into the G2-H2 Tunnel as well as radioactive sludge in the north tunnel sump. There is no 
evidence that other SPRU areas are probable contamination pathways to the environment. 

Natural events such as earthquakes, flooding, fire, or human accident scenarios have the possibility of 
altering the physical conditions reported in this historical site assessment, including the likelihood of 
contamination migrating to the environment. 

Threat to Human Health 

The SPRU facilities are identified and managed as radiological control areas with specific area access 
restricted as appropriate. Human health risk to the public and current workers is as low as reasonable 
achievable and is considered negligible. The greatest risk to human health is estimated to be for workers 
should demolition of the facilities occur, although the risk is considered manageable. 

Further Characterization Needs 

The Tunnels and the piping in the Tunnels potentially require additional characterization prior to 
demolition activities. There is little information regarding contamination in the Tunnels and piping. There 
were interview references to pipes being nearly full of sludge and other references indicating the pipes 
were flushed to remove residual sludge. Two H2 areas recommended for further characterization include 
the Hopper Cells and the Pipe Tunnel. The accessible areas of Building G2 were surveyed in 2004, and 
the Tank Farm tanks and vaults were characterized during the 1989 and 1998 surveys. 

The conditions summarized above are based on historical site assessment information and assessments 
and are relevant only for the near future. Under current conditions and surveillance and maintenance 
activities, SPRU-related contamination is contained within the facilities, equipment, tanks, piping, and 
managed in the Hillside Drain System. 
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3 HISTORICAL SITE ASSESSMENT PURPOSE 

The purpose of a historical site assessment is to determine and document the status of a site or facility 
following the Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) guidance that 
resulted from U.S. Department of Energy (DOE), U.S. Environmental Protection Agency (EPA), and U.S. 
Nuclear Regulatory Commission (NRC) concurrence on an approach to conducting radiation surveys and 
investigations at potentially contaminated sites. This historical site assessment documents an investigation 
to collect existing information describing the Separations Process Research Unit (SPRU) facility history 
from the start of site activities to the present.  

The SPRU Disposition Project is being implemented under DOE Manual 413.3-1, Project Management 
for the Acquisition of Capital Assets. The DOE Manual 413.3-1 applies to all DOE projects with an 
expected budget in excess of $5 million, and establishes a capital acquisition management system that 
organizes projects into four phases with associated “Critical Decisions.” Information in the historical site 
assessment will provide input into the Critical Decision-1 package titled “Approve Alternative Selection 
and Cost Range.” An Integrated Project Team of individuals with diverse backgrounds will provide input 
to and review of key decisions throughout all phases of the SPRU Disposition Project. 

3.1 Historical Site Assessment Scope  
The following SPRU facilities are addressed in this historical site assessment, and are shown in 
Figure 3-1. SPRU facilities addressed in this historical site assessment and the associated work  
breakdown structure (WBS) designation are listed and described in Table 3-1.  

 

 

Figure 3-1. Structures in the Historical Site Assessment Scope (2004) 
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Table 3-1. SPRU Areas within the Scope of the Historical Site Assessment and Associated WBS  

Historical Site Assessment 
Section and Scope SPRU Facility and WBS Areas Included in WBS 

Section 7, G2 and G2 Pipe Tunnels 
Current Conditions 
Scope: G2 –laboratories, hot cells, 
separations process testing equipment, 
and the G2 Tunnels 

G2 and G2 Pipe Tunnels  
WBS 1.4.8.10.2.2 

G2 structure and contents; pipes; processing tanks 
Soil immediately adjacent to and below building 
Soil contaminated by discharges from building 
Stack and foundation 
G3 facility remnants 

Section 8, H2, H1, and H2 Pipe Tunnel 
Current Conditions 
Scope: H2 - used for liquid and solid 
waste processing, H1 Cooling Tower, the 
Pipe Tunnel inside H2, and the Tank 
Enclosures * (but not the tanks) 

H2 and Tank Enclosures  
WBS 1.4.8.10.2.3 
 

H2 structure and contents; pipes; processing tanks; and Tank 
Enclosures 
H2 Pipe Tunnel 
Soil immediately adjacent to and below building 
Soil contaminated by building discharges including the hillside 
Stack and foundation 
Demolition of decontaminated Tank Enclosures 
H1 Cooling Tower 
Cooling Tower Pump House 

Section 9, Tunnels Current Conditions 
Scope: Tunnels in and connecting G2 and 
H2 and between G2 and KAPL buildings 
G1 and E1 

Tunnel Cleanout  
WBS 1.4.8.10.2.4 
 

Pipes that are in G1 and E1 Tunnels 
Pipes that are in the G2-H2 Tunnel 
Decontamination of E1 and G1 Tunnels 

Section 10, Tank Farm Current Conditions 
Scope: Tank Farm - a subsurface 
concrete-enclosed series of tanks along 
the east side of H2 used for storing liquid 
waste 

Tank Enclosure Cleanout  
WBS 1.4.8.10.2.5 
 

Six 10,000-gallon waste tanks and one 5,000-gallon waste tank 
adjacent to H2 
Tank contents (tank heels, sludge, liquids, etc.) 
Piping (and contents) connecting the tanks with H2 
Soil above and below the Tank Enclosures 
Decontamination of Tank Enclosures 

* Tank Enclosures is the WBS term for Tank Vaults 

The following areas in the proximity of the SPRU facilities are not included in this historical site 
assessment and are addressed in the Land Areas Historical Site Assessment for the SPRU Disposition 
Project. 

• Upper Level Land Area 
− Soils and groundwater underlying and surrounding the SPRU Facility Area 

• North Field Land Area 
− Former Slurry Drum Storage Area 

• Lower Level Land Area 
− Lower Level Parking Lot 
− Railroad Staging Area 
− K4 and Laundry Lines 
− K5 Retention Basin 
− K6 and K7 Storage Pads (demolished and removed) 
− J3 Cold Incinerator 
− J4 and J5 Sand Filter Bed Area 

3.2 SPRU Background 
The SPRU nuclear facilities are located on the Knolls Atomic Power Laboratory (KAPL) site in 
Niskayuna, New York, and managed by the DOE Office of Environmental Management. KAPL is owned 
by the U.S. government and operated by the U.S. DOE Office of Naval Reactors, Schenectady Naval 
Reactors, and their contractor, KAPL, Inc., a Lockheed Martin Company. The KAPL mission is 
envisioned to continue past the 2014 time frame estimated for SPRU cleanup. Therefore, the anticipated 
SPRU future land use, or end state, is consistent with DOE’s continued mission. 
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Construction began in 1947 under a contract between the General Electric Company (GE) and the Atomic 
Energy Commission. Originally, the site mission had a dual purpose: design and development of nuclear-
powered reactors and conduct of pilot tests on chemical processes to separate plutonium and uranium 
from radioactive material encased in aluminum. The SPRU facilities were constructed to address the latter 
mission on a laboratory scale; SPRU was never a production plant (R-001546)1. 

SPRU operated between February 1950 and October 1953, when research activities ceased following 
successful development of the reduction oxidation (REDOX) and plutonium uranium extraction 
(PUREX) processes subsequently used by Hanford and the Savannah River Site (R-000255). 
Decommissioning of SPRU continued through the 1990s; storage tanks were drained and flushed and 
steam, gas, and electrical services were shut down. The high efficiency particulate air (HEPA)-filtered 
exhaust system remained operational to maintain the buildings at a constant negative pressure. From the 
mid-1950s to the early 1990s, portions of Building G2 were modified and used by KAPL office workers 
and laboratory personnel (R-000255). Building H2 and the Tank Farm were partially shut down, but some 
areas remained in use for SPRU decommissioning activities and other KAPL waste management 
functions.  

Section 6, SPRU Facility History, provides a comprehensive history.  

                                                           
1 References in this historical site assessment are noted with parenthetical numbers that are listed in Appendix A, 
References.  
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4 PROPERTY IDENTIFICATION 

The SPRU Disposition Project nuclear facilities are on the KAPL site in eastern New York State, 
approximately 2 miles east of the City of Schenectady. KAPL is located along River Road, on the south 
bank of the Mohawk River. The SPRU facilities are shown in Figure 4-1 and listed in Table 4-1.  

 
Figure 4-1. SPRU Disposition Project Areas 
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Table 4-1. SPRU Disposition Project Areas  

Nuclear Facility Historical Site Assessment for the 
SPRU Disposition Project Scope 

 
Building G2  
Building H2 
H2 Tank Farm 
Pipe Tunnels 
Hi Cooling Tower  
Cooling Tower Pump House 

 
Land Areas Historical Site Assessment for the SPRU 

Disposition Project Scope 
 
Upper Level Land Area 

- Soils and groundwater underlying and 
surrounding the SPRU Facilities 

North Field Land Area 
- Former Slurry Drum Storage Area 

Lower Level Land Area 
- Lower Level Parking Lot 
- Railroad Staging Area 
- K4 and Laundry Lines 
- K5 Retention Basin 
- K6 and K7 Storage Pads (demolished and 

removed) 
- J3 Cold Incinerator 
- J4 and J5 Sand Filter Bed Areas 

 
 

Neither the KAPL site nor the SPRU Disposition Project areas are on EPA’s National Priorities List 
(C-000536, C-000537). In 1998, the New York State Department of Environmental Conservation 
(NYSDEC) completed a Resource Conservation and Recovery Act (RCRA) Facility Assessment, 
Preliminary Review – Visual Site Inspection Report of KAPL, and included SPRU Disposition Project 
areas (R-001546).  

The solid waste management units (SWMUs) listed in Table 4-2 are within the scope of the Nuclear 
Facility Historical Site Assessment for the SPRU Disposition Project. The SWMUs were formerly listed 
in the KAPL Part 373 NYSDEC Permit #4-4224-00024/00001, and are now included in the U.S. DOE 
SPRU RCRA Hazardous Waste Part A Permit Application, dated February 1, 2004. The SPRU site EPA 
ID number is NYR 000 096 859. Soil and groundwater near these SWMUs are being characterized in 
accordance with work plans approved by NYSDEC. 
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Table 4-2. SPRU Facility Solid Waste Management Units  

Name SWMU 
Number  

Description Notes 

H2 Tank Farm  SWMU-031 One 5,000-gallon and six 10,000-gallon 
stainless steel storage tanks in seven 
underground concrete vaults on the east side of 
H2 

 

SPRU Tank 527  SWMU-058 200-gallon stainless steel tank in G2 Cell 3 No further action per KAPL Site Permit.  
SPRU Tank 531  SWMU-059 500-gallon stainless steel tank in the East Bay 

of G2 Cell No. 5 
No further action per KAPL Site Permit. 

SPRU Tank 532  SWMU-060 400-gallon stainless steel tank in the East Bay 
of G2 Cell No. 5 

No further action per KAPL Site Permit. 

SPRU Tank 534  SWMU-061 750-gallon stainless steel tank in the East Bay 
of G2 Cell No. 5 

No further action per KAPL Site Permit. 

SPRU Tank 551  SWMU-062 75-gallon stainless steel tank in the East Bay of 
G2 Cell No. 5 

No further action per KAPL Site Permit. 

SPRU Tank 536  SWMU-063 100-gallon stainless steel tank in the East Bay 
of G2 Cell No. 5 

No further action per KAPL Site Permit. 

SPRU Tank 316  SWMU-064 1,000-gallon stainless steel tank in the south 
end of G2 Cell No. 5 

No further action per KAPL Site Permit. 

Pipe Tunnels  SWMU-057 Tunnels located in and connecting the 
basement of G2 and H2 

Inactive 

H2 Processing 
Facility  

SWMU-030 Waste Treatment Facility Inactive 

Source:  U.S. DOE SPRU RCRA Hazardous Waste Part A Permit Application, dated February 1, 2004. EPA ID number is 
NYR 000 096 859.  

4.1 Physical Characteristics  
SPRU-related areas occupy approximately 30 acres of the 170-acre KAPL site. The SPRU facilities 
described in this historical site assessment occupy approximately 5 acres. The remaining 25 acres consist 
of the Lower Level and North Field Land Areas, which will be addressed in a Land Areas Historical Site 
Assessment for the SPRU Disposition Project.  

Figure 4-2 shows the location of KAPL relative to its regional setting. The SPRU Project Office is located 
at 2425 River Road, Niskayuna, New York, 12309. The KAPL site and SPRU facilities are located on a 
bluff overlooking the southern bank of the Mohawk River. Surface elevations at the site range between 
approximately 330 feet above mean sea level at the top of the bluff to 230 feet on the lower portions of 
the site along the river. Figure 4-3 shows the KAPL property relative to its location in the Niskayuna area. 

4.2 Environmental Setting  
In the eastern portion of New York State near SPRU, the Mohawk River flows from west to east toward 
its confluence with the Hudson River approximately 15 miles downstream. The Mohawk River drains the 
southern portion of the Adirondack Mountains to the northwest and portions of the Catskill Mountains to 
the south. Median monthly discharge from the Mohawk River ranges between 2,000 and 10,000 cubic 
feet per second (USGS, 1996). Average annual precipitation near the site is 38 inches per year and 
average runoff is 18 inches per year. Surface water from the KAPL property drains to the northeast into 
the Mohawk River by way of three ephemeral streams: the East and West Boundary streams and the 
Midline Stream. 
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Figure 4-2. SPRU Area Map (2004) 
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Figure 4-3. SPRU Vicinity Map (2004)  

 
Surficial deposits at KAPL consist of tightly compacted glacial till up to 70 feet thick that acts as an 
aquiclude, minimizing the downward infiltration of water. The till thins toward the Mohawk River, where 
it is absent or up to a maximum of 10 feet thick. Glacial lake deposits of silt and fine sand are present at 
the surface in isolated areas on the KAPL site (R-000159, pp. 4-8). The surficial glacial deposits are 
underlain by bedrock consisting predominantly of Ordovician Schenectady Formation shale, with some 
interbedded siltstone that is up to 600 feet thick. The bedrock typically has low porosity and 
impermeability (R-000159, pp. 4-6). 

Shallow, perched groundwater is encountered intermittently in the glacial till and lake deposits and, when 
found, is not laterally continuous. Where present, it is encountered between 5 and 10 feet below grade, 
with a general flow direction to the north or northeast (R-000159). Groundwater within the underlying 
bedrock is found locally within fractures and bedding planes and is not laterally continuous. Where 
encountered, the water table in the shale bedrock is approximately 70 feet below grade, and groundwater 
flow is generally to the north or northeast toward the Mohawk River (R-000159), moving at less than 5 to 
10 feet per year (R-002032, p. 8). There are no aquifers suitable for development under the site because of 
the dense glacial till and low-permeability shale bedrock (R-002032). 

Locally, shallow north and northeasterly perched groundwater flow patterns are perturbed at the KAPL 
site by streams, topography, and artificial fill for building and piping around G2, H2, and the tunnels 
(Figure 4-4) (R-000431). The G2 and H2 foundations extend to depths of 12 and 30 feet below grade, 
respectively. Shallow groundwater flows preferentially through the more permeable backfill around the 
tunnels, piping corridors, and buildings.  
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Shallow, perched groundwater flow is also locally affected by footing drains that were installed along the 
exterior of the H2 foundation. Between 1983 and 2001, an average of 79,000 gallons of water per year 
discharged from the footing drains to a hillside collection sump west of the building (R-000432, 
pp. 10, 11). Water continues to discharge to the hillside sump and it is actively collected, monitored, and 
treated before being released to the storm water system (C-002100). 

Figure 4-4. SPRU Groundwater Schematic (2004) 
 

4.3 Adjacent Land Use 
Figure 4-5 shows land use in the areas adjacent to SPRU. SPRU is located within KAPL property, which 
occupies a strip of land along the southern bank of the Mohawk River. The area has been used for 
research and development since the late 1940s. GE continues to operate a research and development 
facility northwest of KAPL, and the Schenectady International Research Group is located further to the 
northwest along the river. 

To the southeast of the SPRU facilities, on the KAPL property, is a research and development facility 
dedicated to support of the United States Naval Nuclear Propulsion Program. KAPL facilities include 
administrative offices; chemistry, physics, radioactive materials laboratories; engineering offices; 
computer facilities; machine shops; a sewage pumping station; a boiler house; oil storage facilities; 
cooling tower; and RCRA-permitted hazardous and mixed waste storage and treatment facilities. 

Outside the KAPL boundaries, to the southwest, land use consists of medium- to high-density residential 
housing in Niskayuna, New York. To the southeast is the closed municipal landfill and Niskayuna 
recreational land consisting of hiking trails and a bike path. To the northeast, the Mohawk River is under 
the jurisdiction of the Canal Corporation. Across the Mohawk River is low-density residential housing in 
the Town of Clifton Park.  

Schematic Stratigraphic Cross Section
(Not to Scale)

R-000159, based on information from ERM-Northeast, 1992, Final Report – Hydrogeologic
Evaluation of the Knolls Atomic Power Laboratory – Knolls Site, July 8, 1992.
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Figure 4-5. SPRU Disposition Project Surrounding Area Land Use (2004)
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5 HISTORICAL SITE ASSESSMENT METHODOLOGY 

Information for the Nuclear Facility Historical Site Assessment for the SPRU Disposition Project was 
compiled and reviewed following the methodology presented in the DOE Statement of Work dated 
September 12, 2003, and the approach outlined in MARSSIM. A project team with expertise in nuclear 
engineering and health physics, civil and mechanical engineering, waste management facilities, 
environmental remediation, and historical site assessment development conducted the historical research 
and report preparation. Site visits were made to observe existing conditions in SPRU facilities and to 
interview knowledgeable people. The following types of information were reviewed: 

• Historical documents including SPRU Disposition Project correspondence and operational 
records from KAPL, SPRU, and other DOE sites’ libraries and files 

• Radiological survey data 
• Technical drawings 
• Property assessments 
• Photographs and video documentation of the building interiors 
• Interviews with past and current employees. 

5.1 Documents Reviewed 
The project team screened a list of approximately 3,000 documents for potential relevance to the Nuclear 
Facility Historical Site Assessment for the SPRU Disposition Project. Of these, approximately 1000 
documents were reviewed for information pertinent to the assessment; more than 160 documents were 
pertinent references for this document. In addition, 13 videotapes, more than 2,000 drawings or maps, and 
approximately 680 historical photographs were researched and reviewed for input into this document. 
Current photographs of the interior and exterior of Buildings G2 and H2 are included in this document. 

Documents reviewed included correspondence, radiological surveys, sampling data, permits, 
authorizations, and SPRU facility records from the time of construction to the present. The videotapes 
recorded historical inspections and radiological surveys that occurred in the SPRU facilities during the 
1989 inspections of Building H2, Building G2 process areas and tunnels, the G1 and G2-H2 unnels, and 
the 1998 Tank Farm inspection. The drawings and maps, specifically engineering drawings such as 
blueprints and site plats and plots, provided information concerning the chronology of construction, 
historical research activities, and post-closure modifications to the SPRU facilities. (Note: as-built 
drawings for the SPRU facilities do not exist.) Historical photographs provided documentation of the 
construction process and current building configurations.  

5.2 Site Visits 
Project team personnel toured the following SPRU-related areas of KAPL and interiors of Buildings G2 
and H2 to observe, assess, and document conditions: 

• Tour of Upper and Lower Areas, March 12, 2004 
• Tour of the interior of G2, exterior of H2 and G2, March 19, 2004 
• Tour of the interior of G2, exterior of H2 and G2, April 13, 2004 
• Tour of the interior of G2, exterior of H2 and G2, April 14, 2004 
• Tour of the interior of G2, exterior of H2 and G2, and Land Areas, April 26, 2004 
• Tour of the interiors of G2 and H2, May 11, 2004. 
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5.3 Personal Interviews 
Project team personnel conducted interviews with former and current KAPL employees. Interview notes 
are recorded and archived with SPRU reference documents.  

5.4 Radiological Contamination 
After compiling information and data from available sources, the project team analyzed the information  
to determine whether SPRU facility areas were impacted or non-impacted, the level and type of 
contamination, the potential for contamination releases to the environment, and additional 
characterization needs. 

Current radiological conditions in SPRU facility areas are derived from the most recent radiological 
survey data available. However, past radiological surveys targeted specific areas and no single survey 
covered all the SPRU facility areas. The primary radiological surveys used to show current conditions are 
as follows: 

• 1989 (most of G2, H2, Tank Farm Vaults and Tanks, and some Tunnel areas) 
• 1998 (Tank Farm Vault inspection) 
• 2004 (accessible areas).  

Historical site assessment drawings showing current radiological conditions are provided in Sections 7, 8, 
9, and 10. Tables in Sections 7, 8, 9, and 10 include data from other historical survey events as 
appropriate. 

SPRU radionuclide distribution was calculated for the 1989 survey report, Preliminary Evaluation of the 
Status of the Separations Process Research Unit (R-001949), dated 1992. The estimated total residual 
SPRU radioactivity as presented on Figure 5-1 is 87 Curies (R-001949, Appendix C). It should be noted 
that there are inconsistencies and uncertainties identified in the Preliminary Evaluation of the Status of 
the Separations Process Research Unit report regarding the total amount and distribution of radioactivity 
in SPRU facilities. 

For the Tank Farm tanks and vaults, “due to uncertainty in the calibration and actual locations of the 
detectors used for the radiation measurements, and in the density of the residue in the tanks, the 
uncertainty in the curie content (83.4) is estimated to be a factor of 2” (R-001949, p. C-3). 

The Curie content of the rest of G2 and H2 Building complex is approximately 3.7 Curies. The values 
provided for the remainder of the G2 and H2 Building complex are very approximate values based on 
limited general area radiation level surveys which are not intended for Curie content estimates (R-001949, 
p. C-3). 

The Preliminary Evaluation of the Status of the Separations Process Research Unit report further 
analyzes radiation amount and distribution as follows: 

• “The quantities of radioactivity remaining are estimated to be in the range of 10 curies of 
plutonium and 80 curies of long-lived mixed fission products, principally strontium-90 and 
cesium-137; these estimates could vary by a factor of two (2)” (R-001949, p. 6). 

• “The estimated total residual SPRU radioactivity is about 10 curies of plutonium and 77 curies of 
long-lived mixed fission products, principally strontium-90 and cesium-137; these estimates 
could vary by a factor of 2” (R-001949, p. 110).
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Figure 5-1. SPRU Radiological Contamination Distribution (1992)
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The DOE-STD-1098-99, Radiological Control (Change Notice No. 1, June 2004), provides criteria for 
defining radiation areas, contamination areas, and posting radiological controls. The project teams used 
this Standard as guidance for evaluating SPRU survey data and designating radiation and contamination 
areas on drawings showing current radiological conditions. Table 5-1 defines radiation areas and 
contamination areas according to the Standard. 

Table 5-1. DOE-STD-1098-99 Criteria for Radiation and Contamination Areas 

Area Criteria Required Posting Posting and Protection 
Radiation 

Area 
Radiation levels could result in an 
individual receiving > 0.005 Rem in 
1 hour at 30 cm 

"CAUTION, RADIATION AREA" 
[see 835.603(a)] 

"RWP1 AND PERSONNEL 
DOSIMETER REQUIRED FOR 

ENTRY" 
High 

Radiation 
Area 

Radiation levels could result in an 
individual receiving > 0.1 Rem in 
1 hour at 30 cm 

"CAUTION" or "DANGER," "HIGH 
RADIATION AREA" 

[see 835.603(b)] 

"PERSONNEL DOSIMETER, 
SUPPLEMENTAL DOSIMETER, 

AND RWP REQUIRED FOR 
ENTRY"* 

Very High 
Radiation 

Area 

Radiation levels could result in an 
individual receiving > 500 rad in 
1 hour at 100 cm 

"GRAVE DANGER, VERY HIGH 
RADIATION AREA" 

[see 835.603(c)] 

"SPECIAL CONTROLS 
REQUIRED FOR ENTRY"* 

Contamination 
Area 

Removable contamination levels 
(dpm/100 cm2) > Table 2-2 values1 
but less than or equal to 100 x 
Table 2-2 values 

"CAUTION, CONTAMINATION 
AREA" 

[see 835.603(e)] 

"RWP AND PROTECTIVE 
CLOTHING REQUIRED FOR 

ENTRY" 

High 
Contamination 

Area 

Removable contamination levels 
(dpm/100 cm2) > 100 x Table 2-2 
values2 

"CAUTION" or "DANGER," "HIGH 
CONTAMINATION AREA" 

[see 835.603(f)] 

"RWP AND PROTECTIVE 
CLOTHING REQUIRED FOR 

ENTRY" 
Airborne 

Radioactivity 
Area 

Airborne concentrations (µCi/ml) 
above background: 1) are > the 
applicable DAC3 values2; or 2) 
could result in an individual 
(without respirator) receiving an 
intake > 12 DAC-hrs in a week 

"CAUTION” or “DANGER,” 
AIRBORNE RADIOACTIVITY 

AREA" 
[see 835.603(d)] 

"RWP AND PROTECTIVE 
CLOTHING REQUIRED FOR 

ENTRY" 

 
* Source: DOE-STD-1098-99, Radiological Control, June 2004. Table 2-2 refers to the Table 2-2 Summary of Surface 

Contamination Values [see 835 Appendix D] in DOE-STD-1098-99.  
 Notes: 1 RWP – radiological work permit 
 2 Levels exceed or are likely to exceed the listed values 
 3 DAC – derived air concentration 
 

5.5 Chemical Analysis 
Asbestos, polychlorinated biphenyls (PCBs), and other chemical surveys have not been performed  
in the SPRU facility areas. However, hazardous properties were common with the building materials, 
equipment, and other materials commonly used in the late 1940s and early 1950s. SPRU documentation 
does not include site characterization for these hazardous properties. The Nuclear Facility Historical Site 
Assessment for the SPRU Disposition Project recognizes the potential for chemical hazards but cannot 
identify current chemical conditions. If sample collection reveals concentrations of asbestos-containing 
building materials, PCBs, or heavy metals (e.g., lead, mercury, and copper) in excess of applicable 
regulatory thresholds, mitigation measures during decommissioning activities will be required.  

The following is a partial list of potential asbestos-containing building materials, PCBs, and heavy metals 
associated with materials and equipment discussed in records reviewed and/or observed onsite: 
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• Asbestos-containing building materials are found in an estimated 3,000 product types 
manufactured primarily between 1940 and the present in the United States (www.epa.gov). 
Equipment and materials in SPRU associated with asbestos-containing building materials include 
fireproofing, ventilation materials, piping and other insulation, arc shields, steam flange gaskets, 
transite paneling, floor tile, exterior asbestos corrugated material, and mastic.  

• PCBs are found in equipment, oil, and paint products manufactured primarily between 1929 and 
1977 in the United States. More than 1.5 billion pounds were manufactured prior to cessation of 
production in 1977 (www.epa.gov). Remaining materials and equipment associated with SPRU 
research activities during this period include light ballasts, remnant oil products (e.g., ventilation 
system for dust control, spindle oil, electrical equipment), and painted surfaces.  

• Heavy metals (e.g., mercury and lead) are found on painted surfaces and various equipment 
onsite. Electrical equipment remaining onsite include switches and relays and wiring. Other 
equipment onsite includes piping, meters, fluorescent lamps, and batteries. Lead shielding is 
abundant in the SPRU facilities.  

• Unidentified sealants and plastic wall materials that may require special handling for removal 
(e.g., asbestos-containing materials, volatile organic compounds, etc.) were also used. For 
example, one reference described a sprayed, strippable film, which was applied to the internal 
surfaces to prevent adhesion of radioactive contamination to the building structure. The chemical 
constituents of this material were not revealed in documents reviewed (R-001949, p. 67). 
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6 SPRU FACILITY HISTORY 
In May 1946, GE entered into a prime contract with the Atomic Energy Commission Production Division 
to operate the Hanford Engineering Works in Richland, Washington, and to build and operate a laboratory 
that would become KAPL. The Hanford program involved operating natural uranium-fueled reactors to 
produce plutonium, with KAPL providing Hanford technical and scientific support in designing and 
developing nuclear power reactors. In early 1947, the Atomic Energy Commission launched an urgent 
program to provide production facilities to recover plutonium and uranium from irradiated fuel. The 
Hanford fuel recovery plan was based on a solvent extraction process known as REDOX (reduction-
oxidation) (R-000427). GE Hanford was requested to provide a full-scale REDOX plant at the Hanford site 
in Richland, Washington by late 1949, and in December 1947, requested a REDOX pilot plant to research 
the process.  

SPRU Buildings G2 and H2, the connecting tunnels, and adjacent Tank Farm were constructed between 
1947 and 1949 to perform pilot-scale tests on chemical separation processes (R-000255). Radioactive 
REDOX processing commenced in June 1950. In October 1950, the Atomic Energy Commission 
requested that SPRU be used to support DuPont in developing a fuel recovery plant at the Savannah River 
Plant in South Carolina, and by December, SPRU terminated REDOX testing and started modifications to 
support PUREX research. PUREX work at SPRU was terminated in June 1953. The SPRU plant 
decommissioning began in October 1953 (R-000427). Table 6-1 provides a chronological overview of 
events associated with SPRU. 

Table 6-1. SPRU Timeline 

Date Noteworthy Event 
May 1946  Atomic Energy Commission awarded General Electric the prime contract.  
August 1947  Construction commenced.  
December 1947  REDOX pilot plant construction requested by General Electric Hanford. 
February 1948  Blaw-Knox (subcontractor) hired to design pilot plant. 
June 1948  Pilot plant was named Separations Process Research Unit (SPRU). 
July 1949 Pre-operational testing began. 
February 1950  Non-radioactive REDOX runs initiated. 
June 1950 Radioactive REDOX runs initiated. 
October 1950 Atomic Energy Commission SPRU pilot plant supports DuPont in developing the PUREX 

process.  
December 1950 REDOX testing terminated and PUREX modifications began. Between June and 

December 1950, 54 REDOX separation process runs were performed. 
February 1951 First PUREX run initiated. 
June 1953 PUREX work terminated.  
October 1953 SPRU decommissioning activities began to close and secure the SPRU research 

facilities to provide adequate protection from radiation exposure and to isolate 
radioactive contamination from the human environment. Decontamination, deactivation, 
and decommissioning activities included: 

• Flushing out all tanks with nitric acid and water 
• Steam, gas, and electrical services shut down 
• Fuses removed from electrical disconnect switches 
• Inlet air dampers to the cell areas were closed 
• HEPA-filtered exhaust ventilation left operational to maintain facility at negative 

pressure to control airflow into these areas and to monitor discharges. 
(R-001949, p. 5) 
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Date Noteworthy Event 
1954 - 1960s Several G2 areas were decontaminated and converted to office, laboratory, and library 

space.  
H2 waste treatment continued.  
Building H2 waste incinerator was shut down.  
SPRU ventilation stack was moved to the Radioactive Materials Laboratory. 
Remaining SPRU waste was removed from Tank Vaults and processed (1965). 
Significant decontamination and modifications were performed in Building H2 (1966). 
Use of Building H2 evaporators was discontinued. 

1970s Waste baler moved from L7 to Building H2. 
Facilities Deactivation Program initiated (1977). 
Reuse water system operational (1977). 
Use of Tank Vaults for Radioactive Materials Laboratory waste and water collected from 
Building G2/H2 Pipe Tunnel sump discontinued (1978).  
Building F5 (Slurry Drum Storage) removed (1978). 
Routine entry into several SPRU areas discontinued. 

1980s G3 Pump House and Scrubber Stack removed (1986). 
Comprehensive SPRU physical inspection and radiological surveys conducted, including 
Subsurface Penetrating Underground Detector (SPUD) surveys (1989). 
New Hillside Water System put on line (1989). 

1990s Current SPRU Maintenance and Surveillance Program initiated (1990).  
Memo of understanding between DOE and Naval Reactors signed, establishing roles 
and responsibilities for decommissioning SPRU (September 1992). 

1998 SPRU Tank Vaults inspected. 

Reference: Separations Process Research Unit (SPRU) History and Current Status, April 1998 (R-000255). 

 

REDOX and PUREX processes performed in G2 generated waste that moved through the G2-H2 Pipe 
Tunnel and was treated in H2. Interconnectivity also included: 

• Building H2 nitrogen was supplied from G2, and G2 cooling water came from H2 (C-000461). 
• Uranium solution was concentrated and drummed in H2 and returned to G2 for reuse (C-000461). 
• The carbon dioxide fire fighting system storage tanks and controls were located in G2.  
• A separate header connected to a storage tank in H2, but the main control valve and panel was 

located in G2 (C-000476). 
• The H2 compressed air header originated at the main header in G2, and valve and filter controls 

were located in G2 (C-000476). 
• Alarm and intercom systems of both buildings were interconnected. Any alarm in H2 

simultaneously set off in G2 (C-000476). 
• The buildings were established as a material balance area for accountability (C-000476). 
• G2 personnel supported H2 activities and vice versa (C-000475). 

An isometric drawing of the 1949 G2 and H2 configuration is provided in Figure 6-1.



April 2006 
 
Nuclear Facility Historical Site Assessment for the SPRU Disposition Project 
 

 
6-3 

 
Figure 6-1. G2-H2 Isometric Drawing, 1949 Configuration 

(Source – R-001949) 
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6.1 Building G2 History 
The SPRU pilot plant was used for research in Building G2 between 1950 and 1953 to test chemical 
processes for separating plutonium and uranium from radioactive material encased in aluminum, called 
slugs. REDOX chemical test runs were performed until the end of 1950, and PUREX test runs until mid-
1953 when the technique was successfully exported for use at Hanford and the Savannah River Site 
(R-000255). Separated plutonium was transferred to the Los Alamos National Laboratory (C-000469). 

REDOX and PUREX Process Summary  

The following narrative and figures describe the processes that occurred during SPRU operations. More 
detailed information on the REDOX and PUREX chemical processes and G2 equipment used for the 
processes is available in the October 1992, Preliminary Evaluation of the Status of the Separation 
Process Research Unit (SPRU) report (R-001949) and in the following Appendix B drawings.  

Drawing No. 2828-92-2, Flow Diagram, March 29, 1948 
Drawing No. 2828-92-3, Flow Diagram, June 29, 1948 
Drawing No. 2828-92-4, Flow Diagram, May 8, 1948 
Drawing No. 2828-92-5, Flow Diagram, March 17, 1948 
Drawing No. 2828-92-6, Flow Diagram, May 17, 1948 
Drawing No. 2828-92-7, Flow Diagram, June 29, 1948 
Drawing No. 2828-92-8, Flow Diagram, May 8, 1948. 

 

SPRU REDOX runs started in 1950, and the program was completed at the end of the year. The DuPont 
Company believed that mixer-settlers would be adopted for the PUREX process planned for the Savannah 
River Plant it was building, so during 1951, associated studies were conducted at the SPRU pilot plant. A 
series of demonstration runs were performed during the first half of 1952, and alternate PUREX processes 
were studied and further head-process refinements were developed in the second half of 1952 and the first 
half of 1953 (R-000472). 

Separations were accomplished in equipment located in concrete-shielded G2 cells. Many variations were 
tested, but the general process is diagrammed in Figure 6-2 and summarized as follows: 

(1) Dissolution of slugs (Cell No. 2) 

• Slugs were dropped into the dissolver. 
• The aluminum slug jacket was dissolved, and the dissolved aluminum transferred to 

waste storage areas. 
• Irradiated uranium metal was dissolved for subsequent processing. 

(2) Head-end separation (Cell No. 1) 

• Prior to solvent extraction, the slug solution was processed, including precipitation 
and centrifugation to remove specific fission products. 

(3) Feed preparation (Cell No. 1) 

• The slug solution (hot feed) was chemically adjusted to meet solvent extraction 
process requirements (1AF stream – aqueous feed). 

• Reagent streams (cold feed) were chemically adjusted at the Weigh Tank level to 
meet solvent extraction process requirements (1AX stream – organic extraction 
reagent; 1AS stream – aqueous scrubbing reagent). 
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(4) Chemically adjusted hot feed (1AF) and cold feed (1AX and 1AS) streams were processed 
through the solvent extraction units. The extraction process consisted of three cycles: 

• First extraction cycle: Uranium and plutonium were separated from the radioactive 
fission products and each other: 

o In Cell No. 3 (the 1A bank), the 1AF aqueous feed, the 1AX organic extraction 
reagent, and 1AS aqueous scrubbing reagent streams were continuously 
contacted, resulting in the 1AP organic product stream containing uranium and 
plutonium and the 1AW aqueous waste stream containing fission products.  

o In Cell No. 4 (the 1B bank), the 1AP organic product stream was contacted with 
the 1BS organic reagent and 1BX aqueous reagent streams in a continuous 
manner, resulting in the 1BP aqueous product stream containing the plutonium 
and the 1BU organic product stream containing the uranium. 

o In Cell No. 5A (the 1C bank), the 1BU organic product stream was contacted 
with the 1CX aqueous reagent stream, resulting in the 1CW organic waste stream 
containing low-level fission products and the 1CU scrubbed aqueous product 
stream containing uranium. 

• The second plutonium extraction cycle involved additional removal of residual 
fission products from the recovered plutonium using either the solvent extraction 
method (described here) or the ion-exchange method. 

o In the 1BP concentrating system, the 1BP aqueous product stream from the 1B 
bank was chemically adjusted, resulting in the 2AF feed stream. 

o In the 2A bank (Cell No. 5D), the 2AF feed stream was contacted with the 2AS 
aqueous reagent and 2AX organic reagent streams in a continuous manner, 
resulting in the 2AW aqueous waste stream containing low-level fission products 
and the 2AP organic stream containing the plutonium. 

o In the 2B bank (Cell No. 5C), the 2AP organic stream was contacted with the 
2BX aqueous reagent stream, resulting in the 2BW organic waste stream 
containing low-level fission products and the 2BP aqueous product stream 
containing the plutonium. 

• The second uranium extraction cycle involved additional removal of residual fission 
products of recovered uranium using the solvent extraction method. 

o In the 1CU concentrating system, the 1CU scrubbed aqueous product stream 
from the 1C bank was chemically adjusted, resulting in the 1DF feed stream. 

o In the 1D bank (Cell No. 5B), the 1DF feed stream was contacted with the 1DX 
organic reagent and 1DS aqueous reagent streams in a continuous manner, 
resulting in the 1DU organic stream containing uranium and the 1DW aqueous 
waste stream containing low-level fission products. 

o In the 1E bank (Cell No. 5C), the 1DU organic stream was contacted with the 
1EX aqueous reagent stream, resulting in the 1EW organic waste stream 
containing low-level fission products and the 1EU scrubbed aqueous product 
stream containing the uranium. 

Organic waste streams from the PUREX process were washed for reuse in the solvent extraction process. 
The aqueous waste solutions were transferred to Building H2 for concentration and storage. 
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The processes performed in G2 involved both radioactive and chemical constituents. Tables 6-2 and 6-3 
summarize the hazardous and radioactive materials that were, or are, present in Buildings G2 and H2, the 
tunnels, and the Tank Farm. 

 

Figure 6-2. G2 Separations Process Summary 
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Table 6-2. SPRU Radioactive Constituents based on Historical Radiological Surveys 
 

Radionuclide (half-life) 
Am-241 (430 yrs) Pr (isotope unknown) Th-231 (26 hours) 
Ba-137m (2.6 minutes) Pu-238 (88 yrs) Th-234 (24 days) 
Cs-134 (2.1 yrs) Pu-239 (24,000 yrs) U-234 (240,000 yrs) 
Cs-137 (30 yrs) Pu-240 (6,500 yrs) U-235 (700 million yrs) 
Eu-154 (8.8 yrs) Pu-241 (14 yrs) U-238 (4.5 billion yrs) 
Eu-155 (5 yrs) Ra-226 (1,600 yrs) Y-90 (64 hours) 
H-3 (12 yrs) Sr-90 (29 yrs)  
Pa-234m (1.2 minutes) Thorium (isotope 

unknown) 
 

 
Section 5.5, Chemical Analysis, provides general information about the chemicals that may be present in 
the SPRU facilities. Table 6-3 summarizes the hazardous materials associated with SPRU or subsequent 
processes.  

Table 6-3. SPRU-Related Hazardous Constituents and Products 

Chemical/Compound/Product Description and Reference 
Acetone Control valve cleaning following degreasing using CCl4 and acetone (R-000009, p. 1). 
Acidified methyl isobutyl ketone  Unknown (R-001949). 
Aluminum (Al) Detected in 1965, Tank Farm Vault. See aluminum nitrate and aluminum oxide below (R-000026, p. 1, 

R-000048, p. 34). 
Aluminum nitrate Al (NO3) 3 Used in uranium transfer. REDOX only (R-000026, p. 1). 
Aluminum oxide, Alumina (Al2O3) Nitric acid solution, ultrasene, and a slurry of Al2O3 in water and in acid were used as decontaminating 

agents for small pieces of equipment such as the caps of sample bases and the interface liquid level 
floats from the 1C bank (located in Cell No. 5A) (R-000048, p. 34). 

Ammonium bifluoride (NH4HF2) Tank decontamination Cell No. 1 (R-000046, pp. 63, 65). 
Amsco (Product) Purchased from the American Spirits Company, possibly used as a diluting agent and as a calibrating 

fluid or solvent (C-000493, p. 2). 
Bismuth (Bi(III)) Laboratory studies. Retention of iodine in process solutions by mercuric salts was studied as a way to 

hold iodine in solution during various steps of the bismuth phosphate process according to a document 
dated 1953. It was not clear from the reference whether this activity was associated with SPRU processes 
in Buildings G2 or H2 (R-000025, p. 1). 

Cadmium (Cd) Elevated concentration noted during 1998 Tank Farm Vault inspection. Vault #509C had the greatest 
concentration. Vaults 509D and 505 did not have detectable concentrations (R-000025). 

Calcium (Ca) Detected in 1965, Tank Farm Vault. See calcium hypochlorite below (R-000034, p. 82). 
Calcium hypochlorite (Ca(ClO))2 Perchloron. Prevents algae growth in cooling tower. Also used in internal tank decontamination 

(R-000034, p. 82). 
Carbon tetrachloride (CCl4) Control valve degreasing (R-000009, p. 1). 
Cerium (Ce) Rare earth found in 1BP (located in Cell No. 4) (R-000048, p. 29).  
Copper (Cu) Detected in 1965, Tank Farm Vault. Laboratory studies involving complexing agents tried included copper 

(Cu(II)). It was not clear from the reference whether this activity was associated with SPRU processes in 
Buildings G2 or H2. Also, possible result of copper piping deterioration (R-000025). 

Floor sealant (Product) Unknown constituents. The sealant was described generally as a combustible material.  
Hexone  Used in SPRU. Open air burning in 1958 proposed. Hexone distilled (relatively free of radioactivity), then 

proposed to ship to Hanford (C-001957). REDOX process Cell No. 5 - flammable solvent (R-001949, p. 9; 
R-002087, p. 21). 

Hydrocarbons  Back-up generators, pumps/motors, tar, grease.  
Hydrofloric acid (HF) Reacts with solvents and metals. Decontamination of tanks in Cell No. 1 (R-000046, p. 65). 
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Chemical/Compound/Product Description and Reference 
Iodine (I) Cake wash, radio-iodine analysis. The iodine balance in the PUREX head-end was described as a 

method for radio-iodine analysis based on extraction and carrier precipitation and was used for dissolver 
and hot feed solutions (R-000026, p. 1). 

Iron (Fe) Detected in 1965, Tank Farm Vault. Associated with the second Pu cycle. Iron powder was used in 
SPRU. Hanford report Hw-22086 reported that sponge iron is satisfactory for use in REDOX plant for 
making ferrous sulfamate (R-000039, C-000493). 

Kerosene (Product) Amsco (a diluent) and ultrasene kerosene (R-000001, p. 7). 
Lead (Pb) Flooring, plating, paint (lead-based). Lead shields were placed around the flange connections at the top of 

the simmer tank and the centrifuge agitator shaft to reduce the radiation level. Also, final degradation of 
radioactive materials. Laboratory studies (R-000046, p. 58). 

Magnesium (Mg) Detected in 1965, Tank Farm Vault. See discussion of magnesium oxide below (R-000001, p. 3). 
Magnesium oxide (MgO) Cake. Magnesium oxide (MnO2) was used during centrifuging (R-000001, p. 3). 
Manganese (Mn) Elevated concentration noted during 1998 Tank Farm Vault Inspection and detected in 1965. Vault 509D 

had the greatest concentration. See discussion manganese dioxide, manganese nitrate, sodium 
permanganate and potassium permanganate below (R-000026, p. 3). 

Manganese dioxide (MnO2) Cake in the centrifuge (R-000026, p. 3). 
Manganese nitrate (Mn(NO3)2) Added with permanganate as a part of the head-end treatment in Runs 1-7, July 1952, KAPL 785. 

Discussed as general use in process (R-000026, p. 3). 
Manganese (II) (Mn(II)) Formed by the radiation-induced decomposition of the MnO2 cake in the centrifuge (R-000041). 
Mercury (Hg, Hg (II)) Elevated concentration noted during 1998 Tank Farm Vault inspection. Vaults 509B and 509C had the 

greatest concentrations. Air sparging/iodine laboratory studies. It was not clear from the air sparging 
reference whether or not this activity was associated with SPRU processes in Buildings G2 or H2. 
Equipment may also contain as follows: meters, fluorescent lamps, batteries, switches & relays, vacuum 
gauges/tubes, thermostats, mercoid switches, thermowells, thermocouples, thermometers (R-000025, 
p. 1; C-000031, p. 3). 

Niobium (Nb) Detected in 1965, Tank Farm Vault. Nb-Zr decontamination. Used in centrifugation (Cell No. 1). Following 
the completion of the PUREX runs, the pilot plant was reportedly used from at least December 1953 
through March 1954 to prepare source material for another project, which was concerned with the 
isolation of radioactive Nb-Zr (R-000014, p. 2; R-000001, p. 3). 

Nitric Acid (HNO3) Used for decontamination of Cell No. 1 (R-002087, p. 26). 
Nitrogen gas Nitrogen was blown through service lines to displace water in the vessel hosting jackets prior to the entry 

of steam in order to prevent steam hammering. Nitrogen is not likely to remain in G2 (C-000503, 
R-001949). 

Oil (Product) Spindle oil, pump oil, motor oil, oil to suppress dust. May contain PCBs or other constituents (R-001949, 
p. 49; R-002087, p. 21). 

Oxalic acid (COOH)2 Tank decontamination Cell No. 1 (R-000046, pp. 63, 65). 
Permanganate (MnO4) Water treatment, head-end step. Added with manganese nitrate as a part of the head-end treatment in 

Runs 1-7, July 1952, KAPL 785. Sodium permanganate was substituted for potassium permanganate to 
take advantage of greater solubility and ease of solution (R-000049). 

Peroxide  Peroxide preparation, second Pu cycle, to concentrate Pu solution. The elute is precipitated with peroxide. 
Sulfamic acid introduced as a part of a flush process. Additional steps described included mention of 
chemicals as follows: a sulfate wash of the resin and elution with nitric acid plus sulfamic acid produced 
an elute, which was precipitated with peroxide prior to shipment to Los Alamos (June 1952) in the second 
Pu cycle, which resulted in concentration of the plutonium solution (R-000038, p. 1). 

Potassium permanganate 
(KMnO4) 

Sodium permanganate was substituted for potassium permanganate to take advantage of greater 
solubility and ease of solution (R-000049). 

Ruthenium (Ru) Scrubber contaminant. Approximately 3 percent of the ruthenium (Ru) was found in the scrubber. What 
was described as a “major portion of ruthenium” was evolved in the simmer tank and plated out on the 
walls of the tank (R-000026, pp. 3, 4; R-000046, p. 58). 

Shop Coolant D-3 (Product) Unidentified coolant. Possibly ethylene glycol or similar. 
Silica Entrained silica particles heavily laden with Zr and Nb accounted for most of excess activity in runs 18 

and 19 resulting in low gamma decontamination factor of the uranium streams. Postulated that the silica 
particles resulted from dissolution of slug jacket loading material (R-000049). 

Silicon (Si) Detected in 1965, Tank Farm Vault (R-000049). 
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Chemical/Compound/Product Description and Reference 
Silver (Ag, Ag (II)) Elevated concentration noted during 1998 Tank Farm Vault Inspection. Vaults 509B and 509C had the 

greatest concentration. It was not clear from the reference whether this activity was associated with SPRU 
processes in Buildings G2 or H2. Complexing agents tried included silver Ag (I) (R-000025, p. 1). 

Sodium (Na) Detected in 1965, Tank Farm Vault. See discussion of sodium carbonate, sodium hydroxide, and other 
sodium compounds below (R-000026, p. 1). 

Sodium carbonate (Na2CO3) Washing agent (decontamination solvent) (R-000026, p. 1). 
Sodium chloride Unknown (R-001949). 
Sodium citrate (C6H5Na3O7) Decontamination of Cell No. 1. Cake Dissolving: Originally the procedure was discussed whereby the 

solid material was to be sent directly to storage in mild steel tanks without further concentration and with 
little or no neutralization. Sodium citrate and nitric acid (solvents) were considered and several tests were 
made (R-000046, pp. 50, 63, 65). 

Sodium dichromate Corrosion prevention in cooling towers south of G2 and adjacent to H2. Sodium dichromate was added to 
the basin to reduce the amount of corrosion in pipes (R-000034, p. 82). 

Sodium hydroxide (NaOH) Used to adjust the pH evaporation. Washing agent (decontamination solvent). Discharge to Mohawk 
River. Reacts with w/solvents and acids. NaOH spray is a part of the G2 cleaning process. 
Decontamination of Cell No. 1 (R-001949). 

Sodium nitrate (NaNO2) Sodium nitrate (NaNO2) was used in the second uranium run (November 1952-January 1953) to treat the 
feed mixture. Sodium nitrate was also added to manganese dioxide (MnO2) particles as they passed 
through the centrifuge to the feed during the plutonium valence adjustment, resulting in a deterioration of 
the Nb-Zr decontamination. By product of nitric acid + solvent + metal. Part of flush in second Pu cycle 
run with Na2SO4 and Fe (NO3) (R-000047, p. 2; R-000047, p. 3). 

Sodium permanganate 
(NaMnO4) 

Sodium permanganate was substituted for potassium permanganate to take advantage of greater 
solubility and ease of solution (R-000049; R-000001, p. 4). 

Sodium sulfate (Na2SO4) Cold 2AF mixture with Fe (NO3) and NaNO2 second Pu cycle. 
Sulfamic acid (NH2SO3H) Part of flush process. Ion exchange for second plutonium sequence additive (R-000001, p. 13). 

Tributyl phosphate (TBP) At least some needed to be butanol free, of the purest grade to avoid possible formation of nitration 
products (C-000493). 

Trisodium phosphate (Na3PO4) Decontamination of cells (R-000046, p. 67). 
Ultrasene Type of kerosene that replaced Amsco (a diluent) because of flash point. Closed-cup flash point of 

ultrasene is 160 degrees F, approximately 15 degrees higher than Amsco (R-000049). 
Versene Ethylene diamine tetracetic acid. Chelating agent used to control metal ions over a broad pH range in 

aqueous systems. 
Zinc (Zn (II)) Elevated concentration noted during 1998 Tank Farm Vault inspection. Vault #509C had the greatest 

concentration. Laboratory studies involving retention of iodine in process solutions by mercuric salts. It 
was not clear from the reference whether this activity was associated with SPRU processes in Buildings 
G2 or H2. Complexing agents tried included Zn (II) (R-000025, p. 1). 

Zirconium (Zr) Detected in 1965, Tank Farm Vault. Head-end step during SPRU (R-000001, p. 3). 
 
Decontamination activities performed after SPRU test runs were completed are summarized in Table 6-4, 
Building G2 Decommissioning Activities Summary.  

Periodic inspections of G2 were conducted after SPRU decommissioning (R-000025). Between May 
1989 and October 1989, three inspections were conducted on the Lower and Upper Sample Aisles, Cell 
No. 5 complex, Cell Access Aisle, Pump Room, and Cells No. 1, 2, 3, and 4 (R-001949, p. 82). Between 
May 10, 1989 and June 15, 1989, the Upper and Lower Sample Aisles; Cell 1, 2, 3, 4, and 5; and the Cell 
Access Aisle, Motor Generator Room, and Pump Room were entered. The Crossover Tunnel, G1 West 
Tunnel, G2 Process Tunnel, G2 Hot Tunnel, and the G2-H2 Tunnel also were inspected (R-001949, 
p. 88). The October 1992 document, Preliminary Evaluation of the Status of the Separation Process 
Research Unit (SPRU), reports results of the inspections (R-001949). 
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Table 6-4. Building G2 Decommissioning Activities Summary  

Date G2 Decommissioning Activity 

1953 Process cell inlet dampers were closed (R-001949, p. 3), however HEPA filtered exhaust system was left operational and 
running to maintain the facilities at negative pressure (R-000255).  
Removed fuses from electrical disconnect switches. 
Shut down electrical, steam, and gas services. Blanked-off cell open process lines.  
Flushed processing tanks and pipelines with nitric acid and water, except those normally containing organic solvents. 
Cells No. 3 and 4 tanks were flushed sufficiently to permit entry, but Cell No. 3, 527 (IAW) tank remained highly contaminated. 
Cell No. 5 tanks did not emit significant dose rates, but had internal contamination (reported after 1953 R-002036, p. 17) 
(R-000059, p. 7). 
Cells No. 3 and 4 cleanups included replaced cell covers, flushed and emptied equipment, and locked door completed. 
Cell No. 5 “greenhouse,” disassembled and discarded as waste. This eliminated the worst G2 plutonium contamination source 
and Cell No. 5 decontamination completed. The greenhouse was an enclosure around concentrator units in Cell No. 5. 
(C-000486).  
Crane Gallery surplus equipment removal and decontamination completed.  
Filter aisle(s) general cleanup completed.  
Lower Sample Aisle decontamination completed.  
Aboveground storage tanks on the east side of G2 contained treated water, caustic material (50 percent sodium hydroxide 
[NaOH]), and acid material (60 percent nitric acid [HNO3]) (R-001935, p. 5). The tanks were removed and reused at West 
Milton. 

1954 Blanked-off vents, cut piping, and disconnected electrical service in banks 1A and 1B; mixer-settler banks (with exception of 
1A in Cell No. 3 and 1B in Cell No. 4) remained in G2 as of February 1954.  
DC circuits formerly used to operate mixer-settler banks disconnected. 
Ventilation system installed to maintain a negative pressure between cells and other areas of Building G2.  
Cells No. 3 and 4 mixer/settlers removed. 
Fuses removed from process equipment circuits except for sump pumps; other electrical equipment remained as per original 
drawings. 
Cell No. 4 1B bank removed (however, the summary document reviewed did not contain 1B bank disposal or decontamination 
information (R-001935, p. 8).  
Cells No. 1, 2, 3, 4, and 5 air supply shut off by closing Crane Gallery dampers. 
Vents leading to bank 1C were also blanked-off.  

1959 Equipment moved in office space areas behind a barrier wall near cell areas. 
Mid-sixties Curies quantities of plutonium and mixed fission products disposed, leaving residual contamination on floor, walls, 

overhanging pipes, process tanks and in-process pipes and tanks (R-000155, p. 1).  
Process lines isolated. 
Contaminated solid waste packaged and shipped for off-site disposal (R-001949, pp. 5, 6). 
Gross contamination from floor and equipment surfaces, loose equipment and debris, and liquid and sludge process tanks 
removed. 
Loose contamination was removed from floor and equipment surfaces. 
Movable equipment and loose debris were removed. 
Liquids and sludge were removed from process tanks. 
G2 ventilation stack was removed and relocated to another site at KAPL (R-000255).  

1970s 
1980s 

A ventilation system reverse flow occurred in either the late 1970s or early 1980s, contaminating previously decontaminated 
areas such as sample aisles (I-000418). 
In 1977, a KAPL Facilities Deactivation Program was initiated; use of the SPRU Tank Farm was discontinued and routine 
entry into the SPRU facilities was no longer allowed. 
In the mid- to late-1980s, the G3 pump house and scrubber stack were removed and the radioactive laundry line between H2 
and K4 (the radioactive laundry) was removed (R-000255). KAPL performed a comprehensive physical inspection and 
radiological survey of the SPRU buildings and a new Hillside Drain system was put online.  

1999 Autoclave test in room G2-174 dismantled (C-001950, p. 1).  
G1/G2 test functions relocated to facilities (C-001950, p. 1). 
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Waste Management  

Liquid waste generated during SPRU research activities was sent to H2 for treatment. Radioactive solid 
waste produced by SPRU research activities included combustible waste, incinerator ash, evaporator 
sludge, and contaminated equipment and miscellaneous materials. Miscellaneous radioactive material 
items such as decontamination materials (mops, rags, etc.), paper used as floor covering, protective 
clothing, air system filters, floor sweepings, and tools that could not be effectively cleaned to acceptable 
levels was collected, segregated, packaged, and stored until disposed off site (R-001949). 

During SPRU research activities, two incinerators were used at KAPL. The Cold Incinerator (Unregulated 
Incinerator) was located in the KAPL Building J-3 Lower Level. The Hot Incinerator, also referred to as 
the Pilot Incinerator, was located on the north side of Building F1, east of H2. 

The Cold Incinerator was used to dispose of uncontaminated combustible waste, consistent with the 
industrial and municipal practices of the time. The waste was primarily from offices and laboratories and 
consisted of materials such as paper scrap, cardboard, and plastic. Although waste segregation programs 
ensured that waste burned in the Cold Incinerator came from areas that were not producing contaminated 
waste, low-level radioactive waste was inadvertently burned in a few instances. Even when properly 
segregated wastes were burned, naturally occurring radionuclide concentrated in the ash. As a result, Cold 
Incinerator ash usually contained detectable radioactivity. Although ash radioactivity was very low, the 
ash was disposed as radioactive waste (R-001949). 

Hot Incinerator development began in March 1949, with burning tests of non-radioactive waste beginning 
in February 1950. Incineration began in February 1951, following tests and modifications. The incinerator 
operated in a partial vacuum to ensure that exhausted radioactive materials passed through the scrubber 
and filter. The Hot Incinerator was placed in standby status, dismantled, and removed by August 1952. 
During the months the Hot Incinerator was operated, approximately 20,000 pounds of low-level 
radioactive combustible waste were burned. Incinerated solid waste was shipped to the Lake Ontario 
Ordnance Works until 1954, stored until 1958, and then shipped to Oak Ridge National Laboratory for 
disposal (R-001949). 

Building G2 Post-1953 

Use of SPRU facilities for REDOX and PUREX research was terminated in June 1953. Shortly 
afterwards, the Control Room, portions of the constant head tank levels, the Rotameter Room, and change 
rooms were converted to a machine shop, test areas, drafting rooms, engineering and scientific offices, 
and library space for KAPL research (R-000155, pp. 1, 2). Documentation and evidence of other G2 
activities and modifications from the mid-1950s to the early 1990s for KAPL activities included:  

• A letter dated December 11, 1953 stating, “Most of the equipment described is still in use, 
although some of it was devoted purely to REDOX work and has since been either dismantled or 
modified. At the present time, the pilot plant is being used to prepare source material for another 
project that is concerned with the isolation of radioactive zirconium-niobium. This work was 
scheduled to be suspended in the early part of March 1954” (R-000472).  

• A wastewater concentrator in the north end of Building G2 listed as KAPL SWMU-026 
(R-002170) consisted of two 50-gallon wastewater accumulation tanks (one polyethylene, the 
other stainless steel), a steam- and electric-heated stainless steel 55-gallon wastewater 
concentrator drum, two overflow collection tanks (one stainless steel, the other polyethylene), and 
several secondary containment structures. The wastewater concentrator unit operated in the mid-
1980s, to concentrate non-hazardous Corrosion Coolant Test Facilities (CCTF – a Naval Reactors 
facility) wastewater. SWMU-026 is no longer listed on the RCRA permit.  

• The Experimental Engineering Laboratory utilized G2 areas modified after 1954, including the 
truck well and storage area that became the autoclave area. In 1999, a turnover report outlined 
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KAPL activities to be moved to another KAPL facility and listed equipment that would remain, to 
be dispositioned with G2 (C-001950).  

• In 1961, either the Lower or Upper Filter Room was converted to a KAPL laundry facility 
(references do not specify which) (C-000106, pp. 1-2). 

• KAPL used the Lower Filter Area as a welding school in 1976 (R-002085, p. 4). 

6.2 Building H2 History 
Building H2 was the SPRU waste processing facility constructed to store and process radioactive liquid 
waste from the G2 process pilot plant and operated from July 1949 to October 1953. It processed waste 
generated in G2 that was sent to H2 through drain lines in the tunnels and in drums. Drums permitted 
settling of solids so that the supernatant only was decanted into the H2 waste disposal system, and 
permitted oil removal (C-000450). It also processed waste from the laundry, hot incinerator scrubber, and 
from other site laboratories conducting research. 

During this time, H2 processed large quantities of liquid waste. For example, in the first three quarters of 
fiscal year (FY) 1952, 2,705,000 gallons of radioactive liquid waste was processed (R-000505). A March 
16, 1950 letter stated, “At the present time we are receiving approximately 2,500 gallons a day of waste 
from G-1, E-1, and G-2 buildings” (C-000460). A plan to send waste from Building F to Building H using 
disposable hoses rather running a new drain line was also considered (C-000470). On January 31, 1952, a 
KAPL letter was issued stating that the additions of drain lines were no longer allowed without approval 
from the person responsible for H2 waste management. The letter expressed concern that non-radioactive 
waste was being sent to H2 and being processed at an unnecessarily high cost, and that the quantities of 
waste being sent to H2 were overloading H2’s capacity (C-000451). A KAPL instruction was issued 
stating that new waste lines into H2 must be approved, including new tie-in lines to existing drain headers 
and that non-routine (frequency of less than once per day), large (greater than 500 gallons) waste volumes 
must also be approved before waste could be sent to H2 (C-000452). Instructions were also given to 
personnel in E1, G1, and the Radioactive Materials Laboratory (C-000448), E-2 (C-000454), and G2 
(C-00449) on how to transport waste drums to H2. 

As more waste was sent to H2, internal procedures were developed to help manage the volume. In 
May 1952, a letter stated that casks (drums) brought to H2 for treatment must be tagged with the contents 
and the source (C-000454). In another memo, H2 operators expressed concern about the presence of 
tributyl phosphate in the laboratory wastes, and requested that tributyl phosphate not be poured into the 
sinks, “except for extremely small amounts where the total amount discarded will not be in excess of 
5-10 ml per laboratory per day” (R-000447).  

Building H2 was exhausted through glass wool and HEPA filters and released through a 60-foot high 
exhaust stack. 

In 1953, SPRU decommissioning began. H2 tanks and lines were flushed with nitric acid and water. 
HEPA filtered exhaust ventilation systems remained operational to maintain negative pressure in the 
facility. The H2 incinerator was shut down in 1954. 

Between July and December 1963, the following Building H2 changes were initiated: 

• A small temporary ion exchange filter system for processing waste evaporator distillate before 
release to the sewer system was installed (R-001993, p. 3).  

• The east and west evaporator systems were decontaminated and a new evaporator heat exchanger 
and slurry pump installed (R-001993, p. 3).  

• The Slurry Drum Facility was built on the north side of H2 after 1963 to manage slurry drums. 
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• Two K5 30,000-gallon retention pits were reactivated for diverting Building H2 process steam 
condensate water and evaporator distillate, providing an additional control point for Building H2 
liquid effluent (R-001993, p. 3). 

• Preparations began for installing a separate controlled drainage line from the Radioactive 
Materials Laboratory to Building H2 to isolate Radioactive Materials Laboratory wastes from the 
low-level large volume wastes generated by other KAPL activities (R-001993, p. 4). 

Radioactive liquid waste that was stored in the underground Tank Farm was disposed in 1964 and 1965. 
More than 20,000 gallons of waste was processed and disposed off-site. Waste processing methods 
included packaging evaporated liquid and solidified slurry with absorbent material in concrete-shielded 
drums and pumping and solidification of liquid directly with cement and/or absorbent material in large 
volume steel tanks. The solidified waste and containers were transported for off-site burial in reusable 
concrete-shielded or lead-shielded shipping containers (R-001949, I-000422). 

Additional Building H2 cleanup performed in 1966 included: 

• Removing loose contamination from floor and equipment surfaces 
• Isolating process lines 
• Removing movable equipment and loose debris 
• Removing liquid and sludge from process tanks 
• Relocating 332-foot level condenser cooling water supply and return pipes and concrete curbs 

surrounding the duct penetrations in the 332-foot level floor (R-002108, pp. 18-19) 
• Packaging and shipping contaminated waste for off-site disposal (I-000422). 

The 1966 cleanup also entailed removing 14 steel filter boxes, numbered 12 to 25, located in two banks 
toward the south end of the 332-foot level. In July 1966, contamination was found on top of the filter 
boxes in the area where a barrel had exploded several years previously. The average reading was 
30 milliRem per hour beta-gamma (C-000427). Removing the filter boxes involved removing or 
relocating and sealing ductwork servicing the filter boxes, relocating the vent header line condenser to the 
319-foot level, and removing vent header ductwork.  

The neutralizer cells reportedly were taken out of service in 1984 (I-000426). 

Throughout the post-SPRU period, radiological incident reports and other documentation indicate 
radioactive contamination in H2 from both SPRU and non-SPRU program use (I-000422). On 
June 13, 1986, radioactivity measuring 1,000 counts per minute was found on one strand of a mop head. 
The mop was used to dry mop the 332-foot level work area only. Preliminary isotopic analysis indicated 
gamma activity from cesium-137 and cesium-134 (C-000860, Attachment 1, Radiological History for 
H2). Similarly, floor sweepings of an area in Building H2 surveyed on December 3, 1987 showed 
3,000 counts per minute beta-gamma radioactivity. Isotopic analysis of the contaminated debris showed 
fission product activity typical of contamination found in Radioactive Materials Laboratory waste that is 
approximately 3 to 7 years old (C-000860, Attachment 1, Radiological History for H2). On 
January 13, 1988, while performing routine housekeeping on the 332-foot level of Building H2, a 
radioactive waste processor accumulated debris, including a bolt, on a dust mop from a fixed 
contamination area under the south exhaust fan. The bolt and floor debris were surveyed. The bolt 
measured 300 counts per minute fixed beta-gamma and no detectable alpha. The floor debris measured 
1,000 counts per minute beta-gamma and no detectable alpha. The primary isotope identified on the bolt 
and in the debris was cesium-137. The bolt apparently vibrated loose from the base of the fan belt guard, 
releasing formerly fixed contamination (C-000860, Attachment 1, Radiological History for H2). 

The 309-foot level North Hopper Cell was last accessed in 1989. The dose rate at that time was 
10 milliRem per hour with a limit of 2 hours restricted personnel access into the room (R-001836). 
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The 319-foot level former RW Cell was last accessed in 1979, when the dose rate was 10 milliRem 
per hour with a limit of 2 hours restricted personnel access into the room (R-001836).  

6.3 Tunnel History 
Between 1950 and 1954, SPRU facilities and KAPL laboratories in buildings E1, E2, E3, E4, D3, D4, and 
G1 managed liquid waste using drain lines that traversed the tunnels to the H2 waste management process 
equipment (R-001949). Treated process liquids were returned to E1, G1, D4, and Radioactive Material 
Laboratory laboratories through pipes in the H2, G2, and G1 Tunnels (R-000255, p. 13). 

Following SPRU decommissioning, pipes and equipment were generally drained and flushed with nitric 
acid and water for decontamination. Some pipes were cut, capped, or turned off with a valve (R-00156, 
p. G-79). However, no specific records indicate which pipes were cleaned or modified.  

In 1964, 20 pounds of mercury present for an indefinite period in the G1 Tunnel were removed from the 
floors (C-000860, Attachment 3).  

During or shortly after the SPRU research activities ended, p-traps and vents were installed in E1 and G1 
laboratory drains to collect chemicals such as heavy metals and mercury. Although not specifically 
documented, the p-traps and vents were disconnected possibly in the late 1970s (I-000421). 

The Radioactive Materials Laboratory radioactive liquid waste reuse system was activated in 1977, using 
the SPRU tunnels to transport liquid waste from the Radioactive Materials Laboratory and the D, E, and 
G buildings to H2 for treatment and processing. This is a “closed loop” system that treats wastewater in 
ion exchange resin columns in H2 and returns clean water to the laboratories.  

Sometime in the 1980s, it was reported that liquid waste from the Radioactive Materials Laboratory was 
not reaching H2; apparently the pipes were clogged enough that liquid input to the system did not reach 
H2. The system was flushed with water in an attempt to clean it out, but eventually an eighteen-inch 
section of pipe outside the G1 West Tunnel was replaced (I-000422). When this pipe was replaced, it was 
noted to be approximately 90 percent full of solids and sludge (I-000421). 

In 2001, drain lines from the D, E, and G building complex were rerouted to a waste management facility 
in building E11. Only the Radioactive Materials Laboratory continues to use the H2 radioactive liquid 
waste reuse system.  

The E1 laboratory liquid waste originally went through the E1 tunnels, the G1 tunnel, and the G2 Hot 
Tunnel to H2. Most original tunnel piping and equipment remains in the E1 tunnels. G1 laboratory liquid 
waste went from the G1 tunnels to the G2 Hot Tunnel to H2. 

In order to lower the dose rates in the work area above the tunnel ceiling, lead shielding was added in the 
1990s to the two interceptors in the eastern portion of the E1 Tunnel below Room E135 (C-000298, p. 1; 
C-000637). The interceptors are 30-gallon drums with a sump pump.  

After SPRU operations ended in 1953, at least two contamination events occurred in the E1 and G1 East 
tunnels. Water infiltrated the E1 and G1 Tunnels in the late 1980s and early 1990s. The E1 interceptors 
overflowed due to pump failure, filling the sump with water and sludge and highly contaminating the E1 
tunnel and sumps. Secondly, until 2001, the E1 and G1 laboratories continued using the tunnel system to 
H2. In the late 1990s, the E1 Tunnel piping was flushed (I-000422). In 2001, the D, E, and G building 
complex drain lines were rerouted to a new waste management facility in building E11. 

The Crossover Tunnel managed G2 waste and processing liquids and other laboratory waste. In 1983, an 
interceptor tank connected to the Radioactive Materials Laboratory reuse system overflowed in the 
Crossover Tunnel. The interceptor was subsequently by-passed (R-000114, p. 2).  
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The G2-H2 Tunnel transported liquid waste and process liquids from G2 process areas and other 
buildings to the H2 liquid waste process and storage areas. The G2-H2 Tunnel connects the G2 Hot and 
Process Tunnels on the south to the H2 Pipe Tunnel on the north (C-000014, p. 6).  

In 1976, the G2-H2 Tunnel sump was connected to one of the three 10,000-gallon storage tanks on the 
lower level of H2 (C-000142). Following the 1989 inspection, KAPL addressed G2-H2 Tunnel water 
infiltration (C-000196) by installing a plastic hose that pumped water from the tunnel floor sump to 
processing equipment in the H2 lower level, preventing water buildup on the tunnel floor. Concrete slab 
hatchway leaks were caulked and the floor was grouted (C-000196). 

During the 1989 inspection, the sump at the north end of the tunnel was observed to be highly radioactive 
(1-Rem per hour) and contained sludge (R-001949). During the 1980s, sludge was cleaned out of the 
same sump (I-000422). The source of inflow to the sump is unknown. It is speculated the seepage in the 
north end of the tunnel could be the source, or that the interconnectivity of the SPRU sumps with the G2-
H2 sump being the low point in the system is the cause.  

Reportedly, the G2-H2 Tunnel was periodically flooded to reduce worker radiation doses (I-000422). 
Watermarks in the flat portion of the tunnel are consistent with a 1-foot lip at the south end of the tunnel, 
adjacent to the H2 Tunnel and Building H2 connection. G2-H2 Tunnel water seepage to surrounding soil 
was not known to occur and watermarks were not attributed to tunnel pipe leaks (C-000997, p. 1). 

6.4 Tank Farm History 
Following SPRU decommissioning in 1953, Tank Farm use continued for storage of liquid waste until 
1978 (R-000255, p. 3). The first comprehensive cleanout of the tanks occurred in 1965, when SPRU and 
other KAPL waste in the tanks was removed and disposed of off-site (R-000056, p. 1). 

In the 1965 cleanout, radioactive SPRU liquid waste stored from 1954 in Tank Farm Tanks 505 and 509A 
and in H2 Neutralizer Cell No. 4, Tank 320, was removed. The 22,550 gallons of waste consisted of 
“2,377 Curies of activity (fission products), 903 Kg of depleted uranium, and 539 grams of plutonium” 
(C-000118, p. 1). 

Between March and October 1978, the Tank Farm tanks were emptied of all liquid waste. 
Letter A0-6191-606, Contaminated Liquid Waste Disposal, H2 Tank Farm, Request for Concept 
Approval, outlined the method proposed for disposing of an estimated 26,915 gallons of contaminated 
liquid waste stored in the H2 Tank Farm. Liquid from the tanks was to be transferred to the south tank, 
A525-A, using remotely operated steam adductors. The liquid was then to be pumped from the A525-A 
tank using an installed evaporator feed pump and temporary piping to the pump discharge line, and then 
run through the pipe chase to the temporary volumetric filler located at the 332-foot level of H2. From the 
volumetric filler, the liquid waste was to be solidified and sealed in 55-gallon drums and shipped for 
disposal to the Chem Nuclear Facility located in Barnwell, South Carolina (C-002033, pp. 1-2, 4-5; 
C-002052, p. 2). 

There have been no Tank Farm construction modifications except for addition of a surveillance camera in 
each Tank Farm vault for monitoring groundwater infiltration and plastic piping to allow for vault 
draining following the 1989 inspection (R-001949). 

Water infiltration into the Tank Farm vaults has been a continuous problem. Water leaked into the tank 
vaults as early as 1952, in “considerable” quantities. Concern was expressed because the water had to be 
processed through the evaporators, causing them to run at near capacity (C-000458). Draining 
accumulated water and maintaining dry vaults was recommended and implemented in 1956 as a 
groundwater contamination preventative measure (R-000057, pp. 3-8; C-000063, pp. 2-3; C-000067, 
p. 1).  
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In 1952, a drainage tile system designed to alleviate rainwater seepage was installed above the Tank Farm 
vaults. The tile sections connect at the 320 foot elevation to the main drainage system, which runs parallel 
to the east side of the Tank Farm, along the north side of H2, and down an embankment to a concrete 
catch basin. The catch basin drains to the storm sewer, but also overflows to the drainage ditch along the 
east side of the road to the lower level (R-000057, pp. 3-8, C-000063, pp. 2-3). 

Table 6-5 presents the approximate amount of water on vault floors in 2000 and historically (R-001304, 
Attachment 1, p. 8). 

Table 6-5. Estimated Water Present on Vault Floors from 1978 to 2000 (Gallons) 

Vault 1978(1) 1989(2) 1998(3) 2000(4) 
505 375 60 25 N/A 

509A 6,000 275 4,500 7,907 
509B 1,325 315 50 N/A 
509C 8,145 20 20 N/A 
509D 2,375 0 0 N/A 
509E 8,250 2,650 800 1,482 
578 970 0 0 N/A 

 
(1) 1978 values from ES-RJC-9803, Historical Review of Tritium Concentrations in Knolls Site Samples, November 11, 1998; 

there was no tarp over the Tank Farm at this time. 
(2) 1989 volumes are totals of volumes pumped prior to the inspection plus residual volumes estimated by visual observation 

during inspection. 
(3) 1998 volumes estimated from visual observation during the inspection. 
(4) 2000 volumes pumped from April to August 2000; only vaults 509E and 509A were pumped at this time. 
 

In the spring of 1952, four test wells were drilled around the Tank Farm in response to concerns about the 
potential soil and groundwater contamination near H2 and the Tank Farm. Test wells No. 1 (35.9 feet 
deep) and No. 2 (134.5 feet deep) were drilled approximately 7 feet north of the Tank Farm, 
approximately 10 feet apart. Test Well No. 3 (35.9 feet deep) was drilled east of the Tank Farm in the 
509C Vault area. Test Well No. 4 (32.9 feet deep) was drilled approximately 5 feet south of the Tank 
Farm. Well tests (in particular from Well No. 1) between 1952 and 1956 suggested some leaking or 
seepage of radioactive liquids from Tank Farm vaults and possible seepage from the H2 tunnel. The Tank 
Farm vaults were determined to be the most probable groundwater contamination source.  

Additional sampling from sample points No. 1 and No. 4 indicated gross beta activity in the range of less 
than or equal to 4.2 x 10-9 to (1.41 ± 0.88) x 10-8 microCuries per milliliter and gross gamma activity in 
the range of less than or equal to 1.8 x 10-8 to (3.15 ± 2.22) x 10-8 microCuries per milliliter. Strontium-90 
was identified in these samples. Gross alpha analysis indicated all samples to be less than or equal to 10-9 
microCuries per milliliter (R-000057, pp. 3-8; C-000063, p. 1; C-000154, Table 1 and Figure 1). Core 
boring samples obtained near the Tank Farm in 1974 failed to demonstrate discernible levels of ground 
contamination (C-000445). 

In 1983, a tarp intended to divert water from the Tank Farm area to the H2 Hillside Drain system was 
installed over the Tank Farm (R-001304, Attachment 1, p. 7). Following the 1989 inspection, a new 
plastic tarp was installed over the Tank Farm and covered with gravel. The second tarp was still in place 
in 1997 (C-000396, p. 4). Plans to periodically pump down the vaults following the 1989 inspection were 
abandoned and the vaults were not pumped down before the 1998 inspection. Vaults 509A and 509E were 
pumped intermittently from April to August 2000 (R-001304, Attachment 1, p. 16), after which KAPL 
planned to pump down the Tank Farm vaults at least every 3 years (R-001304, Attachment 1, p. 8). 
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Tank and Vault 505 Contamination History 

Table 6-6 describes the radiological history resulting from the vault and tank inspections and the resulting 
radiological survey and analysis findings. Table 6-7 summarizes 505 Tank and Vault chemical history. 

Table 6-6. Tank and Vault 505 Radiological History 

Date Area Visual Impressions Summary Findings (Reference) 
6/1/1963 505 

Tank 
Volume of waste = 11,000 gallons  
(Note: R-002047, p. 4, suggests tank 
overflow into the vaults during the past) 

Radiochemical analysis identified:  
Plutonium (accountability) – 81 g, Plutonium (observed) – 11 g  
Uranium (accountability) – 308 kg, Uranium (observed) – 181 kg  
Cs-137 (observed) – 377 Ci, Sr-90 (observed) – 354 Ci  
(R-000115, p. 4) 

4/1/1965 505 
Tank 

Volume of waste = 8,250 gallons Unknown method of identification: 
Pu – 9 g, Depleted Uranium – 136 kg, Cs-137 – 283 Ci, Sr-90 – 
266 Ci  
(C-000118, attachment b, p. 2) 

12/1971 505 
Vault 

None General radiation in cell: 
1 Rem/hr – 2 Rem/hr beta 
100 mRem/hr – 150 mRem/hr gamma  
(R-000385, Table 4) 

12/1971 505 
Tank 

Volume of sludge heel – 300 gallons Concentration of tank contents: 
1 x 103 pCi/gal alpha 
1x 108 pCi/gal beta-gamma 
(R-000385, Table 4) 

Unclear; 
possibly 
1965; letter 
from 1977 or 
1978 
considers 
results 
current 

505 
Tank 

Approximate volume = 250 gallons 
(Cs-137 observed in gamma spectra 
Gross beta expressed as equivalent 
Sr-Y-90) 

Radiochemical results (μCi/ml): (2.33 ± 0.02) x 10-3 gamma; 
(2.62 ± 0.04) x 10-3 beta; (7.83 ± 0.48) x 10-5 alpha; (3.1 ± 1.0) x 
10-6 tritium 
Spectrographic chemical analysis (ppm in liquid waste with error 
of ± 2): Na – 115; Ca – 70; U – 1200; Ba – <6; Mg – 25; Ni – 115; 
Si – 55; Al – 55; B – <0.3; Fe – 225; Zr – 25; Cu – 3; Mn – 7; Be 
– <0.03; Cr – 8; Pb – 5; Nb – 3; P – 280; Ti – <1 
(C-002033, encl. pp. 1-2; C-002049, attachment) 

9/12/1989 505 
Vault 

Vault structurally sound 
Piping and pipe fittings in vault sound 
Residual water covers vault floor to 
maximum depth ¼ inch at drainage 
channel; dirt, dust, and debris visible 
beneath clear water; waterproofing material 
from walls visible at various locations on 
floor 
Tar-like substance (believed to be sealant 
applied to ceiling) present on portions of 
ceiling, walls, floor, and outer tank and 
piping; less in this vault than noted in other 
vaults 
Streaks of water on west and south walls 
with actual water drops or sheeting on west 
wall; condensation appears to be cause of 
water, similar to what was observed in 
509B Vault 
Water lines on vault walls and tank to 
about 5 feet above floor; no water was 
pumped from this vault prior to inspection  
Air flow into vault during inspection > 26 
ft3/min; normally no air flow 

Gamma readings range from <1 mRem/hr 1 foot below ceiling to 
114 mRem/hr at 304-foot level  
Beta and gamma readings range from <100 mRem/hr 1 foot 
below ceiling to 400 mRem/hr at 304-foot level  
Data indicate contamination contribution from sludge heel in tank  
Reading from tool elbow which rubbed against south wall about 
12 feet from floor had no detectable contamination by direct 
probe; tool head and camera housing, which came into contact 
with west end of tank, read 4,200 cpm above background beta-
gamma by direct probe 
Floor contamination measured by radiation levels taken from 409 
detergent-dampened rag: 0.3 mRem/hr open window and 0.2 
mRem/hr closed window with RO-2 radiac; Q-tips swiped on rag 
read 3,400 cpm above background beta-gamma and 20 cpm 
alpha 
Vault surface radionuclide distribution and Ci content: 
Cs-137 – 88.7%, 0.80 Ci content, 0.0092 g 
Pu-239 – 0.6%, 5.4x10-3 Ci content, 0.087 g 
Am-241 – 0.1%, 9x10-4 Ci content, 0.0002 g 
Sr-90 – 10.6%, 0.096 Ci content, 0.7x10-3 g 
Vault sump sample radionuclide analysis results (µCi/ml) 
(pre-inspection samples collected from existing lines connected 
to common header in H2, 309-foot level): 
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Date Area Visual Impressions Summary Findings (Reference) 
No information due to blockage in lines (new lines subsequently 
installed) (C-000203, Part I, pp. 18-19) 

 

Table 6-7. Tank and Vault 505 Chemical History 

Date Area Summary Findings (Reference) 
Unknown (prior to 
3/17/1965) 

505 Tank X-ray fluorescence identified in g/gal: U – 13.7, Cr – 1.7, Mn – 0.57, Fe – 1.2, Ni – 0.20, 
Pb – 0.04, Al – not given, Si – not given (R-000115, p. 3) 

Unclear; possibly 1965; 
letter from 1977 or 1978 
considers these results 
current 

505 Tank Spectrographic chemical analysis (ppm in liquid waste with error of ± 2): Na – 115; Ca 
– 70; U – 1200; Ba – <6; Mg – 25; Ni – 115; Si – 55; Al – 55; B – <0.3; Fe – 225; Zr – 
25; Cu – 3; Mn – 7; Be – <0.03; Cr – 8; Pb – 5; Nb – 3; P – 280; Ti – <1 
(C-002033, encl. pp. 1-2; C-002049, attach.) 

 

Tank and Vault 509A Contamination History 

Table 6-8 describes the radiological history resulting from 509A Tank and Vault inspections including 
visual observations and summarized radiological survey and analysis findings. Table 6-9 summarizes 
509A Tank chemical history. 

Table 6-8. Tank and Vault 509A Radiological History 

Date Area Visual Impressions Summary Findings (Reference) 
6/1/1963 509A 

Tank 
Volume of waste = 11,000 gallons  
(Note: R-002047, p. 4, suggests there 
was past Tank overflow into the Vaults) 

Radiochemical analysis identified:  
Pu (observed) – 464 g, U (observed) – 611 kg Cs-137 
(observed) – 636 Ci 
Sr-90 (observed) – 704 Ci 
(C-000118, attach. b, p. 2; R-000115, p. 4) 

4/1/1965 509A 
Tank 

Volume of waste = 1,350 gallons Unknown method of identification: Pu – 452 g,  
Depleted U – 604 kg, Cs-137 – 520 Ci, Sr-90 – 520 Ci 
(C-000118, attach. b, p. 2) 

12/1971 509A 
Vault 

None General radiation in cell: 
1 Rem/hr – 2 Rem/hr beta 
100 mRem/hr – 150 mRem/hr gamma (R-000385, Table 4) 

12/1971 509A 
Tank 

Volume of sludge heel = 350 gallons Concentration of Tank contents: 
1 x 104 pCi/gal alpha 
1x 108 pCi/gal beta-gamma (R-000385, Table 4) 

Unclear; 
possibly 1965; 
letter from 
1977 or 1978 
considers 
these results 
current 

509A 
Tank 

Approximate volume = 5,775 gallons 
(Cs-137 observed in gamma spectra 
Gross beta expressed as equivalent Sr-
Y-90) 

Radiochemical results (μCi/ml): (2.19 ± 0.05) x 10-4 gamma; 
(3.04 ± 0.04) x 10-3 beta; (4.11 ± 0.37) x 10-6 alpha; (4.7 ± 0.7) 
x 10-6 tritium (C-002033, encl. pp. 1-2; C-002049, attachment) 

9/12/1989 505 Vault Vault structurally sound 
Piping and pipe fittings in vault sound 
Residual water covers vault floor to 
maximum depth ¼ inch at drainage 
channel; dirt, dust, and debris visible 
beneath clear water; waterproofing 
material from walls visible at various 
locations on floor. 
Tar-like substance (believed to be 
sealant applied to ceiling) present on 

Gamma readings range from <1 mRem/hr 1 foot below ceiling 
to 114 mRem/hr at 304-foot level  
Beta and gamma readings range from <100 mRem/hr 1 foot 
below ceiling to 400 mRem/hr at 304-foot level  
Data indicate contamination contribution from sludge heel in 
tank  
Reading from tool elbow which rubbed against south wall 
about 12 feet from floor had no detectable contamination by 
direct probe; tool head and camera housing, which came into 
contact with west end of tank, read 4,200 cpm above 
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Date Area Visual Impressions Summary Findings (Reference) 
portions of ceiling, walls, floor, and outer 
tank and piping; less in this vault than 
noted in other vaults 
Streaks of water on west and south 
walls with actual water drops or sheeting 
on west wall; condensation appears to 
be cause of water, similar to what was 
observed in 509B Vault 
Water lines on vault walls and tank to 
about 5 feet above floor; no water was 
pumped from this vault prior to 
inspection  
Air flow into vault during inspection > 26 
ft3/min; normally no air flow 

background beta-gamma by direct probe 
Floor contamination measured by radiation levels taken from 
409 detergent-dampened rag: 0.3 mRem/hr open window and 
0.2 mRem/hr closed window with RO-2 radiac; Q-tips swiped 
on rag read 3,400 cpm above background beta-gamma and 20 
cpm alpha 
Vault surface radionuclide distribution and Curie content: 
Cs-137 – 88.7%, 0.80 Ci content, 0.0092 g 
Pu-239 – 0.6%, 5.4x10-3 Ci content, 0.087 g 
Am-241 – 0.1%, 0.9x10-3 Ci content, 0.0002 g 
Sr-90 – 10.6%, 0.096 Ci content, 0.7x10-3 g 
Vault sump sample radionuclide analysis results (µCi/ml)  
(pre-inspection samples collected from existing lines 
connected to common header in H2, 309-foot level): 
No information due to blockage in lines (new lines 
subsequently installed) (C-000203, Part I, pp. 18-19) 

 

Table 6-9. Tank 509A Chemical History 

Date Area Summary Findings (Reference) 

Unclear; possibly 
1965; letter from 
1977 or 1978 
considers these 
results current 

509A Tank Spectrographic chemical analysis (ppm in liquid waste with error of ± 2): Na – 350; Ca – 45; U – 
<20; Ba – 10; Mg – 35; Ni – 10; Si – 10; Al – 2; B – 4; Fe – 10; Zr – 1; Cu – 0.5; Mn – 1; Be – 
<0.01; Cr – 0.7; Pb – <0.6; Nb – 0.4; P – 10; Ti – <0.4 
(C-002033, encl. pp. 1-2; C-002049, attachment) 

 

Tank and Vault 509B Contamination History 

Table 10-9 describes the radiological history resulting from 509B Tank and Vault inspections, including 
visual observations and summarized radiological survey and analysis findings. Table 6-11 summarizes 
509B Tank chemical history. 

Table 6-10. Tank and Vault 509B Radiological History 

Date Area Visual Impressions Summary Findings (Reference) 
12/1971 509B Vault None General radiation in cell: 

1 Rem/hr – 2.5 Rem/hr beta 
100 mRem/hr – 150 mRem/hr gamma 
(R-000385, Table 4) 

12/1971 509B Tank Volume of sludge heel = 250 gallons Concentration of tank contents: 
1 x 104 pCi/gal alpha 
1x 107 pCi/gal beta-gamma 
(R-000385, Table 4) 

Unclear; 
possibly 1965; 
letter from 
1977 or 1978 
considers 
these results 
current 

509B Tank Approximate volume = 1,150 gallons 
(Cs-137 observed in gamma spectra 
Gross beta expressed as equivalent Sr-
Y-90) 

Radiochemical results (μCi/ml): (7.56 ± 0.22) x 10-5 gamma; 
(1.46 ± 0.02) x 10-3 beta; (2.04 ± 0.10) x 10-5 alpha; (3.4 ± 1.0) 
x 10-6 tritium 
(C-002033, encl. pp. 1-2; C-002049, attach.) 
 

9/11/1989 509B Vault Vault structurally sound 
Piping and pipe fittings in vault sound 

Gamma readings range from 3 mRem/hr 1 foot below vault 
ceiling to 35 mRem/hr at the 307-foot level 
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Date Area Visual Impressions Summary Findings (Reference) 
Ranges from film to approximately ½ 
inch water (near drainage channel 
leading to sump) over floor; clear water; 
dirt, concrete dust, and debris visible 
through water 
Tar-like substance (believed to be 
sealant applied to ceiling) present on 
portions of ceiling, walls, floor, and outer 
tank and piping  
Streaks of water on west and south 
walls; west wall appeared to be damp 
believed to be significant condensation 
Several water lines on tank and walls up 
to approximately 6.5 feet from floor; 
darkest water line at approximately 18 
inches from floor; inconsistent with 295 
gallons removed from Vault sump prior 
to inspection (would have been to less 
than 3 inches) 
Cement waterproofing material installed 
on lower 3 feet of walls not readily 
apparent 
Air flow into vault during inspection > 69 
ft3/min; normally no air flow 

Beta and gamma readings range from <100 mRem/hr 1 foot 
below vault ceiling to 300 mRem/hr at the 307-foot level 
Data indicate contamination contribution from sludge heel in 
tank  
Reading from tool elbow which contacted south wall near 
ladder about 12 feet from floor was 800 cpm beta-gamma by 
direct probe; reading from tool head and camera housing was 
30,000 cpm beta-gamma by direct probe and 2.4 mRem/hr 
open window with RO-2 radiac 
Floor contamination samples from a 409 detergent-dampened 
rag measured with an RO-2 radiac: 2.2 mRem/hr open window 
and 0.6 mRem/hr closed window; Q-tips swiped on rag read 
10,000 cpm beta-gamma and 30 cpm alpha 
Vault surface radionuclide distribution and Curie content: 
Cs-137 – 36.2%, 0.74 Ci content, 0.0086 g 
Pu-239 – 27.8%, 0.57 Ci content, 9.2 g 
Am-241 – 2.7%, 5.5x10-3 Ci content, 0.017 g 
Sr-90 – 33.3%, 0.68 Ci content, 5.0x10-3 g 
Vault sump sample radionuclide analysis results (µCi/ml) 
(pre-inspection samples collected from existing lines 
connected to common header in H2, 309-foot level): 
Cs-137 – 5.1x10-3 filtrate, 4.9x10-5 in crud 
Pu total – 2.5x10-5 filtrate, 2.0x10-5 in crud 
U-234 – 9.1x10-5 filtrate, not detected in crud 
U-238 – 1.0x10-4 filtrate, not detected in crud 
Sr-90 – 2.8x10-3 filtrate, 6.7x10-6 crud 
Tritium – filtrate not analyzed, crud not analyzed 
(C-000203, Part I, pp. 10-11) 

 

Table 6-11. Tank 509B Chemical History 

Date Area Summary Findings (Reference) 
Unclear; possibly 
1965; letter from 
1977 or 1978 
considers these 
results current 

509B Tank Spectrographic chemical analysis (ppm in liquid waste with error of ± 2): Na – 500; Ca – 20; U – 20; 
Ba – 7; Mg – 6; Ni – 3; Si – 3; Al – 2.5; B – 1.5; Fe – 0.8; Zr – 0.6; Cu – 0.4; Mn – 0.15; Be – 0.01; Cr 
– <0.5; Pb – <0.6; Nb – <0.4; P – <10; Ti – <0.4 
(C-002033, enclosure pp. 1-2; C-002049, attachment) 

 

Tank and Vault 509C Contamination History 

Table 6-12 describes the radiological history resulting from 509C Tank and Vault inspections, including 
visual observations and summarized radiological survey and analysis findings. Table 6-13 outlines 509C 
Tank chemical history. 

Table 6-12. Tank and Vault 509C Radiological History 

Date Area Visual Impressions Summary Findings (Reference) 
12/1971 509C Vault None General radiation in cell: 

5 Rem/hr beta 
250 mRem/hr gamma (R-000385, Table 4) 
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Date Area Visual Impressions Summary Findings (Reference) 
12/1971 509C Tank Volume of sludge heel = 200 

gallons 
Concentration of tank contents: 
1 x 104 pCi/gal alpha 
1x 107 pCi/gal beta-gamma (R-000385, Table 4) 

Unclear; 
possibly 1965; 
letter from 1977 
or 1978 
considers these 
results current 

509C Tank Approximate volume = 8,145 
gallons 
(Cs-137 observed in gamma 
spectra 
Gross beta expressed as 
equivalent Sr-Y-90) 

Radiochemical results (μCi/ml): (4.24 ± 0.07) x 10-4 gamma; (4.69 ± 
0.05) x 10-3 beta; (1.47 ± 0.08) x 10-5 alpha; (1.6 ± 1.0) x 10-6 tritium 
(C-002033, encl. pp. 1-2; C-002049, attach.) 
 

9/8/1989 509C Vault Vault structurally sound 
Piping and pipe fittings in vault 
sound 
Ranges from film to 
approximately ½ inch water 
(near drainage channel leading 
to sump) over floor; clear water; 
dirt, concrete dust, and debris, 
as well as cement waterproofing 
material from walls, visible 
through water 
Tar-like substance (believed to 
be sealant applied to ceiling) 
present on portions of ceiling, 
walls, floor, and outer tank and 
piping; one location of tar on 
piping above tank is discolored 
and water (from ceiling above) 
drips off tar at the rate of 1 drop 
per minute 
Streaks of water on west and 
south walls; streaks begin high 
on walls and end on floor, 
appear to be moist 
Water line evident on walls and 
Tank 18 inches above floor 
Air flow into vault during 
inspection > 160 ft3/min; 
normally no air flow 

Gamma readings range from 7 mRem/hr 1 foot below vault ceiling 
to 74 mRem/hr at the 307-foot level 
Beta and gamma readings range from <100 mRem/hr 1 foot below 
vault ceiling to 300 mRem/hr at the 307-foot level 
Data indicate contamination contribution from sludge heel in tank 
Reading from tool elbow which contacted south wall about 12 feet 
from floor was 200 cpm beta-gamma on a large area wipe; reading 
from camera which was in contact with west end of tank was 7,500 
cpm beta-gamma and 400 cpm alpha 
Floor contamination samples from a 409 detergent-dampened rag 
measured with an RO-2 radiac: 0.5 mRem/hr open window and <0.2 
mRem/hr closed window; Q-tips swiped on rag read 3,000 cpm 
above background beta-gamma 
Vault surface radionuclide distribution and Curie content: 
Cs-137 – 82.8%, 1.1 Ci content, 0.013 g 
Pu-239 – 0.8%, 0.011 Ci content, 0.18 g 
Am-241 – 0.1%, 1.3x10-3 Ci content, 0.0004 g 
Sr-90 – 16.4%, 0.22 Ci content, 1.6x10-3 g 
Vault sump sample radionuclide analysis results (µCi/ml) (pre-
inspection samples collected from existing lines connected to 
common header in H2, 309-foot level): 
Cs-137 – 1.1x10-3 filtrate, 1.9x10-5 in crud 
Pu total – 1.9x10-5 filtrate, 8.7x10-5 in crud 
U-234 – 2.3x10-4 filtrate, not detected in crud 
U-238 – 2.4x10-4 filtrate, not detected in crud 
Sr-90 – 3.6x10-3 filtrate, 1.5x10-4 crud 
Tritium – filtrate not analyzed, crud not analyzed 
(C-000203, Part I, pp. 12-13) 

 

Table 6-13. Tank and Vault 509C Chemical History 

Date Area Summary Findings (References) 
Unclear; possibly 1965; 
letter from 1977 or 1978 
considers these results 
current 

509C Tank Spectrographic chemical analysis (ppm in liquid waste with error of ± 2): Na – 280; Ca – 
100; U – 30; Ba – <2; Mg – 20; Ni – 2; Si – 7; Al – 0.6; B – 1.5; Fe – 1.7; Zr – <0.3; Cu – 
0.15; Mn – 0.15; Be – <0.007; Cr – <0.5; Pb – <0.6; Nb – <0.4; P – <10; Ti – <0.4 
(C-002033, encl. pp. 1-2; C-002049, attach.) 

Unknown 
(The document reporting 
results is dated 
2/21/1990.) 

509C Tank Shotgun swab sample analysis (metals) results given in net concentration per gram of 
waste (ppm): 
Arsenic – 166  Lead – 10,536 
Barium – 68,600  Selenium – 207 
Cadmium – 65  Silver – 105 
Chromium – 3,474  Mercury – 217 
(C-000201, p. 2) 
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Tank and Vault 509D Contamination History 

Table 6-14 describes the radiological history from 509D Tank and Vault inspections, including visual 
observations and summarized radiological survey and analysis findings. Table 6-15 summarizes 509D 
Tank chemical history. 

Table 6-14. Tank and Vault 509D Radiological History 

Date Area Visual Impressions Summary Findings (Reference) 
12/1971 509D Vault None General radiation in cell: 

400 mRem/hr – 1 Rem/hr beta 
15 mRem/hr – 35 mRem/hr gamma (R-000385, Table 4) 

12/1971 509D Tank Volume of sludge heel = 300 gallons Concentration of tank contents: 
1 x 104 pCi/gal alpha 
1x 107 pCi/gal beta-gamma (R-000385, Table 4) 

Unclear; 
possibly 1965; 
letter from 
1977 or 1978 
considers 
results current 

509D Tank Approximate volume = 2,375 gallons 
(Cs-137 observed in gamma spectra 
Gross beta expressed as equivalent 
Sr-Y-90) 

Radiochemical results (μCi/ml): (7.92 ± 0.22) x 10-5 gamma; 
(6.52 ± 0.10) x 10-4 beta; (4.66 ± 0.31) x 10-6 alpha; (6.1 ± 1.1) x 
10-6 tritium (C-002033, encl. pp. 1-2; C-002049, attach.) 
 

9/6/1989 – 
9/7/1989 

509D Vault Vault structurally sound 
Piping and pipe fittings in vault sound 
Some grind marks noted on tank 
(evidently from original construction) 
No active water leakage noted; 
stalactites hanging from ceiling; 
vertical stains on walls; several 
horizontal lines on tank and walls at 
common elevations indicating 
standing water in the past at different 
levels up to 5 feet above floor 
Tar-like substance (believed to be 
sealant applied to ceiling) present on 
portions of ceiling, walls, floor, and 
outer tank and piping; one location of 
tar on piping above tank is discolored 
and water (from ceiling above) drips 
off tar at the rate of 1 drop per minute 
Floor of vault covered with 
approximately 1/8” to ¼” of dirt, dust, 
and debris 
With exception of horizontal water 
lines, this vault is similar in 
appearance to 509E and 578 Vaults 
Air flow into vault during inspection > 
160 ft3/min; normally no air flow 

Gamma readings range from <1 mRem/hr at the 331-foot level to 
12 mRem/hr at the 310-foot level 
Beta and gamma readings range from <100 mRem/hr at the 
331-foot level to 100 mRem/hr at the 306-foot level 
Data indicate contamination contribution from sludge heel in tank 
Floor contamination samples from a 409 detergent-dampened 
rag read 200 cpm above background beta-gamma with no 
detectable alpha 
Vault surface radionuclide distribution and Curie content: 
Cs-137 – 46.6%, 0.072 Ci content, 8.3x10-4 g 
Pu-239 – None detected 
Am-241 – None detected 
Sr-90 – 53.4%, 0.083 Ci content, 0.61x10-3 g 
Vault sump sample radionuclide analysis results (µCi/ml) 
(pre-inspection samples collected from existing lines connected 
to common header in H2, 309-foot level): 
Cs-137 – 1.5x10-1 filtrate, 7.9x10-3 in crud 
Pu total – 5.0x10-5 filtrate, 3.1x10-5 in crud 
U-234 – 5.8x10-4 filtrate, not detected in crud 
U-238 – 5.9x10-4 filtrate, not detected in crud 
Sr-90 – 1.4x10-2 filtrate, 3.6x10-4 crud 
Tritium – filtrate not analyzed, crud not analyzed 
(C-000203, Part I, pp. 14-15) 
 

 

Table 6-15. Tank and Vault 509D Chemical History 

Date Area Summary Findings (Reference) 
Unclear; possibly 1965; 
letter from 1977 or 1978 
considers these results 
current 

509D Tank Spectrographic chemical analysis (ppm in liquid waste with error of ± 2): Na – 310; 
Ca – 30; U – <15; Ba – 3; Mg – 10; Ni – 8; Si – 8; Al – 1.2; B – 8; Fe – 2; Zr – <0.3; 
Cu – 0.15; Mn – 0.4; Be – <0.007; Cr – 0.3; Pb – <0.6; Nb – <0.4; P – 25; Ti – <0.4 
(C-002033, enclosure pp. 1-2; C-002049, attachment) 
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Date Area Summary Findings (Reference) 
Unknown 
(the document reporting 
results is dated 2/21/1990) 

509D Tank Shotgun swab sample analysis (metals) results given in net concentration per gram 
of waste (ppm): 
Arsenic – 92 Barium – 19,100 
Cadmium – 90 Chromium – 3,904 
Lead – 4,116 Selenium – 66 
Silver – 79 Mercury – 1,400  (C-000201, p. 2)  

 

Tank and Vault 509E Contamination History 

Table 6-16 describes the radiological history from 509E Tank and Vault inspections, including visual 
observations and summarized radiological survey and analysis findings. Table 6-17 summarizes 
509E Tank chemical history. 

Table 6-16. Tank and Vault 509E Radiological History 

Date Area Visual Impressions Summary Findings (Reference) 
12/1971 509E Vault None General radiation in cell: 

370 mRem/hr beta 
175 mRem/hr gamma (R-000385, Table 4) 

12/1971 509E Tank Volume of sludge heel = 400 
gallons 

Concentration of tank contents: 
1 x 104 pCi/gal alpha 
1x 107 pCi/gal beta-gamma (R-000385, Table 4) 

Unclear; 
possibly 1965; 
letter from 1977 
or 1978 
considers these 
results current 

509E Tank Approximate volume = 8,250 
gallons 
(Cs-137, Cs-134 observed in 
gamma spectra 
Gross beta expressed as 
equivalent Sr-Y-90) 

Radiochemical results (μCi/ml): (3.36 ± 0.02) x 10-2 gamma; (2.69 
± 0.04) x 10-2 beta; (3.7 ± [unreadable]) x 10-7 alpha; (1.6 ± 0.12) x 
10-5 tritium 
(C-002033, encl. pp. 1-2; C-002049, attach.) 
 

9/5/1989 509E Vault Vault structurally sound 
Piping and pipe fittings in vault 
sound 
Water leaking into vault from at 
least two locations in ceiling at 
rate of one drop every 10-15 
seconds; vault floor is damp; two 
stalactites noted on ceiling, 4 to 6 
inches long, located where water 
is leaking in; believed to be tar-
like substance with yellowish 
color possibly from dissolved 
minerals associated with leakage 
Tar-like substance (believed to 
be sealant applied to ceiling) 
present on portions of ceiling, 
walls, floor, and outer tank and 
piping 
Floor of vault covered with 
approximately 1/8” of dirt, 
concrete dust, and debris; 
remains of cement waterproofing 
from walls on floor 
Air flow into vault during 
inspection > 160 ft3/min; normally 
no air flow 

Gamma readings range from 11 mRem/hr 1 foot below the ceiling 
to 69 mRem/hr 1 foot above the floor 
Beta and gamma readings range from <100 mRem/hr 1 foot below 
the ceiling to 200 mRem/hr 1 foot above the floor 
Data indicate contamination contribution from sludge heel in tank 
Floor contamination samples from a 409 detergent-dampened rag 
read 3.5 mRem/hr open window and 0.2 mRem/hr closed window 
with an RO-2 ionization chamber detector; calculated to be greater 
than 70,000 cpm beta-gamma  
Vault surface radionuclide distribution and Curie content: 
Cs-137 – 78.8%, 0.64 Ci content, 0.0074 g 
Pu-239 – 6.3%, 0.051 Ci content, 0.82 g 
Am-241 – 0.6%, 4.9x10-3 Ci content, 0.0014 g 
Sr-90 – 14.2%, 0.12 Ci content, 0.88x10-3 g 
Vault sump sample radionuclide analysis results (µCi/ml) 
(pre-inspection samples collected from existing lines connected to 
common header in H2, 309-foot level): 
Cs-137 – 7.6x10-3 filtrate, 7.1x10-5 crud 
Pu total – 1.0x10-5 filtrate, 2.5x10-5 crud 
U-234 – 1.0x10-5 filtrate, not detected in crud 
U-238 – 5.2x10-6 filtrate, not detected in crud 
Sr-90 – 2.9x10-3 filtrate, 5.9x10-5 crud 
Tritium - <2.6x10-7 filtrate, crud not analyzed 
(C-000203, Part I, pp. 16-17) 
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Table 6-17. Tank and Vault 509E Chemical Analysis History 

Date Area Summary Findings (Reference) 
Unclear; possibly 1965; 
letter from 1977 or 1978 
considers these results 
current 

509E Tank Spectrographic chemical analysis (ppm in liquid waste with error of ± 2): Na – 265; Ca – 80; 
U – <15; Ba – <2; Mg – 10; Ni – 2; Si – 15; Al – 2.5; B – 4; Fe – 8; Zr – <0.3; Cu – 0.4; Mn – 
2; Be – <0.007; Cr – 0.7; Pb – 0.7; Nb – <0.4; P – 40; Ti – 1.3 
(C-002033, encl. pp. 1-2; C-002049, attach.) 

 

Tank and Vault 578 Contamination History 

Table 6-18 describes the radiological history from 578 Tank and Vault inspections, including visual 
observations and summarized radiological survey and analysis findings. Table 6-19 summarizes 578 Tank 
chemical history. 

Table 6-18. Tank and Vault 578 Radiological History 

Date Area Visual Impressions Summary Findings (Reference) 
12/1971 578 Vault None General radiation in cell: 

2 Rem/hr – 3 Rem/hr beta 
150 mRem/hr gamma 
(R-000385, Table 4) 

12/1971 578 Tank Volume of sludge heel – 100 gallons Concentration of tank contents: 
1 x 104 pCi/gal alpha 
1x 107 pCi/gal beta-gamma 
(R-000385, Table 4) 

Unclear; 
possibly 
1965; letter 
from 1977 or 
1978 
considers 
these results 
current 

578 Tank Approximate volume = 970 gallons 
(Cs-137, Cs-134, Co-60 observed in 
gamma spectra 
Gross beta expressed as equivalent 
Sr-Y-90) 

Radiochemical results (μCi/ml): (1.09 ± 0.01) x 10-3 gamma; 
(9.15 ± 0.07) x 10-3 beta; (1.03 ± 0.05) x 10-4 alpha; (1.1 ± 
0.02) x 10-4 tritium 
(C-002033, encl. pp. 1-2; C-002049, attach.) 
 

8/30/1989 – 
8/31/1989 

578 Vault Vault structurally sound 
Piping and pipe fittings in vault 
structurally sound 
No active water leakage noted 
Floor damp 
Sump connected to vault empty (prior to 
inspection) 
Tar-like substance (believed to be sealant 
applied to ceiling) present on portions of 
ceiling, walls, floor, and outer tank and 
piping 
Floor of vault covered with approximately 
1/16” mixture of dirt, concrete dust, debris 
Cement water proofing material installed 
on lower 3 foot of walls appears to have 
fallen off and is visible on floor 
Air flow into vault through hatch opening 
provided drying effect during inspection 
(air flow during inspection ~ 28 ft3/min); 
normally no air flow 

RO-7-ID: Gamma readings range from 8 mRem/hr 1 foot 
below vault ceiling to 52 mRem/hr 1 foot above vault floor 
RO-7-IM: Beta and gamma readings range from <100 
mRem/hr 1 foot below vault ceiling to 500 mRem/hr 1 foot 
above vault floor 
Data indicate contamination contribution from sludge heel in 
tank 
RO-2 radiac: Readings on walls range from 300 cpm beta-
gamma, 50 cpm alpha at 12 feet from floor to 18,000 cpm 
beta-gamma, 1,600 cpm alpha at 1 to 2 feet from floor 
(readings taken of swipes from inspection equipment which 
came into contact with walls at these locations only) 
RO-2 radiac: Floor contamination measured by radiation 
levels taken from cotton swab: 0.6 mRem/hr open window 
and 0.2 mRem/hr closed window 
Vault surface radionuclide distribution and Curie content: 
Cs-137 – 65.2%, 1.1 Ci content, 0.013 g 
Pu-239 – 4.5%, 0.077 Ci content, 1.2 g 
Am-241 – 0.4%, 6.7x10-3 Ci content, 0.002 g 
Sr-90 – 29.9%, 0.51 Ci content, 3.7x10-3 g 



April 2006 
 
Nuclear Facility Historical Site Assessment for the SPRU Disposition Project 
 

 
6-25 

Date Area Visual Impressions Summary Findings (Reference) 
Blank flanges removed from two pipes 
(flanges hanging from pipe ends with 
studs and nuts attached) extending from 
west wall 

(C-000203, Part I, pp. 5-7) 

 

Table 6-19. Tank and Vault 578 Chemical Analysis History 

Date Area Summary Findings (Reference) 
Unclear; possibly 1965; 
letter from 1977 or 1978 
considers these results 
current 

578 Tank Spectrographic chemical analysis (ppm in liquid waste with error of ± 2): Na – 
285; Ca – 45; U – <15; Ba – <2; Mg – 25; Ni – 12; Si – 15; Al – 6; B – 6; Fe – 20; 
Zr – 1.5; Cu – 0.8; Mn – 0.8; Be – <0.007; Cr – 1.7; Pb – 1.5; Nb – 0.3; P – 15; Ti 
– 0.4 (C-002033, encl. pp. 1-2; C-002049, attach.) 

Unknown 
(The document reporting 
results is dated 2/21/1990) 

578 Tank Shotgun swab sample analysis (metals) results given in net concentration per 
gram of waste (ppm): 
Arsenic – 94 Barium – 3,005 
Cadmium – 81 Chromium – 2,004 
Lead – 2,726 Selenium – 123 
Silver – 115 Mercury – 1,210 (C-000201, p. 2) 
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Assessment of Historical Knolls Atomic Power Laboratory (KAPL) Waste Storage 
Locations Niagara Falls Storage Site, FUSRAP Site, Lewiston, New York, February 2012 

 
 

Response to Comments and Identification of Responsive Documents 
 
Correspondence 1, dated 4/04/2012: Please find attached comments regarding, “Assessment of 
Historical Knolls Atomic Power Laboratory Waste Storage Locations, Niagara Falls Storage 
Site, Lewiston, NY”, February 2012. The above-referenced Assessment understates the types 
and amounts of nuclear reprocessing waste sent to the NFSS and Vicinity Properties. Please 
accept the following comments. 
 
Comment 1: Following discussion with yourself [Christopher Clayton, Project Manager, DOE] 
and Mr. Bob Darr [S.M. Stoller Corporation] and Mr. Joey Gillespie [S.M. Stoller Corporation] 
at the USACE Public Workshop on March 28, 2012, it became clear that the assessment carried 
out to date was based on limited historical data. Significantly more data exists, which I shall 
forward to Mr. Gillespie for his review, along with further detailed comments.  
 
Response 1: DOE appreciates any additional information on remediated sites. We continue to 
add new information to the permanent site collections. We relied on final decision documents for 
the majority of data used to prepare the assessment report and gave less weight to documents 
that presented preliminary or interim findings or discussions that were not relevant to the 
purpose of the report. We acknowledge that there are significantly-more historical data on the 
site than was reviewed in the process of writing the assessment report; however, the document 
concentrated on final data found in final decision documents (i.e. Record of Decision and Final 
Remedial Action and Verification documents) that had bearing on the purpose of the report. The 
purpose of the report was to determine whether residual contamination from the Separation 
Process Research Unit (SPRU) waste stream at KAPL remained at the former Lake Ontario 
Ordinance Works (LOOW). DOE reviewed the historical locations for interim storage of the 
KAPL waste on the former LOOW; data from the DOE assessment, remediation, and verification 
of those areas; and more recent process knowledge from the cleanup of the KAPL waste in 
Schenectady, New York, to determine if the historical storage locations were adequately assessed 
and remediated. DOE also reviewed the USACE assessment of the Niagara Falls Storage Site 
(NFSS) and concluded that the USACE data are sufficient to demonstrate that KAPL residuals 
are not present in areas that have not yet been remediated at this site. 
 
Comment 2: The report findings appear to be based on the assumption that the predominant 
radionuclide in the KAPL wastes sent to the NFSS is Cesium-137 (Cs-137) with minor amounts 
of Strontium-90 (Sr-90) and Americium-241 (Am-241). However, this assumption is incorrect. 
 
Response 2: The report findings were based on assessment and remediation data from the 
LOOW, process knowledge of historical Schenectady SPRU operations, and waste profile 
information from remediation at the former LOOW and KAPL facilities. Documentation 
indicates that Sr-90, Am-241, and plutonium-239 (Pu-239) concentrations were significantly 
lower than Cs-137 concentrations. Therefore, DOE believes that Cs-137 is a valid surrogate for 
Sr-90, Am-241, and Pu-239 contamination in environmental media at the former LOOW. This 
finding is in accordance with Multi-Agency Radiation Survey and Site Investigation Manual 
(MARSIMM) guidance, August 2000, Section 4.3.2, “DCGLs and the Use of Surrogate 
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Measurements,” which states:  
 

For sites with multiple contaminants, it may be possible to measure just one of the 
contaminants and still demonstrate compliance for all of the contaminants present 
through the use of surrogate measurements. Both time and resources can be saved if 
the analysis of one radionuclide is simpler than the analysis of the other. For example, 
using the measured 137Cs concentration as a surrogate for 90Sr reduces the analytical 
costs because wet chemistry separations do not have to be performed for 90Sr on every 
sample. In using one radionuclide to measure the presence of others, a sufficient 
number of measurements, spatially separated throughout the survey unit, should be 
made to establish a “consistent” ratio. The number of measurements needed to 
determine the ratio is selected using the Data Quality Objectives (DQO) Process and 
based on the chemical, physical, and radiological characteristics of the nuclides and 
the site.” 

 
DOE finds support for this approach in two additional reports: Radiological Characterization 
Report for SPRU Outside Areas Executive summary E5, last paragraph, “Use of Radionuclide 
Surrogates,” and June 1981 Remedial Action and Radiological Surveys Conducted on Modern 
Landfill, Inc. Lewiston, NY, page 11 and top of page 12. Both reports refer to the use of Cs-137 
during remediation as a surrogate for other contaminants.  
 
Comment 3: The processing of irradiated uranium at the KAPL SPRU facility produced mixed 
fission product waste containing approximately equal amounts of Cesium-137 and Strontium-90. 
Review of historical SPRU process documentation confirms that there was no separation of 
Cesium-137 and Strontium-90, with respect to the mixed fission product waste. 
 
Response 3: It is true that Cs-137 and Sr-90 were not separated from the KAPL waste stream. 
Cesium and strontium were not the objects of recovery; only the uranium and plutonium were. 
However, KAPL reports indicate that the SPRU waste, which was created by digestion of 
irradiated uranium contained in aluminum casts did not contain equal amounts of individual 
fission products. The Land Area Historical Site Assessment for the SPRU Disposition Project 
(DOE 2006) presents the analytical data collected during the Schenectady characterization 
efforts. Analytical results for Cs-137 indicated that concentrations were in all cases greater than 
the concentrations of Sr-90 and other radionuclides in surface soils. This statement agrees with 
the results of assessment and verification surveys by DOE at LOOW. The DOE assessment 
report for Vicinity Property H′ (ORAU 1983) notes that concentrations of Cs-137 ranged from 
27.1 to 33 pCi/g, and concentrations of Sr-90 ranged from 1.29 to 9.71 pCi/g. See also Appendix 
12-A of the USACE NFSS Remedial Investigation Report Addendum (USACE 2011) for 
radiological survey results. Cesium was by far the most prevalent radionuclide. Data from the 
Baseline Risk Assessment and the Human Health Risk Assessment (SAIC 2007, Section 3) show 
that Sr-90 was detected much less frequently and at much lower concentrations, such that 
analysis using RESRAD did not identify Sr-90 as a radionuclide of potential concern for the 
NFSS. DOE considers the NFSS portion of the former LOOW a worst-case scenario for the 
LOOW, since most of the KAPL waste storage occurred there. 
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Comment 4: Waste profile information from the remediation of the SPRU facility reflects the 
preferential adherence of Cesium-137 to surface soils at the KAPL site, not the absence of 
Strontium-90 in the mixed fission product waste stream. 
 
Response 4: See response to comment 3. The adsorptive affinity of the radionuclides may be 
germane to the distribution of radionuclides where the KAPL material was introduced into the 
soils at LOOW. However, the assessment, post-remediation, and verification analytical results at 
the NFSS and the vicinity properties establish that Sr-90 concentrations are far lower at former 
KAPL storage locations than Cs-137 concentrations, as discussed in response to comments 2 
and 5.  
 
Comment 5: Given that the disposal and storage of KAPL wastes on the NFSS and associated 
Vicinity Properties would be expected to result in both Cesium-137 and Strontium-90 
contamination, why has Cesium-137 been identified as a contaminant of concern for the NFSS 
but not Strontium-90? The answer seems to be a lack of analyses. Please consider the following: 
 

An investigative survey of the NFSS, performed by ORAU in 1986 and 1987 identified areas 
of elevated Cesium-137 up to 838 pCi/g, but not Strontium-90. No Strontium analyses were 
performed on the samples. 
 
Review of the radiological survey reports, prepared by ORAU in support of the DOE 
Formerly Utilized Sites Remedial Action Program reveals that only a very small fraction of 
survey samples, containing elevated Cesium-137, were analyzed for Strontium-90. Note 
Strontium-90 was detected up to 111 pCi/g. 
 
No Strontium-90 analyses were performed for verification survey samples. 
 
Similarly, for the USACE’s NFSS Remedial Investigation and Remedial Investigation 
Addendum, Strontium-90 analyses were extremely limited and added as an after-thought, 
only after Cesium-137 had been identified as a radionuclide of concern for the NFSS. 

 
Response 5: Please provide a complete reference location of the analytical results by ORAU in 
1986 and 1987. Also please provide a complete reference for the Sr-90 detection.  
 
DOE assessment and remediation surveys were based on process knowledge of storage areas on 
the NFSS and vicinity properties, prior survey observations during the initial decontaminations, 
and waste characterization. This process information supported the use of Cs-137 as a surrogate 
for the remediation of strontium and other associated low-detection, lower-risk radionuclides 
from the vicinity properties. Surveys of former storage areas on the LOOW found that Cs-137 
levels were higher than Sr-90 levels from biased sample locations (Remedial Action and 
Radiological Surveys Conducted at Property Owned by Modern Landfill, Inc., Eberline 1981, 
pages 11 and 12). Therefore, it is likely that if remediation was adequate to reduce Cs-137 levels 
to less than the cleanup standard the concentrations of strontium and other low-risk 
radionuclides were also less than the standards on the vicinity properties. Verification analysis 
for strontium would have only been necessary if cesium had been detected in significant 
concentrations during the verification survey.  
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USACE arrived independently at the same conclusion through a risk-based screening of 
analytical results, citing weight of evidence. The 2007 Human Health Risk Assessment and 
Screening Level Ecological Risk Assessment (SAIC 2007) were performed as part of the 
Baseline Risk Assessment for the NFSS. Results from sample analyses were used to determine if 
the analytes detected were of sufficient quantity and concentration to become radionuclides of 
concern (ROC). Sections 5.2 and 5.3 of the report explain the criteria for determining an ROC 
for a site. Through evaluation of the analytical database using RESRAD, ROCs were defined on 
the basis of total risk by medium and then by specific risk from a radionuclide of potential 
concern. To be identified as an ROC, the excess lifetime cancer risk for any radionuclide must 
exceed 1 × 10–4 in a specific medium for a given receptor. Analytical results indicated that Sr-90 
concentrations were not high enough or were not detected with sufficient frequency for the 
analyte to become a radionuclide of potential concern.  
 
In addition, the USACE enhanced the Environmental Surveillance Program in 2008 to include 
analysis of strontium-90, plutonium, technetium, and tritium in three groundwater monitoring 
wells at NFSS. Two sets of results from these additional analyses are presented in Table 9-1 and 
9-2 of the 2011 Remedial Investigation Report Addendum. None of these radionuclides were 
detected in samples from these 3 wells.  
 
Furthermore, in the Fall of 2010, all groundwater, surface water, and sediment samples 
obtained as part of the Environmental Surveillance program were analyzed for strontium-90, in 
addition to other radiological parameters. This is explained in the May 2011 fact sheet, 
available on-line at:  
 
http://www.lrb.usace.army.mil/Portals/45/docs/FUSRAP/NFSS/Environmental/nfss-fs-
envsurvenhancements-2011-03.pdf  
 
Results from these analyses are found in the annual Environmental Surveillance Technical 
Memoranda for 2010 and 2011, also on-line:  
 
http://www.lrb.usace.army.mil/Missions/HTRW/FUSRAP/NiagaraFallsStorageSite.aspx 
 
In summary, the analytical results from the RI, RI Addendum, and ESP indicate that strontium-
90 is rarely detected in site media, and if detected, shows low concentrations well below any 
regulatory criteria, and does not pose a risk to human health and the environment.   
 
Comment-response #6: 
 
Comment 6: In the early 1990s the NFSS environmental surveillance program identified and 
investigated elevated beta contamination in groundwater. Radium, thorium, uranium and 
potassium were all eliminated as the source of the beta contamination.  
 
In the Remedial Investigation USACE detected beta contamination in groundwater on Modern at: 

  236 pCi/L in well MW-17 (gross beta) 
  497 pCi/L in well SP-2M (gross beta) 
  372 pCi/L in well PZ-8D (dissolved beta) 
2,340 pCi/L in well W-11 (total beta) 
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The NFSS and Modern were both used to store and dispose of KAPL waste. And the 
groundwater on both the NFSS and Modern show elevated gross beta. Review of SPRU 
analytical data appended to the Assessment reveals Strontium-90 and Tritium (beta) 
contamination of groundwater. 
 
Response 6: USACE will address groundwater quality at the NFSS during the feasibility study 
for the groundwater operable unit(OU), after surface remediation is complete. During the FS 
process for the groundwater OU, if USACE determines that specific isotopic analyses levels in 
groundwater exceed regulatory limits, USACE will address the contamination.  
 
As in Response 5, additional analysis of NFSS groundwater monitoring samples for strontium-90 
and other radioisotopes will be performed. The USACE will be evaluating the nature and extent 
of groundwater contamination using isotopic specific analyses, not gross beta results. The 
USACE Buffalo District currently has enough isotopic analyses to evaluate the nature and extent 
of groundwater impacts on NFSS and will not be relying on gross beta analysis to make these 
determinations. Gross beta may be indicative of the presence of naturally occurring radionuclide 
constituents such as potassium-40, for example. 
 
Comment 7: The remediation work at the KAPL SPRU facility also raises the question of 
whether Cesium-137 should be used as an indicator of Strontium-90 and other KAPL waste 
contaminants. Cesium-137 has been found to adhere strongly to soil, whereas other 
contaminants, such as Strontium-90, migrate much more easily and have been found in 
groundwater. The apparent lack of Strontium-90 on the NFSS and Vicinity Properties is likely to 
be due to a failure to target locations where strontium exists, since Cesium-137 and Strontium-90 
would only be co-located in the securely contained KAPL wastes, not in the areas of spills and 
ground disposal. 
 
Response 7: The statement that the apparent lack of Sr-90 is likely due to a failure to target 
locations where Sr-90 exists assumes that DOE investigated only contaminated areas. Also it 
assumes that strontium would only be co-located in secure containment and not in disposal areas 
and areas of spills. Initial FUSRAP investigations adhered to existing DOE and U.S. Nuclear 
Regulatory Commission guidance. Survey design was based the assumption that a site was 
contaminated in its entirety until negative sampling and survey data proved otherwise. Site-
specific survey plans described limits and standards, data requirements, instrument selection, 
sampling schemes, analytes, and other project parameters and specifications based on process 
knowledge, waste characteristics, and historical information about each site in particular. Initial 
surveys included systematic sampling of the affected areas at the site and areas with no apparent 
contamination and were supplemented with biased sampling in areas with elevated gamma 
activity, including the incineration areas on VPs N/N' and H'. Analytical results from work by 
the USACE indicated very limited detection of Sr in any of the media addressed. DOE concludes 
that both USACE and the early DOE work arrived at the same conclusion that Sr and Cs were 
together in the KAPL waste and that the Cs was an adequate surrogate for removing the waste.  
 
Please refer also to information regarding additional Sr-90 analysis for recent Environmental 
Surveillance sampling provided in Response 5. 
 
Comment 8: The NFSS Remedial Investigation located several abandoned chemical drums on 
the NFSS and Vicinity Property G. One drum contained elevated uranium and traces of 
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Americium-241, which pointed to it being part of the SPRU wastes sent to the site from KAPL. 
This type of waste was not reviewed in the current assessment. Discrepancies also exist between 
the number of drums of mixed fission product waste quoted in the review, compared with the 
actual number sent to the site.  
 
The DOE review should encompass all of the types and quantities of KAPL wastes stored and 
disposed of at the NFSS and the NFSS Vicinity properties. 
 
Response 8: See Response to Comment 1. Determining discrepancies in shipments of drums or 
addressing the findings by the USACE was not the purpose of the report. The purpose of the 
assessment report was to determine if residual contamination from the KAPL waste stream 
remained at the former LOOW as shown by final radiological conditions. The report 
accomplished this by examining the results of historical investigations of KAPL waste storage 
and handling locations and comparing those results to the results of the DOE cleanup during the 
1970s and 1980s at those locations and across the entire site to determine if all locations were 
adequately remediated. The Drum contents were determined by the USACE certified lab to be 
natural and not enriched Uranium which is not characteristic of KAPL enriched wastes. 
Americium 241 was detected in minor amounts and the origin within the drum is unknown. 
However, Americium was determined not to be an Radionuclide Of Concern (ROC) by the 
USACE due to the limited detections and concentrations on the NFSS. 
 
Vicinity Property G is still an active Vicinity Property and will be addressed by the USACE.  
 
Correspondence 2, dated 4/04/2012:  
 
Comment 9: I am attaching a 1958 monograph by D. A. Manieri and W. H. Truran, 
"Radioactive Waste Disposal at Knolls Atomic Power Laboratory", which contradicts the 
characterization of the KAPL wastes sent to LOOW as low level. Page 2 of the document 
describes high level and intermediate solid wastes being canned and drummed and high level 
liquid waste being processed to produce drummed slurry. The term low level waste only applies 
to boxed solid waste and liquid waste which was released to the sewer at KAPL. 
  
In summary, high level solid waste is packaged in aluminum tubing containers and placed within 
lead casks. Intermediate level solid waste is packaged in 55 gallon carbon steel drums (page 6). 
 
Note, the monograph does not specify the type of drums to be used for radioactive slurry from 
the processing of high level liquid waste, but documentation (which I will send) consistently 
shows stainless steel drums were used, probably because the slurry was more aggressive than the 
solid waste. 
 
The September/October/November 1951 Waste Disposal progress Report for KAPL records an 
overall average radiation level of 1,190 mr/hr per slurry drum.  
 
Document – radioactive waste disposal at KAPL March 1958. 
 
Response 9: The 1958 monograph is specific to waste-handling practices at the Knolls location 
in Schenectady and does not discuss any shipments to the LOOW, other than it was being 
evaluated as a storage location for all low-level and combustible waste. This corroborates 
information from DOE staff at KAPL in Schenectady, New York, that only low-level waste was 
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sent to LOOW. DOE’s Land Area Historical Site Assessment for the Separation Process 
Research Unit (SPRU) Disposition Project (DOE 2006) states that all high-level waste remained 
at the KAPL facility in underground tanks until a permitted disposal facility became available. 
The objective of the 1958 monograph was to describe the waste-handling and waste disposal 
practices developed at the KAPL Schenectady facility as an example for industry. It emphasizes 
the extensive safety and protective measures necessary for handling and disposing of different 
levels of radioactive wastes.  
 
The aluminum cladding was evaluated as a shipping method prior to 1954, to ensure safe 
shipment of uranium slugs to locations for separation. This shipping evaluation led the SPRU to 
separate the uranium and plutonium from its shipping container by dissolving the aluminum 
from around the uranium and then separating it out. All high-level (solid and liquid) waste from 
the process was stored at the KAPL facility in underground tanks adjacent to Building H2 from 
the shutdown in 1954 until October 1964 (1965 GE to USAEC SNR Manager Correspondence), 
when the waste was finally processed and shipped to a Kentucky disposal facility. Separated 
plutonium was shipped to Los Alamos National Laboratory. The quantity of plutonium was very 
small because the project was a pilot-scale effort. All low-level wastes had been shipped for 
temporary storage at the LOOW until final disposition in 1958 at Oak Ridge.  
 
Correspondence 3, dated 4/05/2012:  
 
Comment 10: Please find attached a report re. the first shipment of KAPL wastes sent to 
LOOW. The report refers to stainless steel slurry drums. In addition to the 191 stainless steel 
slurry drums received at LOOW, the shipment included 217 carbon steel drums. 
 
Response 10: The document is Scan 0106, a waste shipment report. It mentions stainless steel 
slurry drums. The document will be added to the references section of the assessment report.  
 
Comment 11: On page 12 of "Assessment of Historical Knolls Atomic power Laboratory Waste 
Storage Locations, NFSS FUSRAP Site, Lewiston New York", February 2012, only the drums of 
slurry sent to LOOW (394 drums in total) are addressed. The radioactive content of wastes sent 
in carbon steel drums (intermediate solid waste according to the 1958 Manieri and Truran 
monograph) is not addressed. 
  
Response 11: Radiation survey and analytical results from the early assessment and remediation 
of the vicinity properties does not support the receipt of any intermediate-level or high-level 
waste from the KAPL facility at the LOOW. This is also supported by analytical data from 
ongoing work performed by USACE at the main holding areas on the NFSS.  
 
Comment 12: Particular concern was expressed about the carbon steel drums, because they 
deteriorated more than the stainless steel drums.(see attached) The contents of the carbon steel 
drums has not been addressed. 
 
Documents – scan 0010_KAPL waste disposal letter 
 – scan 0106_waste ship report 
 – scan 0107_liq waste disp memos 
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Response 12: The Background and Resurvey Report (Aerospace Corporation 1982) discusses 
the deterioration of the buildings and the weathering of the containers, which necessitated 
moving the waste from location to location within the Baker Smith Shops area (NFSS proper, 
currently being addressed by USACE) until final repackaging and shipment to Oak Ridge in 
1958. If the contents of the containers had leaked it would have been detected during subsequent 
investigations and remedial actions as reflected in the final conditions at the vicinity properties 
and as determined by the USACE work on the NFSS.  
 
Correspondence 4, dated 4/05/2012:  
 
Comment 13: As discussed at the March 28, 2012 USACE NFSS public workshop, please find 
attached an AEC trip report from 1960. The report references photographs of the 512 acres of 
AEC land at the NFSS. Slides 9, 10, 11 and 12 refer to Schenectady wastes. I would very much 
like to see all 36 color slides, if you manage to locate them. 
 
Document – scan 0108_boron plant trip report 
 
Response 13: DOE searched readily accessible LM record holdings and could not locate the 
trip report or the photos associated with it. DOE also performed a search of index materials for 
the potential Records Group 326 AEC/MED accessions at the NARA facility in Atlanta based on 
research of records associated with the NFSS/LOOW and the Boron Plant but was not successful 
in locating the trip report. It may be located at DOE Headquarters archives in Washington.  
 
If a trip report, correspondence, or draft document was not considered pertinent to determining 
site eligibility or to supporting remediation or verification activities, FUSRAP staff would not 
have copied it into FUSRAP records. The trip report likely was retained by the contractor for the 
Boron Plant or was sent to the National Archives as a historical record. DOE believes that the 
assessment of site records to determine whether KAPL residuals remain at the former LOOW 
must focus on final radiological conditions; therefore, the DOE research concentrated on 
records of LOOW assessment, remediation, and verification performed by DOE in the 1970s, 
1980s, and current findings on the NFSS by USACE.  
 
Correspondence 5, dated 4/11/2012: 
 
Comment 14: Please find attached the waste profile for the contents of an abandoned drum 
found on the NFSS during the 1999 - 2003 USACE NFSS Remedial Investigation field work. 
Analysis of the drum contents reveals high levels of uranium and a small amount of 
americium-241. Historical documentation records that KAPL waste sent to LOOW included 
drums of uranium residue. The recent DOE review of KAPL wastes does not reference this 
discovery. 
 
Document – NFSS waste profile drum 1 
 
Response 14: See Responses 1 and 8 describing the purpose of the KAPL assessment report. The 
assessment report will be revised to discuss this finding by the USACE-Buffalo district, and the 
report will be added to the bibliography. Analytical results for the drum identified as “Drum1-
2451” are reported in Table 4-3 of the USACE 2007 RIR for the NFSS.  
 
Please see Response 8. 
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Correspondence 6, dated 4/11/2012: 
 
Comment 15: The USACE Remedial Investigation Report Addendum contains several KAPL 
historical documents, including waste manifests for KAPL wastes sent to Oak Ridge from 
LOOW. See Appendix 12A. 
  
Review of the shipment manifests for KAPL waste sent from LOOW reveal no boxes of 
combustible waste left LOOW. The fact that no combustible waste left the site, leads to the 
conclusion that all combustible KAPL waste, including plutonium contaminated waste, must 
have been burnt on the LOOW site. I'm attaching the documents which detail the burning 
operation and the difficulties encountered by Hooker personnel in identifying plutonium 
contaminated packages.  
 
There was clearly intent to identify and ship plutonium contaminated waste to Oak Ridge, but the 
waste manifests contradict this. KAPL personnel confirm that all of the combustible waste was 
burnt at LOOW. 
 
Documents  – scan 0013_burn KAPL waste conf notes 
 – scan 0014_Pu in waste letter 
 – scan 0015_disp unmarked packages conf notes 
 
Response 15: The historical record states KAPL combustible wastes that were properly labeled 
and did not exceed 6 mR/h were incinerated at two locations from 1952 to 1958, and the ashes 
were packaged in 70 or 55 gallon drums and stored for later shipment to Oak Ridge for disposal.  
 
As further detailed in the commenter’s scanned reports, there was a specific procedure in the 
April 7, 1958, conference notes (Scan 0015). The notes state that, if labeling was not legible or if 
the combustible materials exceeded 6 mR/h, then the materials were not incinerated but shipped 
to Oak Ridge (refer to Attachment 8 of the 2005 correspondence from DOE to the New York 
Department of Health, Attachment I of the assessment report). Attachment 8 lists 12 
4 ft × 3 ft × 2 ft wood boxes and 346 wood boxes that were sent from LOOW to Oak Ridge. The 
list also includes drums of ashes stored since the incineration had started.  
 
Correspondence 7, dated 4/13/2012:  
 
Comment 16: Surface soil cesium-137 contamination, up to 59,000 pCi/g was identified on the 
NFSS prior to remediation. It is not known what levels of cesium-137 were present on VP H' 
prior to the first AEC clean up in 1972. However, cesium up to 33 pCi/g was still present 
in 1983.  
 
It is concerning that surface soil from a Vicinity Property, VP H', known to be associated with 
KAPL waste disposal was removed from that Vicinity Property PRIOR to DOE remediation. 
The reported use of the soil was as top soil in domestic yards in Lewiston and at a school in 
Niagara Falls. 
 
Please find the attached memo which documents the report of soil removal, prior to remediation. 
Is there a record of DOE follow up on the reported removal of soil from VP H'? The SCA 
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employee's statement is supported by documentation of radium-226 and cesium-137 being 
detected in top soil at Love Canal, (99th Street School).  
 
Document – scan 0109_E’H’ survey update 
 
Response 16: Please provide the source of the 59,000 pCi/g Cs-137 concentration.  
 
Cesium in concentrations up to 33 pCi/g was still present in 1983. DOE performed additional 
remediation of this area in 1986 (DOE 1986), and based on the gamma surveys during 
verification, cesium activity did not exceed cleanup criteria established for the vicinity properties 
(ORAU 1989).  
 
There is no evidence of contaminated waste burial on the Vicinity Property H′ prior to 1972. 
However, scrap metal storage and waste incineration operations were performed on a pad on 
the eastern portion of the site prior to 1954 (Location and Delineation of Radioactivity 
Mathieson Navy Area, 1954). A 1971 decontamination survey did identify radiation levels of 
20-50 µR/h on this portion of the property (AEC 1973). As part of the 1971 decontamination 
effort, approximately 35,000 cubic feet of contaminated soil and material was removed from H′ 
(excavating from 10 to 30 feet deep), which could potentially explain the scattered low or 
shallow depressions observed south of the railroad tracks during the 1983 Comprehensive 
Radiological Survey by Oak Ridge Associated Universities (ORAU 1983). This soil was 
stockpiled adjacent to the current IWCS location.  
 
A 1972 aerial survey of the entire LOOW and surrounding areas by EG&G did not identify 
significant gamma radiation levels on VP-H′ (AEC 1972) or the surrounding areas. A mobile 
scan van survey by Oak Ridge in 1980 did confirm above-background radiation levels along M 
Street, Wesson Road, and 5th Street. The radiation levels were attributed to slag used as bedding 
material for the roads (ORAU 1981). 
 
An additional report in 1981 provides information on follow-up surveys at the 93rd Street 
School, 99th Street School, 66th Street School, Niagara Falls Catholic School, and the south 
section of Love Canal (ORNL 1981). Results indicated that several locations in Niagara Falls 
contain areas of low-level contamination (15–20 times background) that were once or are 
presently covered with asphalt and have a bedding of slag (cyclowollastonite). The report also 
discusses elevated Cs-137 (8.4 and 15 pCi/g) found in a depression near where runoff had 
accumulated on the asphalt at the 99th Street School site. The Cs-137 could not be associated 
with other potential waste streams in the area and was determined through further analysis to be 
associated with fallout from nuclear testing from the cold war era. Soils were rumored to have 
been transported from the LOOW to the 99th Street School to cover chemical waste pits; 
however, this rumor was later refuted by the excavator, who stated that the soils excavated from 
the pits were used to backfill the pits. 
 
DOE does not believe there is KAPL waste at these locations, and State officials have not 
presented DOE with information to support an assertion that KAPL material was removed from 
LOOW to these locations.  
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Correspondence 8, dated 4/13/2012:  
 
Comment 17: Reference the February 2012 Report, "Assessment of Historical Knolls Atomic 
power Laboratory Waste Storage Locations Niagara Falls Storage Site, FUSRAP Site Lewiston, 
New York", please note that KAPL contamination on Modern property N/N' North is 
underestimated on page 19 of the report. 
  
Response 17: Please see the report titled Post Remedial Action Survey, Property of Modern 
Landfill Inc., Former LOOW Site, Lewiston, NY (ORAU 1981). Appendix D, page D-6, states: 
“In Summary, portions of the Modern Landfill property at the former LOOW site are 
contaminated with low-level residues consisting of cesium-137, strontium-90, and naturally 
occurring radionuclides. Although this contamination is capable of producing slight radiation 
exposures to persons on this property, these exposures are well within the scientifically based 
guidelines, and risks to such persons are negligible.” 
  
Comment 18: Elevated cesium-137 up to 1,025 pCi/g was detected in biased surface soil 
samples, after the Eberline remediation, (69 pCi/g after subsequent soil removal) See pages 8 and 
9 and table 4. Limited analysis also revealed the presence of strontium-90 contamination, which 
would not be detected by gamma surveillance. The underestimation of cesium-137 and the 
failure to recognize Sr-90 as a contaminant of concern with respect to KAPL waste on the NFSS 
and Vicinity Properties are both significant oversights in the report. 
 
Document – NY 17-8 
 
Response 18: A summary of the Post Remedial Action Survey for Modern Landfill (ORAU 1981) 
will be added to the Modern Landfill section in the assessment report following the discussion on 
the Eberline work. Page 12 of the 1981 Eberline document concerning the Modern landfill Post 
Remedial Activities states: “In all cases results of samples analyzed for 137Cs and 90Sr were 
lower than guidelines adopted by the Department of Energy for cesium and strontium soil 
concentrations associated with FUSRAP.  
 
Correspondence 9, dated 4/20/2012: 
 
Comment 19: Many thanks. I do have a couple of questions for USACE on more recent KAPL 
waste detections, before I can complete my review: I'll follow up with USACE as soon as 
possible and copy you. It would be helpful for the public to better understand the process by 
which reports such as the KAPL report are written and reviewed. Please answer the following 
questions for me. 
 
How was information used in the report gathered? 
 
Was the draft KAPL report reviewed by other agencies, outside DOE, before being released to 
the public for comment in mid-February, 2012? 
 
If so, which agencies were given access to the KAPL report and when?  
How long was the period of internal review for the KAPL report?  
  
Reference the documentation I already submitted, has DOE managed to track down the slides 
showing KAPL waste stored on the NFSS in late 1960? According to the records, KAPL waste 
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shipments to Oak Ridge began and ended in 1958, so KAPL waste left on the NFSS in 1960 
would have remained on site and likely been incorporated into the IWCS. 
  
I appreciate the offer of a comprehensive response to all my comments and questions, but it 
would be far more useful, if DOE answered those questions it has answers to and responded to 
those comments it is able to respond to, as we progress. Two way dialogue is far more effective 
and helps build public confidence in an open and transparent DOE.  
 
Response 19: In a message dated 4/25/2012 4:25:41 P.M. Central Daylight Time, 
FUSRAPinfo@lm.doe.gov writes: 
 
Ann, thanks for including us in your communications with USACE. To answer your first 
question, we reviewed historical site documentation available in the DOE Legacy Management 
Considered Sites Database (CSD) and Considered Sites Library (CSL), as well as research into 
files at the NARA facility in Atlanta. We also reviewed the USACE Remedial Investigation 
Report and Remedial Investigation Addendum for the NFSS.  
 
The draft KAPL report was offered for review to the DOE Office of Environmental Management 
Schenectady office, EPA, USACE, NY Department of Health, and the NY Department of 
Environmental Compliance. After an internal and interagency review of approximately 3 to 
4 months, DOE addressed and incorporated comments from the reviewers, and released it to the 
public in February 2012. 
 
In reference to the 1960 trip report you provided, so far we have not been able to find the slides 
associated with the trip report or the trip report itself in our CSD or CSL. We are continuing our 
search for these slides in other potential document collections and repositories, but it might help 
us locate them if you could tell us the source from which you obtained the trip report. If we can 
narrow down the collections to search, we will have a better chance of locating the slides. We 
are also researching definitive information on post-1958 KAPL waste shipments. 
 
We will try to answer your individual questions and respond to your comments as we are able; 
however, some of the questions and comments are interrelated, and we will best be able to 
respond to them collectively.  
 
Correspondence 10, dated 4/26/2012: 
 
Comment 20: Thank you. Have you been able to locate the groundwater investigation carried 
out for DOE in the early 1990's, as part of the NFSS environmental surveillance program? The 
detection of elevated gross beta in the lower groundwater led to an investigation to identify the 
cause. Radium, thorium, uranium and potassium 40 were all eliminated as the cause of the beta 
contamination. At the time, the potential presence of beta emitting radioisotopes from KAPL was 
not considered., at least not according to the information made public.  
  
I'm attaching a copy of the Community LOOW Project report. Appendix H contains a list of 
reference document related to KAPL wastes at LOOW. Please check whether you have all the 
documents listed. 
 
Document – CLP final report Sept. 08 
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Response 20: DOE will need to review existing records for information about a groundwater 
investigation carried out for DOE in the early 1990s. However, DOE could provide a more 
accurate response given more information about the document or a specific title, date, or 
reference to the document. 
 
LM reviewed Appendix H of the September 2008 Community LOOW Project Report during 
preparation of the assessment report. The references are primarily correspondence and memos 
to file, which may or may not be in our records, depending on relevance to the eligibility, 
assessment, remediation, or verification of the properties.  
 
Please see information provided in Responses 5 and 6. 
 
Correspondence 11, dated 5/03/2012: 
 
Comment 21: Bob, NUMEC division of Atlantic Richfield operated the Boron-10 isotopic 
separation plant at Model City out of Niagara Falls for the US Atomic Energy Commission 
through the Oak Ridge Operations Office.  
  
Regarding the reported transportation of soil off VP H', have you found any record of DOE 
follow up? 
 
Response 21: See response 16 for discussion of the 1972 aerial survey and follow-up ground 
survey of NFSS and surrounding properties. 
 
Correspondence 12, dated 6/14/2012:  
 
Comment 22: The 1960 trip report came from a private collector, who had connections to the 
Boron-10 plant. I'm surprised DOE has not yet managed to locate the report with associated 
photographs and slides: these were important documents, relevant to the future use of the AEC 
portion of the LOOW site. The documents must be available in one of the DOE archives. 
 
The trip report documents the presence of KAPL wastes in 1960, more than a year after all of the 
KAPL wastes were reportedly sent to Oak Ridge. The presence of plutonium and fission 
products in the KAPL wastes is a source of ongoing concern to the surrounding community, so a 
record of plutonium and fission product wastes being left behind on the LOOW site, after the 
1958 remediation requires detailed follow up.  
 
Which available locations has DOE searched to date? Has DOE reviewed the Oak Ridge records 
with respect to KAPL wastes sent there from LOOW? What do these records show with respect 
to the quantities and timing of KAPL wastes sent to Oak Ridge from LOOW? 
 
Response 22: See response 13. DOE has looked at current holdings within our readily 
accessible records and at the NARA collection in Atlanta, which is publically available. DOE 
was not able to locate the 1960 trip report or its images at our known records locations. In order 
to locate this document we may need to broaden our search to the DOE Headquarters records. 
However, trip reports were not always copied to FUSRAP collections because they did not 
represent either final site conditions or supporting data for final site decisions. DOE is aware 
that some of its collections are incomplete and is continually searching for pertinent eligibility or 
remedial actions records at other records centers.  
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Correspondence 13, 6/14/2012:  
 
Comment 23: Reference your report, "Assessment of historical Knolls Atomic Power 
Laboratory Waste Storage Locations Niagara Falls Storage Site, FUSRAP Site, Lewiston, New 
York, February 2012, paragraph 3.2 on page 11 states that KAPL waste was shipped from LOSA 
(LOOW) from 1958 to 1960. However, the referenced summary in Attachment I, shows all 
8 shipments (14 boxcars) occurred between January 1958 and June 1958. Please explain why the 
report refers to waste shipment between 1958 and 1960. 
 
Response 23: Text in paragraph 3.2 on page 11 of the report has been changed to indicate that 
all KAPL waste was shipped in 1958, as shown in Attachment I.  
 
Correspondence 14, dated 6/20/2012:  
 
Comment 24: Since no additional record of KAPL waste shipment from LOOW to Oak Ridge 
has been identified, should we assume the KAPL wastes identified in the 1960 trip report 
remained on the NFSS? 
 
Response 24: DOE feels that the 1960 trip report by itself is insufficient to conclude that KAPL 
waste was stored on the NFSS after 1958. The description of the areas photographed on page 2, 
item 4, references the "Baker-Smith" area and describes it as “contaminated warehouses” but 
makes no reference to any waste being present. The captions for photos 10, 11, and 12 also 
describe the "Baker-Smith" areas and provide the associated building numbers for those 
warehouses. Based on the parenthetical statements in the other photo captions, the Army 
Schenectady waste description in parentheses appears to identify what waste stream had been 
stored in those buildings, although we haven't determined why it is described as "Army" 
Schenectady waste (we could find no connection between the Army and the AEC KAPL 
operation). There was a Schenectady Army Depot at that time, but we have not found any 
evidence that it was involved in any atomic energy activities. Caption 9, “Railroad Tract,” 
(Schenectady waste in grassless area) also appears to be an identification of what had been 
stored at that location or is referring to residual soil contamination.  
 
The USACE Remedial Investigation Report (USACE 2007) notes that KAPL residues were 
originally stored near a railroad spur and were later relocated to the identified buildings prior 
to being shipped to Oak Ridge for disposal.  
 
The preponderance of information states that all of the KAPL waste was shipped to Oak Ridge in 
1958. DOE believe that, without further documentation, the weight of evidence indicates that all 
packaged KAPL waste was shipped offsite in 1958. No definitive data are available to establish 
or suggest that KAPL waste remained at the NFSS, including the limited information offered in 
the 1960 trip report. USACE and DOE data indicate that no KAPL contaminants remain on the 
NFSS proper or the completed VPs in concentrations that exceed regulatory limits.  
 
We are continuing to look for any additional information, including the color slides you brought 
to our attention, and we are preparing additional responses to your other questions. However, 
the 1960 trip report would not have been considered a record that would be retained by the AEC 
and likely wouldn't have been included in the official record. Only final decision documents and 
the supporting data for those documents are retained as official records. Correspondence, 
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contracts, photos, and other historical documentation are typically sent on to NARA for 
evaluation for inclusion into the historical record, which is separate from the records that DOE 
maintains. We are continuing to follow up with NARA to determine if the trip report and slides 
are in their collection. In addition to responding directly to your questions, we will update the 
KAPL report based on any new information we identify, and we will attach pertinent new 
documents to the report.  
 
Attached to this e-mail is an excerpt from the 1982 background and resurvey recommendations 
report on what is now the NFSS conducted for DOE by the Aerospace Corporation of 
Washington, DC, which contains information concerning the disposition of the KAPL wastes 
(Aerospace Corporation 1982). The full document is not yet available for public release, but we 
will post it to the FUSRAP Considered Sites Database when we receive approval for the posting. 
Below is a copy of the appropriate section of the USACE Remedial Investigation Report 
(USACE 2007) for your reference. 
 
2007 USACE Remedial Investigation Report, pages 1–9: 

Other Wastes. In the period from 1952 to 1954, wastes generated at the Knolls Atomic Power 
Laboratory (KAPL) were shipped to the NFSS. Records indicate that the shipments consisted of 
approximately 700,000 pounds of contaminated wastes including 676 wooden boxes and 394 
slurry drums. The contaminated materials included combustible and noncombustible solids 
stored in wooden crates and processing wastes stored in 55-gallon drums. The processing wastes 
contained some residual plutonium and fission product radioactivity (Cs-137, Sr-90) from a low-
level processing plant at Schenectady. It is estimated that 408 Ci of mixed fission products and 
0.63 Ci of plutonium were shipped to the site during this time period. The KAPL residues were 
originally stored near a railroad spur north of NFSS. Later, the wastes were moved to Buildings 
443, 444, 445, 446, 447 and 448 in the Baker-Smith area. Some of the waste was also stored in 
Building 401. These materials were transferred to the Oak Ridge Burial grounds during the late 
1950’s and most of the storage buildings were later destroyed (EA 1998).  

 
Correspondence 15, dated 7/17/2012:  
 
Comment 25: The 1960 trip report indicates that that not all KAPL waste packages were sent to 
Oak Ridge. Further indication that KAPL wastes remained at the NFSS after 1958 is given in the 
1995 annual environmental surveillance report for the NFSS (158-96-009. Rev 0, 
ESTM 1995-NFSS).  
  
"Residues stored in the WCS originated from sites other than NFSS. The WCS also contains 
contaminated rubble, uranium metal billets, combustibles stored in wooden crates, processing 
wastes stored in drums and contaminated soils and wastes excavated from onsite and 
offsite areas."  
 
page 2, paragraph 2. 
  
Combustibles stored in wooden crates is unique to KAPL wastes. Note, plutonium contaminated 
crates of combustibles were supposed to be shipped to Oak Ridge, but there is no record of crates 
of combustibles being shipped there from the NFSS/LOOW site. Review of the LOOW KAPL 
waste shipment manifests will confirm this.  
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Response 25: The reference to residues stored in the WCS from the 1995 annual environmental 
report is correct. DOE stockpiled the waste removed during the remediation of the vicinity 
properties in the area of the current IWCS prior to the actual construction of the waste 
containment structure. This material did come from the vicinity properties with a history of 
storage of KAPL waste, however, the stockpile of materials at the site of the future IWCS was 
scanned and found to be within regulatory limits prior to being placed into the constructed cell. 
A radiation survey of the spoils pile indicated a maximum reading of 3.5 mr/hr at 3 feet above 
the surface of the pile. In addition soil samples of the pile indicated only uranium and radium to 
be of significance (National Lead Company of Ohio 1977). However, these wastes represent a 
very small percentage of the waste in the IWCS and are minimal in risk compared to the other 
residues within the IWCS.  
 
During the time of KAPL storage, combustibles stored in wooden crates would not be 
characteristic of only one waste stream and therefore is not unique to KAPL wastes. All KAPL 
combustibles were incinerated if they met the established criteria prior the 1958 shipment and 
the ashes containerized and shipped along with the other shipments to Oak Ridge. Crates and 
other KAPL combustibles were only incinerated if they met the criteria of <6 mR/hr and were 
properly labeled.  
 
The IWCS is currently being addressed by the USACE Buffalo District under the Feasibility 
Study for the NFSS. 
 
Correspondence 16, dated 8/13/2012:  
 
Comment 26: When will the revised report "Assessment of Historical Knolls Atomic power 
Laboratory Locations, Niagara Falls Storage Site FUSRAP Site, Lewiston, New York" 
February 2012 be released?  
 
Will the revised report address KAPL SPRU processing wastes sent to LOOW in carbon steel 
drums? These processing wastes are distinct from the 394 stainless steel drums of mixed fission 
product slurry. The processing wastes in carbon steel drums appear were not addressed in the 
February 2012 report. 
 
Note the number of carbon steel drums sent to LOOW from KAPL far exceeded the 394 stainless 
steel drums (of slurry) sent. 
 
 According to the memo, Waste Storage, S. R. Sapirie, Oak Ridge to B. Sparks, Cleveland Area 
Office, September 3, 1954: 
 
" The most radioactive material (plutonium and fission product waste) is contained in 
steel drums." 
 
"The KAPL material can generally be divided into three different categories: 
 
             1. Combustibles stored in wooden crates 
 
             2. Non-combustibles boxed similarly 



 

 
U.S. Department of Energy NFSS–Assessment of Knolls Atomic Power Lab Waste Storage 
May 2013, Rev 3  Doc. No. S06763 
   Attachment III, Page 17 

             3. Slurry and processing wastes drummed in 55 gallon 
 
                 a.  stainless steel drums 
                 b.  carbon steel drums" 
 
"Wastes type 3, a and b, are stored in a building the condition of which is even worse than the 
buildings storing the boxed wastes. We understand that the drums contain highly radioactive 
wastes and the escape of this material from the confines of the stored drum could constitute a 
serious problem. Wastes type 3a in stainless steel drums would probably be safe if stored without 
building protection. This is because should a fire occur in these wooden buildings the contents of 
the drum being liquid could build up an internal pressure causing rupture due to the heat. 
Material type 3b stored in common iron drums is best stored in a structure even if it is wooden. 
The danger of release of contamination due to corrosion of the container appears greater than the 
danger of rupture under fire conditions." 
 
Response 26: The revised report should be available in May 2013. 
 
The carbon steel drums were addressed in the February 2012 draft within the text in discussing 
the shipments and again in Attachments I and II of the report. The carbon steel drums did 
outnumber the stainless steel drums in the inventories of waste shipped to the LOOW from 
KAPL. Any plutonium contaminated waste was first containerized in 1 gallon paint cans and 
then placed inside carbon steel drums essentially overpacking the contaminated materials for 
safer shipping and to provide additional shielding.  
 
The information provided by the stakeholder was reviewed in the writing of the February 2012 
version of the report and provided insight into the waste handling processes used during the 
1950s. The information was important from an historical aspect but is not indicative of the site 
conditions documented in the final reports from the remediation and verification of the vicinity 
properties.  
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From:
To: FUSRAPinfo
Cc: Darr, Bob (CONTR); Clayton, Christopher (HQ); Gillespie, Joey (CONTR); ambax@roadrunner.com;

billc313@yahoo.com; jbharrin@gw.dec.state.ny.us; Giardina.Paul@epamail.epa.gov;
kdjohnso@gw.dec.state.ny.us; jimitche@gw.dec.state.ny.us; annlyon16@aol.com

Subject: Comments on Assessment of Historical KAPL Waste Storage Locations NFSS,Feb 2012
Date: Wednesday, April 04, 2012 9:17:06 AM
Attachments:

Dear Mr Clayton,

Please find attached comments regarding," Assessment of Historical Knolls Atomic Power Laboratory
Waste Storage Locations, Niagara Falls Storage Site, Lewiston, NY", February 2012. Following discussion
with yourself and Mr. Bob Darr and Mr. Joey Gillespie at the USACE Public Workshop on March 28,
2012, it became clear that the assessment carried out to date was based on limited historical data.
Significantly more data exists, which I shall forward to Mr. Gillespie for his review, along with further
detailed comments.

Thank you,
Ann Roberts

mailto:Annlyon16@aol.com
mailto:FUSRAPinfo@lm.doe.gov
mailto:Bob.Darr@lm.doe.gov
mailto:christopher.clayton@hq.doe.gov
mailto:Joey.Gillespie@lm.doe.gov
mailto:ambax@roadrunner.com
mailto:billc313@yahoo.com
mailto:jbharrin@gw.dec.state.ny.us
mailto:Giardina.Paul@epamail.epa.gov
mailto:kdjohnso@gw.dec.state.ny.us
mailto:jimitche@gw.dec.state.ny.us
mailto:annlyon16@aol.com



Ann Roberts

735 River Oaks Drive

Sheboygan Falls, Wisconsin 53085

Phone (920) 694-1494 Email: Annlyon16@aol.com



March 28, 2012



Mr. Christopher Clayton

Department of Energy Office of Legacy Management

FUSRAPinfo@lm.doe.gov 

 

RE: “Assessment of Historical Knolls Atomic Power Laboratory Waste Storage Locations, Niagara Falls Storage Site FUSRAP Site, Lewiston, New York, February 2012” (Assessment)





Dear Mr. Clayton,



The DOE Office of Legacy Management issued the above-referenced report in response to community concerns that Knolls Atomic Power Laboratory (KAPL) wastes from the Separations Process Research Laboratory (SPRU) had not been adequately addressed on the Niagara Falls Storage Site (NFSS) and surrounding Vicinity Properties (VPs) at the LOOW site, in Lewiston and Porter, New York. 



The above-referenced Assessment understates the types and amounts of nuclear reprocessing waste sent to the NFSS and Vicinity Properties.  Please accept the following comments.



KAPL wastes incorrectly characterized. 



The report findings appear to be based on the assumption that the predominant radionuclide in the KAPL wastes sent to the NFSS is Cesium-137 (Cs-137) with minor amounts of Strontium-90 (Sr-90) and Americium-241 (Am-241). However, this assumption is incorrect:



The processing of irradiated uranium at the KAPL SPRU facility produced mixed fission product waste containing approximately equal amounts of Cesium-137 and Strontium-90. Review of historical SPRU process documentation confirms that there was no separation of Cesium-137 and Strontium-90, with respect to the mixed fission product waste.



Waste profile information from the remediation of the SPRU facility reflects the preferential adherence of Cesium-137 to surface soils at the KAPL site, not the absence of Strontium-90 in the mixed fission product waste stream.



DOE’s KAPL waste analyses targeted only Cesium-137, not other contaminants of concern (The issue of plutonium may be addressed in future correspondence to you.)



Given that the disposal and storage of KAPL wastes on the NFSS and associated Vicinity Properties would be expected to result in both Cesium-137 and Strontium-90 contamination, why has Cesium-137 been identified as a contaminant of concern for the NFSS but not Strontium-90? The answer seems to be a lack of analyses.  Please consider the following:
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An investigative survey of the NFSS, performed by ORAU in 1986 and 1987 identified areas of elevated Cesium-137 up to 838 pCi/g, but not Strontium-90.  No Strontium analyses were performed on the samples.



Review of the radiological survey reports, prepared by ORAU in support of the DOE Formerly Utilized Sites Remedial Action Program reveals that only a very small fraction of survey samples, containing elevated Cesium-137, were analyzed for Strontium-90. Note Strontium-90 was detected up to 111pCi/g.



No Strontium-90 analyses were performed for verification survey samples.



Similarly, for the USACE’s NFSS Remedial Investigation and Remedial Investigation Addendum, Strontium-90 analyses were extremely limited and added as an after-thought, only after Cesium-137 had been identified as a radionuclide of concern for the NFSS.



Impact of KAPL waste on groundwater not addressed.



In the early 1990s the NFSS environmental surveillance program identified and investigated elevated beta contamination in groundwater. Radium, thorium, uranium and potassium were all eliminated as the source of the beta contamination. 



In the Remedial Investigation USACE detected beta contamination in groundwater on Modern at:

   236 pCi/L in well MW-17 (gross beta)

   497 pCi/L in well SP-2M   (gross beta)

   372 pCi/L in well PZ-8D  (dissolved beta)

 2,340 pCi/L in well W-11 (total beta)



The NFSS and Modern were both used to store and dispose of KAPL waste.  And the groundwater on both the NFSS and Modern show elevated gross beta.  Review of SPRU analytical data appended to the Assessment reveals Strontium-90 and Tritium (beta) contamination of groundwater.



 Validity of Using Cesium-137 as an indicator of all KAPL waste contaminants.



The remediation work at the KAPL SPRU facility also raises the question of whether Cesium-137 should be used as an indicator of Strontium-90 and other KAPL waste contaminants. Cesium-137 has been found to adhere strongly to soil, whereas other contaminants, such as Strontium-90, migrate much more easily and have been found in groundwater. The apparent lack of Strontium-90 on the NFSS and Vicinity Properties is likely to be due to a failure to target locations where strontium exists, since Cesium-137 and Strontium-90 would only be  co-located in the securely contained KAPL wastes, not in the areas of spills and ground disposal.



KAPL Waste Remaining on Site.

 

The NFSS Remedial Investigation located several abandoned chemical drums on the NFSS and Vicinity Property G.  One drum contained elevated uranium and traces of Americium-241, 
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which pointed to it being part of the SPRU wastes sent to the site from KAPL. This type of waste was not reviewed in the current assessment. Discrepancies also exist between the number of drums of mixed fission product waste quoted in the review, compared with the actual number sent to the site. 



The DOE review should encompass all of the types and quantities of KAPL wastes stored and disposed of at the NFSS and the NFSS Vicinity properties.



I look forward to your reply.



Thank you. 





Sincerely,







Ann Roberts





cc: LOOW RAB

U.S. EPA

NYS DEC
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Ann Roberts 
 
March 28, 2012 
 
Mr. Christopher Clayton 
Department of Energy Office of Legacy Management 
FUSRAPinfo@lm.doe.gov  
  
RE: “Assessment of Historical Knolls Atomic Power Laboratory Waste Storage Locations, Niagara 

Falls Storage Site FUSRAP Site, Lewiston, New York, February 2012” (Assessment) 
 
 
Dear Mr. Clayton, 
 
The DOE Office of Legacy Management issued the above-referenced report in response to 
community concerns that Knolls Atomic Power Laboratory (KAPL) wastes from the Separations 
Process Research Laboratory (SPRU) had not been adequately addressed on the Niagara Falls 
Storage Site (NFSS) and surrounding Vicinity Properties (VPs) at the LOOW site, in Lewiston 
and Porter, New York.  
 
The above-referenced Assessment understates the types and amounts of nuclear reprocessing 
waste sent to the NFSS and Vicinity Properties.  Please accept the following comments. 
 
KAPL wastes incorrectly characterized.  
 
The report findings appear to be based on the assumption that the predominant radionuclide in 
the KAPL wastes sent to the NFSS is Cesium-137 (Cs-137) with minor amounts of Strontium-90 
(Sr-90) and Americium-241 (Am-241). However, this assumption is incorrect: 
 
The processing of irradiated uranium at the KAPL SPRU facility produced mixed fission product 
waste containing approximately equal amounts of Cesium-137 and Strontium-90. Review of 
historical SPRU process documentation confirms that there was no separation of Cesium-137 
and Strontium-90, with respect to the mixed fission product waste. 
 
Waste profile information from the remediation of the SPRU facility reflects the preferential 
adherence of Cesium-137 to surface soils at the KAPL site, not the absence of Strontium-90 in 
the mixed fission product waste stream. 
 
DOE’s KAPL waste analyses targeted only Cesium-137, not other contaminants of concern 
(The issue of plutonium may be addressed in future correspondence to you.) 
 
Given that the disposal and storage of KAPL wastes on the NFSS and associated Vicinity 
Properties would be expected to result in both Cesium-137 and Strontium-90 contamination, why 
has Cesium-137 been identified as a contaminant of concern for the NFSS but not Strontium-90? 
The answer seems to be a lack of analyses.  Please consider the following: 
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An investigative survey of the NFSS, performed by ORAU in 1986 and 1987 identified areas 
of elevated Cesium-137 up to 838 pCi/g, but not Strontium-90.  No Strontium analyses were 
performed on the samples. 
 
Review of the radiological survey reports, prepared by ORAU in support of the DOE 
Formerly Utilized Sites Remedial Action Program reveals that only a very small fraction of 
survey samples, containing elevated Cesium-137, were analyzed for Strontium-90. Note 
Strontium-90 was detected up to 111pCi/g. 
 
No Strontium-90 analyses were performed for verification survey samples. 
 
Similarly, for the USACE’s NFSS Remedial Investigation and Remedial Investigation 
Addendum, Strontium-90 analyses were extremely limited and added as an after-thought, 
only after Cesium-137 had been identified as a radionuclide of concern for the NFSS. 
 

Impact of KAPL waste on groundwater not addressed. 
 
In the early 1990s the NFSS environmental surveillance program identified and investigated 
elevated beta contamination in groundwater. Radium, thorium, uranium and potassium were all 
eliminated as the source of the beta contamination.  
 
In the Remedial Investigation USACE detected beta contamination in groundwater on Modern at: 

   236 pCi/L in well MW-17 (gross beta) 
   497 pCi/L in well SP-2M   (gross beta) 
   372 pCi/L in well PZ-8D  (dissolved beta) 
 2,340 pCi/L in well W-11 (total beta) 

 
The NFSS and Modern were both used to store and dispose of KAPL waste.  And the 
groundwater on both the NFSS and Modern show elevated gross beta.  Review of SPRU 
analytical data appended to the Assessment reveals Strontium-90 and Tritium (beta) 
contamination of groundwater. 
 
 Validity of Using Cesium-137 as an indicator of all KAPL waste contaminants. 
 
The remediation work at the KAPL SPRU facility also raises the question of whether Cesium-
137 should be used as an indicator of Strontium-90 and other KAPL waste contaminants. 
Cesium-137 has been found to adhere strongly to soil, whereas other contaminants, such as 
Strontium-90, migrate much more easily and have been found in groundwater. The apparent lack 
of Strontium-90 on the NFSS and Vicinity Properties is likely to be due to a failure to target 
locations where strontium exists, since Cesium-137 and Strontium-90 would only be  co-located 
in the securely contained KAPL wastes, not in the areas of spills and ground disposal. 
 
KAPL Waste Remaining on Site. 
  
The NFSS Remedial Investigation located several abandoned chemical drums on the NFSS and 
Vicinity Property G.  One drum contained elevated uranium and traces of Americium-241,  
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which pointed to it being part of the SPRU wastes sent to the site from KAPL. This type of waste 
was not reviewed in the current assessment. Discrepancies also exist between the number of 
drums of mixed fission product waste quoted in the review, compared with the actual number 
sent to the site.  
 
The DOE review should encompass all of the types and quantities of KAPL wastes stored and 
disposed of at the NFSS and the NFSS Vicinity properties. 
 
I look forward to your reply. 
 
Thank you.  
 
 
Sincerely, 
 
 
 
Ann Roberts 
 
 

cc: LOOW RAB 
U.S. EPA 
NYS DEC 



From:
To: Gillespie, Joey (CONTR)
Cc: FUSRAPinfo
Subject: Mischaracterization of KAPL waste sent to LOOW as low level
Date: Wednesday, April 04, 2012 10:51:00 AM
Attachments: radioactive waste disposal at KAPL March 1958.pdf

Dear Mr. Gillespie,

I am attaching a 1958 monograph by D. A. Manieri and W. H. Truran, "Radioactive Waste Disposal at
Knolls Atomic Power Laboratory", which contradicts the characterization of the KAPL wastes sent to
LOOW as low level.
Page 2 of the document describes high level and intermediate solid wastes being canned and drummed
and high level liquid waste being processed to produce drummed slurry. The term low level waste only
applies to boxed solid waste and liquid waste which was released to the sewer at KAPL.

In summary,

high level solid waste is packaged in aluminium tubing containers and placed within lead casks
intermediate level solid waste is packaged in 55 gallon carbon steel drums (page 6)
Note, the monograph does not specify the type of drums to be used for radioactive slurry from the
processing of high level liquid waste, but documentation (which I will send) consistently shows stainless
steel drums were used, probably because the slurry was more aggressive than the solid waste.

The September/October/November 1951 Waste Disposal progress Report for KAPL records an overall
average radiation level of 1,190 mr/hr per slurry drum.

Ann Roberts

mailto:Annlyon16@aol.com
mailto:Joey.Gillespie@lm.doe.gov
mailto:FUSRAPinfo@lm.doe.gov
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This is one of a series of monographs prepared to encourage industrial 
interest in atomic energy. The views expressed herein are entirely those 
of the authors. Contents of this publication are not copyrighted. Re- 
printing is encourage& however, appropriate credit to the authors and 
citation of "The Industrial Atom" as the source will be appreciated. 
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DISCLAIMER 
 


This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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DIOACTIVE WAST DISPOSAL 
AT KNOLLS ATOMIC 


L 


POWER LABORATORY 
D. A. Manieri ahd W. H. Truran 


... 


The bright prospects for the futurp growth of the nuclear energy busi- 
ness is now a popular subject for discussion by interested laymen and 
responsible heads of industry and government. In such discussion, ra- 
dioactive waste assumes a position of increasing importance. 


The hazards nuclear radiatio perhaps better publicized 
and ,respected, gh not necessa tood, than even those of 
the automobile. Cont ste disposal practices is re- 


For this reason, considerable effort is being spent 6y government and 
participating industry to evaluate waste-disposal methods. In this 
paper particular c ste disposal and en- 
vironmental monit 011s Atomic Power 
Laboratory, near Sdhe and Development 
Laboratory operat Commission by the General 


r quired by industries s s b  to promote public safety. 


originate with the use of 
e Roman Empire 


ght expect, then, 


either case wastes are ultimately discharged to the ground, surface 
water, o r  atmosphere, and it is the presentation of toxic elements to 
the public from these receivers which must be controlled (see Fig. 1). 
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SOURCE 


Nuclear Fuel, Fabricatton, and Reactor 
Operations 


Chemical, Physics, and Metallurgical 
Operations 
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aboratory. -, normal operation. _ _ _ _  
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It was realized when the Manhattan Engineering District, Army 
Corps of Engineers, undertook the development and production of t 
first atomic bomb that the operation of nuclear power plants would 
create unusual quantities of hazardous waste products. Exhaustive 
efforts employed to safeguard the public from these mat 
mendable in view of the pressures on with the wa 


sity to “Protect t and safety of the public” 
in the first Atomic Energy Act of 1946 and repeatedly 


required in the Atomic Energy Act of 1954, which authorized licensing 
and nonfederal ownership of nuclear facilities. The Atomic Energy 
Commission contractor operators are rectly responsible to the 
Commission for assuring public safe The operator, therefore, must 
adopt methods of operation to conta stes unacceptable for release 
beyond the limits of the plant site and to properly control radioactive- 


dling and packagin 


method allows for the 
per cent of the total a volume, by relatively inexpensive direct 


Compressi- 20,000 cu ft 


Noncom- 15,000 Cuft 


Low-level Waste 


proof,paper bags. Two cans are available at each collection point, 
one for compressible and the other for. noncompressible waste mate- 
rials. By far the greater original low-level waste volume is compressi- 
ble. Such waste is transferred to Dempster Dumpster containers (Fig. 2) 
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and trucked to the solid waste processing building where the volume 
is reduced 6 to 1 by a hydraulic baler (Fig. 3). An investigation of bal- 
ing or incinerating low-level waste has demonstrated baling to be ths 
simpler operation, requiring a lower operating cost and less capital 
investment. 


Noncompressible waste is transferred to cardboard or wooden boxes 
(Figs. 4 and 5), which are constructed to meet I.C.C. specifications and 
thus prepared directly for off-site shipment to burial grounds. 


Small volumes of waste presenting peculiar waste-handling problems 
because of their particular toxicity, such as plutonium, or their chemi- 
cal and physical state, such as sodium, are packaged in special inner 
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Fig. 4-Hot-waste boxes. 
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containers designed to meet I.C.C. regulations for transporting by 
public carrier. 


High-level Waste 


The high-level waste that requires shielding during the entire collec- 
tion, transfer, and storage procedure is packaged where generated in 
aluminum tubing containers and placed in lead casks by remote-handling 
equipment. The waste is then transferred to a storage area where the 
liners are deposited in holes in a concrete slab (Fig. 6). The demand 
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Fig. 6-Waste being deposited in concrete slab storage area. 


for costly high-level waste storage space is minimized by a more 
economical intermediate-waste storage area to which high-level waste 
may be removed after sufficient radioactive decay. 


Inter med io t e-leve I Waste 


The intermediate waste not requiring shielding during the entire 
waste handling procedure is packaged in 55-gal carbon steel drums by 
remote-handling equipment and placed in 1 -ft-thick concrete casks by 
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a fork-lift truck (Fig. 7). The waste is then transferred to a concrete 
shielded enclosure for temporary storage. After a sufficient period for 
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waste containing low-level concentrations of radioactivity has been 
practiced since the operation of the first water-cooled production re- 
actor, With the expected increase in the number of Public Utility Nu- 
clear Power Plants, the need for the disposal of cooling water will 







Initial loading of waste for box car shipment. 
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the Mohawk River Advisory Committee were satisfied prior 
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Although such disposal of waste may now be thought to be routine, 
opportunity is being taken to  increase the fund of technical know-how. 
By means of the waste tracer, the Mohawk River waste-dispersion 
characteristics are being studied, The influence of Laboratory waste 
on river-bed material, plankton, vegetation, and fish is being monitored. 
Such investigations require the technical qualifications of a chemist, 
biologist, and a health physicist. The sampling equipment includes an 
outboard motor powered catamaran (Fig. 14), a 75-ft seine for sampling 
adult fish (Fig. 15), a minnow tr clam bar, an Eckman dredge for 
sampling river-bed material, a Foerst water sample 
grating water sampler, and a plankton net. 


The results of control monitoring and aquatic biolo 
routinely reported to the AEC and the Mohawk River Advisory Com- 
mittee. Release of KAPL liquid waste to the Mohawk River has been 
without adverse effect on river utilization or aquatic life. 


DISPOSAL TO THE TMOSPHERE 


Radioactive materials in ventilation exhaust air may be in particulate 
or gaseous form, resulting from the venting of chemical process ves- 
sels, laboratory hoods, machining and metallurgical operations, etc. 
Filters, scrubbers, and chemical reactors are employed when required 
to reduce concentrations in exhaust air. Stacks may be used to increase 
atmospheric dilution. 


The exhaust stack effluent is sampled continuously and monitored for 
radioactivity concentrations. When airborne radioactive waste involves 
a variety of physical forms, a series of samplers is employed-a 
filter to collect and concentrate particular material, a scrubber to re- 
move chemically active gases, and a chamber which includes a beta 
gamma sensitive detector to continuously .monitor the inert radioactive 
gases. 


Fiiter and scrubber solution samples are assayed by Laboratory 
radiochemical techniques and electronic counting of radioactivity to 
determine concentrations of the various elements in the effluent air 
sampled. 


In order to assess the influence of ventilation waste discharged on 
the environs, monitoring stations are situated at appropriate distances 
from the points of discharge. Environmental monitoring stations are 
equipped to determine area radiation levels and concentrations of ra- 
dioactive materials in air, precipitation, soil, and vegetation. The 
stations are located generally in the directions of the four cardinal 
points of the compass with the source as the center, due regard being 
given to prevailing wind direction. Monitors and samplers at environ- 
mental monitoring stations include air filtering equipment, continuous 
area nuclear radiation detectors sensitive to .beta and gamma activity, ’ 


film dosimeters, and rain collection and measuring equipment (Figs. 16 
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Fig. 16--Monit sampling equipment. 


and 17). Soil and vegetation a 
ratory site. The samples of air content, rain, soil, and vegetation are 
analyzed in the Laboratory by radiochemical and electronic counting 
techniques. 


Background data at the site obtained before the start of operations 
improve the assessment of local operations influences on the environ- 
ment. Environmental monitoring data for KAPL through seven years 
before and during operation ated no significant exposure of 
the public over the exposure background radiation from 
Knolls Atomic Power Lab0 


rout inw 6 On and Off the 


.radioactive wastes from KAPL is considered with respect 
to the three physical categories of waste-solid, liquid, and airborne- 
and the three environmental recipients-ground, surface water, and 
atmosphere. Solid waste-handling includes monitoring radiation levels, 
segregation, collection, processing, packaging, storing if necessary, 
and shipping to a remote burial ground at the Oak Ridge National 
Laboratory. Liquid waste is collected by controlled drain systems, 
monitored for radioactivity content, and stored if necessary or re- 
leased to the Mohawk River. Exhaust air is cleaned before released 
and continuously monitored. The environment is monitored to assure 
safe and proper disposal of wastes. The cost of operations 
depreciation of facilities incurred by KAPL for disposing of radioactive 


of the Laboratory. 
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cost contaminated waste is less than 0.7 per cent per year of the 
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NYO-7830, Radioactive Waste Disposal Practic 
ergy Industry, A Survey sf the Costs. Arnold B. Joseph. Dec. 31, 1955. 
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THE INDUSTRIAL ATOM MONOGRAPHS 
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Order from Office of Technical Services, 
Department of Commerce, Washington 25, D. C. 


TID-8001 
($0.15) 


Proposed New Method of Wholesaling Fresh Meat Based on Pasteuriza- 
tion by Gamma Irradiation. L. E. Brownell, J. V. Nehemias, and J. J. 
Bulmer . 


TID-8002 
($0.20) 
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Facility Design Utilizing Gamma Radiation for Meat Pasteurization. 
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Steel for Nuclear Energy. R, C. Dalzell. 
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From:
To: Gillespie, Joey (CONTR)
Cc: FUSRAPinfo
Subject: Drummed KAPL wastes sent to LOOW not completely quantified
Date: Thursday, April 05, 2012 10:16:51 AM
Attachments: scan0010.pdf

scan0106.pdf
scan0107.pdf

Dear Mr. Gillespie,

Please find attached a report re. the first shipment of KAPL wastes sent to LOOW. The report refers to
stainless steel slurry drums. In addition to the 191 stainless steel slurry drums received at LOOW, the
shipment included 217 carbon steel drums.

On page 12 of "Assessment of Historical Knolls Atomic power Laboratory Waste Storage Locations, NFSS
FUSRAP Site, Lewiston New York", February 2012, only the drums of slurry sent to LOOW  (394 drums
in total) are addressed. The radioactive content of wastes sent in carbon steel drums ( intermediate
solid waste according to the 1958 Manieri and Truran monograph) is not addressed.

 Other documents refer to 1000 drums of KAPL waste being received at LOOW.(see attached)

 Particular concern was expressed about the carbon steel drums, because they deteriorated more than
the stainless steel drums.(see attached) The contents of the carbon steel drums has not been
addressed.

Ann Roberts

mailto:Annlyon16@aol.com
mailto:Joey.Gillespie@lm.doe.gov
mailto:FUSRAPinfo@lm.doe.gov
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It has become nec-as~ to disr;ose of the crmt<l!:l1.::':,:'ltcd ,notes fro~
K.;;'PL.·shi.chnre present.ly stol""ed -a-c t}:e Lake Gn"tario Orci.'"1ar:ce Storage
Site at r:iagara Falls, .N.Y. '.i:.!ese was t.es m~e o.f -t-.,;'O !Jajcr t:tpes n.-:rl
it .is p~nr..ed that each ~ll be handled in a sf::m~~at dif.feren't. l:'Ylnner••


First~ th~~re.tl.:t"e sen~ral hundred 41 x 4t X 4' wooden bOXG3 cc·ntaining
COr:ib>15tibl~ and non-ec:~ibu3tibla solids. :';.rr:m,-;e:nents ha~"e bBen n~e
m th om." conbracbor- at Ni:ag~a. li'alls:J ~he Eookcr G~er~ical Conp3n;T" to
burn' the co1;lbustibles and tb.ereb, rcd~tce t'he to~al volt.I4l9 o£ t:jGse
,..;ast~:3 trior to the shi?T-::ents to' Oak tlidge for b:lri-:.l.':: The Ee&lth
and 3.a.fety L.~·tor:J.t0rJ, NICO cletcl"mined ex;~~r:L~~t.;111ySO~~ti=9· ago
tMt tll.i.3 ccuLd be accO!Jpli3hed. "':iit~1oUt 3it;!uficant envirO~~8nt~l
cont':l.':lin:~ticn. r:'i3L ,;~,'illp.;..~o-vi(lB '~'1e ueccscar ..jr tle.:I.lth :~!:y-SiC3
::;iom tori ~g services CJlri1l:1tr:.ese b:;.:r:li:!g ocez..~tio.a::;~ 1 t ccc~rr~d
_\.. ).. ~ ~;" ::;'T ......•~..:s... ...•.._.::. ...•.t. _~. :lO'.l" r."o ••• " -.. .- "", ~~- '... ~ .•. ;;.. ~_~O us cnan :\.-,~w ::-:~J:;'.L"i.I oe J.i._~~~re:.,:..c~.1. J.!1 ';J...:.,.;~n:n~;· enc PQl'~';-:.~ps :.,..-l:\.l!]h G~J::ne
enT~-'"'''-'~''''~'''8"'m.-+O""';""'" .,...r.--!">~~-"'-·•.•nbs 1-'-~':">':- .i..h"~""Q l-.""""":t.·n~ ,-.n,-.~"·Hc·'''-.•. .,....L.-.\.. ••••..L.Mti ••_:_~~ _q.~ SJ • .:- ..!.,..l"'o •..•..• _;:.A,...,.,.JI•.•': _.·~"-4 ~::3. ~ •.•••~ -L..:.!.$.: ~.tl~V '- ~'-~ J 1.•. I- ~ ~ :-, ..--J.. -i." v~__ ~.1.:.."'")


a,n cormee caon 't~utI! ~rie B'T;ll~l~~lon ,,,);.l,~1~'!J_~~o.~~11~~".rn.st e l~';:~LdlL~~pro!')l.~S.
If t~'lere :is 'my such Dlt.e'!:"cst." arf'tlrlges:ellts/c[,n be made th!'ri~,!!l
~ •.t~ )! ...,_ r'" ';-.;,:;=t 1\.( •• _~~ ~::l'1- ~~~_..,,1, <7 •• .f.. ?J Y .1- •. ,:j. _tlc:::_l.:, ••ne, v.nJ...:...,_, ~;).~>~l.c.. .l.("_.:.....•.•.~ .•.",.• "':f"' ....' ~.i.tC\nSf.l;on, .•.• '" ,
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There ar-e also StJ~) lOCO drums or C:!-.rap-o!"ator sl:..trrj" i'.hich wer'o generated
in KA.?Us ~:-sta treutne!l't pla..T'li;••. (irra'1gB."!lents have been Dade for
Hooker Ch.~r.ri..c;>~~Ompat"'7 permml~l; .to load and ;;;"hip "ll o.f t:~ese drums
to Oak Ridge cC;:'l;:1enCil\-:; on or abon.t JamU!'y 0, 1953. Since Eooker
C'tle'T.l.cP~ Co:::p.ai1,1does not no·:;:T.l~JJ.7 .'i:,:tndle or Bhi-;>radicactiYu :natc:'t"ial
4-"1.. 'il' J..l.'" ., .- ~ '"hlJ.;.~e:r:;:t' !.'"e<..'!il1~SO~JeC~ii1pe\.l2~l>~·l::.aarce In w.~e prep;U·;1i;:l.On 01 ·"••eS9
~hip;ficnt3. Kn.:.:;:L rO:1tL.'1ely nakgs si::rl.lar =:;hlpments to' (}a~:~id~ and
has t~1.erefore had con9ide~dl)) ..e e:~~~"i(·;n~:~:;:!..tj:~ ~~!":ch.a~f:":·~C't~~~3lo~~~(~irs
-GOtiC;"'ii~7C H!a."!ir'~i~~~'hi~l(::in~ of t..1.erior-c .h1g:!1)- radioac::tlve Wl:-:10, -t.he
..::;....·<te~t to ~'it'.tit.-:hstacldng oi~ the druns is [)OJ sible" tpe ;)B.x·t5..nent I{~C
re~tlltfti;Jl"...s, 'Gh~Zlethod ot a!J;-;lyin~ £0:' '~'~f~clt:l?i~ciit5 ll"r~:'1ti~e
:Cnr~:.m 0": .~~Q10~1i:;e~->-,etc. i-!ooker fFrscnn~l -.trill· rsqu.ire tcchnic;~l
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o~~ sourees not experier.ced wi th thi.a type of shi?:;!ent. n-oper guidance
will. great.ly expedita t!la sr-..i;rment or these K:li'!. >ta.:.Jtes and .tha.~b-.r, -"..;....' '.


reduce the costs i....Trolved •.. It 1'.-ouldthe-""'efc..-e be gl"eat.l3- appreciat....""<l '.' ... "
:ll :IOU cculd """""!le Ear KAPLto ;;>ronde this assistance. />!:~_


kny additional info~tion rega..""'di..l'lgtbese &~ipnlents =.2.y be ob~ ..,
.fro.:t ';1rthur Schoen~ aes·::arch and Development. .ili.vi::sion:J ~::RO, or ...
~ llalona i.~Niagara Fills.
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0::; Fcl1;:'".:nry 3" 19)2" a total of: thirt~a:a &no. D.T>0co'h<lii' wrcr:~cirg day!'Ja by persQn:z:.::tl
r~'c-z: ,["1:~c;:~·tia:u S·~~r$,.~oVlt3:(~h()Us'0.l1 Inno Tho cpen:atiml -.m3 undt;')? tho r~~Ue.';=ion
CCIlt.:d'l, ·:)f ~ h5V,11:h.physi,C3 ropr:arwrrcati"l9 Q 2r;;;:·:HJnT,;,J:-'. in';olv;}d wo;r-i'l ;ouke"~ i:nettrr?;~
:ti~.~ L'!.dG~a.7 cOY$::,alls, Z"1.1obersp a:a.d gl07\!lSe 'fj:;a :t'Wo;r;in:U'4dos:!)""X"a~':;Q o:coOlJnt,!:re,d by
--,·~,..,,,o..,o,,,,'i' dU~'in,e. .;,re O·,,,,·••·'"at.,cn W;;,ii 200 l!'v'/~"" "~r"~' ii/I .• Gl'l"'r~;' d..-u"'1 Ho ""lll~ .•••~'_,:#&..,I u~~. ~. 0,1 ••.• '.#'~..Io 000- ~"....., ~ _.:. -.'.& _~ ·"-4' lo~.,;j _•..•.••.,") _ ~.' >:"".l!oo-


Po;-OOT2a:'. 'lO:·l'f;1I1.n1izmti on i7Jil13 tJn<:oun~rlSld an::! :L'O o(J~lr"':;'l)C3Ure$ occu:l"l'\i)dQ Tho
0;,;:pcOBd'~ r~cbrd ~f: th(.;l p$rSOlme~ i;; tabula'b?d in ~\t'b.?(~h:;£ln.t..A.Q Upon cooplation
tJf 'Gr~ 0p~f'~";;ion <the 0q1.dl?mnta 'l;'::-O lift tJ:",;~.:~and ·b:.~aC";:;I.",ir tran~l·b 't."a$ ch;)jckQU
to: oon taminntion am rol'3ao$t1o
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t;f:' s'?l:c1 ,;at) ,,>@leas~d() Th" z;:-aben'i2'J." indi ea~"ir3 J.-;~) d(~'';''jct[,-tl~alpt:.ft>~;r b1.)!:Qc·gmslliT:l
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• . UNITED STATES GOVERNMENT
•• \ Ij .,....,


"q,tficeMemorandum
(-"~/


J. w. Ruch, Director, Feed Materials Division
Oak Ridge Operations Office


)6"v0"
/


Please refer to your memorandum of D.ecember5 ,1921, concerning
the SUbject. We believe your suggestion for using over-sized light
weight steel drums for shipping purposes is most practical in our
case. Hooker is now placing an order for approximately 490 of
these drums, a total cost of around $1700.00


The handling cost should not exceed $1500.00 and transportation cost
using A~~ cars will be about $3000.00. There is a possibility of
our using warehousing, R & D or Production funds for this purpose,
however, we will leave the funding arrangements with this office.
We intend to call upon the NYOO Health and Safety people for advice·
and monitoring assistance in handling and transporting of this
material. Arrangements for receipt of material will be worked out
with Mr. Witkowski of ORNL.


As discussed with Art Schoen during my recent visit to Oak Ridge, we
are including in one of these shipments the two drums of cesium gaps
for burial at Oak Ridge.







UNfrEO STATES


ATOMIC ENERGY COMMISSION


INREPLV REFER TO:


ORB:JAL
oak Ridge" Tennessee
December20, 19>7


Ur40n Carbide Nilelear Company
Post Office Box P
Oak Ridge" Tennessee


Attention: Dr.• J. A. Swartout" Deputy Director
Oak Ridge National Laboratory


Subject: WASTEBu"RIAL- NIAGARA:FALISDRUMS


Gentlemen:
\


Contirming an informaJ. telephone conversa.tion .vi.th l..fr.. A. F• Rupp
of your organ.i~ation" tenta.tive pla.ns are being made t-o send. one
thousand drums of waste from. the Niagara Falls Site :to ORNLfdr
burial. . .


This '\'laste is composedof concentrated residues from chemical
processes at KAPLand should be in a highly viscous or sQlid state ..
All of the waste was chemically neutrali~ed pl';i.a;t' to it"s being ..-.~
sealed in $5 gallon drums. The level of.'r?-diation at the surface
of the drums'ranges from 500 mr/hr. to150!J'.mr/hr.


:i).IJ1I11-_·.~ ~~.. /:;'?vl tf:tmu200df the. drums ~re mild steel aI}d have been expoSed to the
e:I.emen for several years ••. As·~ reSUlt these drums.ar~ in an
extremely' poor condition anq;;'it"'is considered imperativ~' that they
be disposed of .,immediately..· .It ..is planned to place each of these
<iru1m> inside of a 65 gallon/steel dr'umcapable of containing the
waste. ' :


Tp,eN:i,~ara Falls Branch of the AEChas been advised to make
preliminary arrangements for this burial with Mr. E. J. Witkowski
of ORNt.
Costs incul'1::'edby ORbIt in disposaing of the drums are to be accumulated.
and transferred thrOu.ghthe current .accou.nt to QRO with th~iq.entii'i"
cation, ~or OROActivity 217011•


~ .•.. ·>f,t.'1,>iC"'.i~'-;:J t; .r ...,.~
~. ."







CC: C. E. 'Center, UONe (2)
R. C. Armstrong, ORO
J. '\1. Ruch, ORO c-..::-."-:o ..•... ~,-
L. D. MacKay,ORd'(~:~i[;
N.• A.. Shearon, ORO .
,F. W. Malo:ne,NiagaraFalls


~~ ..iB·r*/
Director
Research a.M Development Division


/)/
!~~
.:


;Y
i;~
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From:
To: Gillespie, Joey (CONTR)
Cc: FUSRAPinfo
Subject: color slides of AEC property August 1960
Date: Thursday, April 05, 2012 11:01:35 AM
Attachments: scan0108.pdf

Dear Mr. Gillespie,

As discussed at the March 28, 2012 USACE NFSS public workshop, please find attached an AEC trip
report from 1960. The report references photographs of the 512 acres of AEC land at the NFSS. Slides
9, 10, 11 and 12 refer to Schenectady wastes. I would very much like to see all 36 color slides, if you
manage to locate them.

Thank you,
Ann Roberts

mailto:Annlyon16@aol.com
mailto:Joey.Gillespie@lm.doe.gov
mailto:FUSRAPinfo@lm.doe.gov



Office Memorandum · UNITED STATES GOVERNMENT


FR.OM Fred E. Marsh, Jr., 1l'eedMaterials Division


SUBJECT: 'lRIP REPORT-- BORONMETALPLANT,NU.GARA:FALLS, NEWYORK-
AUGUST1 - 3, 1960


SYMBOL: OF:FEM


Reference: August 8, 1960, memorandumto 'IheFiles from Fred E.
Marsh, subject "Trip to BMP,and Adrian, Michigan -
August 1 ':" 4, 1960," symbol OF:FEM, in which a brief"
summarydescription of this trip was made.


'!he purpose of this trip was to evaluate the current standby status
of the BMPand storage area, because of the .initial OROresponsibility
in the standby action, ,and'because of a potential program requirement
for reactivating the plant. Although this potential requirement does
not now exist, the trip report and photographs are being documented
for future reference.


With Leo Graup, Chief, Property ManagementBranch, NewYork Operations,
the writer visited the Boron Metal Plant, accompanied by two maintenance
men who are assigned to the area by Olin Mathieson.


During the first day of the tour of the Niagara "Falls site visit, Graup
described the history of the site with details of the participation
of the AEC,Army, Air "Force and NaVyin the area. Piping diagrams
of the plant were obtained, and the piping network was traced start-
ing withtheetl1er plant, which was housed in a small building near
the boron plant •


•
'!he purpose of the seconddciy of the visit was to take pictures and
to study" the plant and area. "lhirtyblack-and-white pictures were
taken of the boron plant and thirty-six color pictures were taken of
the area surrounding the boron plant.







Rlant Description:


The Boron Metal Plant appeared to be in fair condition. Muchof the
eqp.ipment, mainly the instrumentation and the distilla tion columns,
are cocooned and reexamined periodically to determine if there is any
moisture-damage.. Manyof the pumps (perhaps 12 to 15) have been
grease'd and placed under a canvas.. The propess: piping has been placed
under 2' ps:ig nitrogen to keep water vapor out.


Someitems which are beginning to show results of corrosion or
deterioration are:


1.. Roof -- One of the roof leaks is directly over a 750,000 BTU!hr
heater.. Although no damage of equipment was evident, this type
of condition could cause serious deterioration •.


2. Pipe Flanges -- Most of the pipe flanges had signs of rust ••, This
could probably explain the nitrogen leakage in the process piping •.


3. Electrolytic Cells -- The electrolytic cells appeared to be
corroded ••, Boron was reduced to metal at this point and the
atmosphere during operation was quite corrosive. However, this
equipment does not represent a major portion of the plant invest-
ment; and corroded equipment could be replaoed at modest expense
if the plant were to be operated.>


Niagara Falls Site


Of the total 1,511 acres of government land in the Niagara Falls site,
512 acres is AECland, of which 26 acres is occupied by the Boron Metal
Plant •.


1. Arnwradar installation.
2. Cooling water reservoir (scrap storage area) •.
3.. Contaminated material storage area adjacent to the cooling water


reservoir.
4. flBaker-Smithli Area (contaminated warehouses) •.
5... Sewerage f13,oilities ••.
6,.. Radiumvault •.
7.. Old dynamite storage area.
8. Old AECoffice •.
9. K-65 storage t~mk (Belgium radium storage facility).


l)~, A base 300 to LJO a.cre area..
lL.,~ontardnatGd SC2D.p 111et.alstorage area next to the railroad tract.







The BoronMetal Plant appeared to be in fair to good condition.. In
order for this plant to be put, back in operation only' a minor amount
of repairs wouldbe necessary.. However, in terms of long:....termstand-·
by conditions, certain repairs and protection measures should be
initiated. It is recommendedthat the following measures be taken::


1.. In order to protect the roof and underlying equipment, roof
repairs, inclUding section replacements and asphalt paiJ.iting, should
be made.


2. A corrosion expert should be consulted to determine the extent of
corrosion in the process piping and vessels and to advise what
measures should be taken to protect this equipment•.


3.. The electrolytic cells should be wire brushed and painted for
protection from corrosion •.


~'he writer wishes to express appreciation to NYOOfor initial. orientation
8;C the Boron11etal Plant and the Niagara Falls site, and for assistance
in photographing the area •.


;';nclosedare the photographs of the Boron Metal Plant and Niagara Falls
site and a listing of the photograph captions. Additional copies can
"J8madeavailable... Also, attached is a listing of captions of color
slid8s, which can be madeavailable on loan on request •.e~::,~~,
Enclosures ::
1.. BoronMetal Plant photographs
2.. List of captions - photographs
3. List of captions - color slides







1. Boron Metal Plant.


Z. ArmyRadar Unit (outside fence).


3. Water Treatment Plant.


4. Water Treatment. Plant (African m&tal residues).


5. Water Treatment Plant~


6.. Waste Field (iron U residues removed).


7.. Residue Storage.


8. Boron Metal Plant (K-65 in background).


9.. Railroad Tract (Schenectady waste in grassless area) •.


10.. "Baker-Smith" Area (No. 443 ArmySchenecta<iy"':l3te).


11. "Baker-Smith" Area (No. 444 ArmySchenectady waste).


12.. "Bakef"'Smithff Area (No" 445 Army-Schenectady waste) .•


13.. Pentaboron Storage (Air Force) •.


14. Old DynanliteStands .•


15.. Old Dynamite Storage Building (contains radium material).


16.. K-65 Tower (Belgium residties) .•


17.•· K-65 Tower (oloseup).


l8~ K-65 Tower (signs of leakage) .•


19.. K-65 Tower (side view).


20.. Boron Metal Plant.


21.. Incinera tor.


22.. Scrap Pit (451 x 2640t x 61).


2;. Scrap Pit •.


24. Sorap Pit .•







25. Scrap Pit (about midway - graphite casings - molds - crtlciblesh


26. Scrap Pit (iron - U residues).


27. 'Scrap Pit (iron - U residues).


28. Scrap Pit (metal, graphite, cement).


29. Possible Residue Area)
. )


30. Possible Residue Area)
) 300 - 400 acres.


31. Possible Residue Area)
)


32. Possible Residue Area)


33. Storage of $1,ooO,OOOSodiumHeater.


34. Garage 432 - Winter Fquipment.


35. Boron Metal Plant (cell room side).


36 .• Water Cooling Tower (fell down).
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From:
To: Gillespie, Joey (CONTR)
Cc: fusrap@usace.army.mil
Subject: Drum of KAPL waste discovered on the NFSS
Date: Wednesday, April 11, 2012 7:21:48 AM
Attachments: NFSS waste profile drum 1.pdf

Dear Mr. Gillespie,

Please find attached the waste profile for the contents of an abandoned drum  found on the NFSS
during the 1999 - 2003 USACE NFSS Remedial  Investigation field work. Analysis of the drum contents
reveal high levels of uranium and a small amount of americium-241. Historical documentation records
that KAPL waste sent to LOOW included drums of uranium residue. The recent DOE review of KAPL
wastes does not reference this discovery.

Ann Roberts

mailto:Annlyon16@aol.com
mailto:Joey.Gillespie@lm.doe.gov
mailto:fusrap@usace.army.mil
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May 26, 2006 
15892 Task 5 


, I 


Ms. Victoria Guitierrez 
Customer Service Representative 
Waste Control Specialists (WCS) 
9998 W. Highway 176 
Andrews, Texas 79714 


Subject: Updated Submittal of Waste Profile Sheets and Supporting Waste Characterization Data and 
Information to Obtain Acceptance of Solid Investigation-Derived Waste (IDW), Drum #1, 
Niagara Falls Storage Site (NFSS) Lewiston NY 


Gentlemen: 


Tetra Tech Inc is performing work under subcontract to SAIC on behalf of the US Army Corps of 
Engineers, Buffalo District. USACE Buffalo District wishes to dispose of Drum #1, which contains 
investigation-derived waste generated at the NFSS. Enclosed please find Waste Profile Sheets, analytical 
data, and supporting documentation. These are provided in hard copy and electronically on CD-ROM 
concerning the contents of Drum #1. We plan to arrange for shipment of Drum #1 to WCS during the 
summer of 2006. 


During telephone discussions between Tetra Tech and WCS, your organization has offered to broker 
disposal of Drum #1 at the Energy Solutions site in Utah. We understand that the total cost of storage at 
WCS, transportation from WCS to Energy Solutions, testing, if necessary, and disposal of Drum #1 at 
Energy Solutions is estimated at $2000. We understand the actual price may be adjusted (up or down), 
depending only on surcharges which might be imposed by Energy Solutions, based only on the activity 
and dose rate of Drum #1. We understand that after receipt, this drum will be securely stored at WCS's 
Andrews TX facility until WCS arranges for shipment of this drum to Energy Solutions. We understand 
that WCS will be responsible for communication with Energy Solutions, and preparation of any necessary 
manifests, profiles, and other documentation concerning Drum #1. We understand WCS will arrange for 
transportation to and disposal of Drum #1 at Energy Solutions, with no further input necessary from Tetra 
Tech, SAIC, and/or the United States Army Corps of Engineers, and at no additional cost in excess of 
$2000, without our knowledge and approvaL We understand that any testing or analysis performed by 
Waste Control Specialists and/or Energy Solutions will be performed at no additional cost to Tetra Tech, 
SAIC, and or the United States Army Corps of Engineers. 


In accordance with direction provided by SAIC and the United States Army Corps of Engineers, Tetra 
Tech is requesting that WCS submit a copy of the waste profile sheets, analytical data, and supporting 
documentation to the Texas Board of Health. For yonr convenience, all this information is included in the 
enclosed CD-ROM. We request that Texas Board of Health review this information to ensnre that storage 
of Drum #1 at WCS until it is shipped to Energy Solutions is acceptable, and in accordance with all 
applicable permits, regulations, and other requirements. We request that the Texas Board of Health 
provide written documentation concerning its approval for acceptance, storage, and transportation of the 
waste profiled in the attachment. 


1634 Eastport Plaza Drive; Collinsville, IL 62234 
(618) 345-0669 (618) 345-1281 


www.tetratech.com 







Ms. Victoria Gutierrez 
May 26, 2006 
Page 2 


Upon completion of disposal of Drum #1, Tetra Tech is requesting wTitlen certification from WCS and 
Energy Solutions concerning the date and manner of disposaL Please plan to furnish these certifications 
to Tetra Tech for our transmittal to the United States Army Corps of Engineers. 


Please contact the undersigned at the telephone number shown if you require any additional information. 
We look forward to your response concerning acceptance of this drum and confirmation of pricing. 


Very truly yours 


Robert Bessent 
Senior Environmental Engineer 


Thomas Lachajczyk 
Project Manager 


CC: Ms. Ann Dean, WCS 
Dr. Judith Leithner, USACE Buffalo District 
Ms. Michelle Rhodes, USACE Buffalo District 
Ms. Debra Engelgau, SAIC 







R.EPLYTO 
ATTENTIQNOF 


Environmental Engineering 


DEPARTMENT OF THE ARMY 
BUFFALO DISTRICT, U.S. ARMY CORPS OF ENG!NEERS 


1776 NIAGARA STREET 
BUFFALO, NEW YORK 14207~3199 


May 23,2006 


SUBJECT: Disposal of Drum Containing Natural Uranium 


Ms, Anne Dean 
Broad Spectrum Manager 
Waste Control Specialists, LLC 
P,O. Box 1129 
Andrews, Texas 79714 


Dear Ms. Dean: 


According to Title I of the Atomic Energy Act of 1954 (AEA 1954), special nuclear material (SNM) is 
defined as "(1) plutonium, uranium enriched in the isotope 233 or in the isotope 235, and any other material 
which the Commission, pursuant to the provisions of Section 51, determines to be special nuclear material, but 
does not include source material; or (2) any material artificially enriched by any of the foregoing, but does not 
include source material." 


Prior to accepting a solid investigative-derived waste (IDW) drum from the Formerly Utilized Sites 
Remedial Action Program (FUSRAP) Niagara Falls Storage Site (NFSS) in Lewiston, NY for brokering to 
Envirocare, Waste Control Specialists (WCS) requested that the generator, U.S. Army Corps of Engineers Buffalo 
District (USACE Buffalo), provide a memorandum for record (MFR) stating that the solid IDW drum contents arc 
not SNM as defined by AEA 1954. 


The solid IDW drum of interest, labeled DRUM #1 in the waste profile sheet submitted to WCS, contains 
a deteriorated drum found on the ground surface during site characterization activities at the FUSRAP NFSS that 
exhibited elevated levels of natural uranium. The FUSRAP NFSS was used for the storage of various radioactive 
wastes and residues resulting from the processing of uranium ores during development of the atomic bomb. 
Many of these materials were delivered to the site in drums, and were subsequently unloaded and placed in 
various areas of the site for storage, 


DRUM #1 was analyzed using Alpha Spectroscopy, Gamma Spectroscopy, and Kinetic Phosphorescence 
Analyzer (KPA) by General Engineering Laboratories, Inc. (GEL), an USACE certified laboratory. These results 
are attached and confirm that the uranium in this drum is natural and not enriched uranium. Natural uranium 
contains 0.72% U-235 by weight. Uranium containing a higher concentration ofU-235 is enriched uranium (and 
defined to be special nuclear material in 10 CFR 20.1003), while uranium with a lower concentration is depleted 
uranium. The percent U-235 by mass according to the sample alpha spectroscopic results for DRUM #1 is 0,82%. 
Due to the large uncertainties (about 30% of the reported values) associated with the measured concentrations; the 
calculated enrichment ofO.82% is well within the range of values associated with natural uranium. 


However, the most accurate means of determining if a sample of uranium is natural, enriched or depleted 
is to compare the activity concentrations of the two most prevalent isotopes, i.e., U-238 and U-234. These two 
isotopes are in secular equilibrium in natural uranium, that is, they have the same activity concentrations. When 







uranium is enriched, the concentration ofU-234 increases by a greater amount than does U-235 as it is a lighter 
isotope. A sample of low enriched uranium can be easily identified based on a higher ratio of U-234 to U-238 
than present in natural uranium (which has a ratio of 1). Also, since these two isotopes are much more prevalent 
than U-235, they can be determined more accurately using standard analytical equipment. 


The ratio of U-234 to U-238 in the alpha spectroscopy results performed by GEL is 0.994. There is 
considerable uncertainty associated with the isotopic-specific results, which is likely due to the small sample 
aliquot used in the analysis and relatively short counting of 8 hours used for these types of analyses. The error 
could be reduced by using a longer count time, but this was not necessary for this sample, which clearly indicates 
that the drum contains natural uranium. 


The alpha spectroscopy results are considered to be more accurate than the gamma spectroscopy results 
due to interferences with various gamma rays emitted by other radionuclides that are present in the sample. Since 
U-234 decays by emission of an alpha particle (with minimal gamma radiation) and has no associated short-lived 
decay products that decay by beta-particle emission (and gamma rays), no results are provided for U-234 in the 
gamma spectroscopy analysis. Thus it is not possible to calculate the U-234 to U-238 ratio as was done for the 
alpha spectroscopy results. While the U-235 to U-238 ratio is higher in the gamma spectroscopy results than the 
alpha spectroscopy results, these also indicate that the material is likely natural uranium when the reported 
measurement uncertainties are taken into consideration. 


Additionally, plutonium-238 (Pu-238) and Pu-239/240 were not detected using alpha spectroscopy 
according to the attached DRUM #1 sample results. 


Since the sample results are clearly consistent with natural uranium, it is concluded that this drum 
contains natural uranium and not special nuclear material. 


If there are any questions with respect to this memorandum, please feel free to contact me at (716) 879-4234. 


Ene. (4) 


Sincerely, 


Dr. Judith Leithner 
Niagara Falls Storage Site Project Manager 
U.S. Anny Corps of Engineers Buffalo District 
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J:'l'A 14111\ Mtt.::I,IIY Pn.:v 5"";1 


ICP~MS 3fr.5I}SS PRE:'" 


ltDn 


Ron 
Ai'" 
KMi 
KMI 
AR!> 
AJM 


~I(.:i~~·>· -. 11itii-'-'---


W19JCl t539 127.411{ 
IlfJ.U;'Ql l14S 122344 


11117101 i625 122#6-


1fJ2(.IQ1 09'19 !1li-&94 
tl..<1)M)l ltlO IlliZ2 


UiU'fJOi l5)O 114121 


PO Bo>; HrJ1:; ~ C:::..afk~~\)n. S{' 1').:-! '1. :!040 5;:;vap::: R'-'l..:l· 2',·101 


d)43i '15.(,·R I' 1 • Fa;qR-U I i6b-i ;:75 


1050 







-------------------------------


Contp.lIlY 


A:!d~,,- : 


(;ENERAL ENGINEERING LABORATORlF,S 


Mt.:'/.:jm TCCb~. L.~C 
19OilltHI¢rl:>.t1t Bu~, Cc::u:tr fJt. 
Sf. l...oulli.. Mno>:ow 1 63; 14 5700 


P-ihll Snow 


Sil.g:ata Fall'\. StUf;t:;C Su.:: 


Certificate of Analvsis 


Pa~2(!f2 


Client Sampte 10: Proiw, MAX1'OO!99 


Pat.uwttl" 


SWK¥t 1():5flB 


S;t;npk TO: 


ICP·MS J01iJUS: PREP 


~Th~ follo!!l1g,~~!~c~ ~hOlV w>tte ~rfo~~L. ____ .. 
M.,t.ruK.1 Uotie-r.!pdoA 


,-"~-----


N~: 


DOE E'\1L HASt Ji)O 


0012. EML HASt. oW!) 


DOE EML HASL iOO 


MTM D5174 


'11~ Qu .. li!i~fll in th'1> «:port £t: tkfined II foHows : 


lndicatl;.<; the MlMyte is a .. un~tc compound. 
< l\£rua} t~utl is ku U.an amount zeponed 
;. Actual !CJ.g!t is greatc;r thau itffittMl rep:.n:tcd 
M Analy~ Iwuli in tbe s,\l1lpk: as w(.·l};c.: C~ anoclirtcd blank. 
H C()l~u-.ttIDn ex~ in5.lrumcnt c.a1ibnIitm r.mge 


am ID: MAXTOOt 


J lr.dica:es an esti.tn.atOO value. The t\'"sult was greata than lbe detection Imnt, but less thaa frfC reporti:tg limit. 
l: lhdicalc\ the ci>mpwnd Wltl< ;;utalyced fVi but no! dt:t~ctl abo'>'!: the d:~ti()n bmi, 
1;1 Ur.c-c-n:Un ukntifkation t~)'fS;.lmma j.l)l;"tf~)', 
X L3D-5<p..--ofk qPillific! - 100M be {'liHy dC.'M';fihe-J lu ca.w ::tlt~!,ive ;tnd (/;Ita SUfUlJ:UJ)' JnC¥;~~c 


The above J>amptc i. .. tcpof1cd on.a dry l{o'e.igh: n;i$15- ~"o;¢t>l wh~re. vro'iubikld by 1M Wlalj'ill-":al plWedllJ-Il-
Thi.:.; d<lllt report bas: been pr{;!parod llnd re..,i>!I'o'Cd in ~o:r~¢ with (ielli>'"f\i.l F.nginemng Latx:muoric~. Inc. 
:>1aru.1an! Q~tin;t procedures- Pkasc di:ro::t ally qll-t:~tim'\.\ to yoor Projee. Man;oger, ("lim Andocrsott 


P l' Bnx )(171::-' Cr..1rlcstnn. sc 2'.N17 "l(HO$;nage R'J<)\.l ·1'J.llf; 


~l'AH 5jf,<)¢!:~ ~ Fax i~n} :'66·11 >S 
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GENERAL ENGINEERING LABORATORIES, LLC 
204"1} Stw'tlte Road CMarfe~ SC 2D407 • {&43) 55£-8171 - wW'.N_getcom 


Certificate of A nalvsis 


Com;u."l}' 


Ari?'"e~ : 


Co~: 


?to-jecl' 


Rfld Alpha. $p1:1; Au"tyib 


Alpituipt't, F'!., .'iniJ.;j 
?ktkml:mt!.~·H,,~ 


?k"W.,\'lU"JU ·lJ'/:'14U 


}.tnlm te.;~re:$, tNC 
I'Jt<&lo~1t Bus, CernctDr, 
$1 l.Uill.Ii, \.1llol>OUri /)3114-.5";:» 


f'~I$mj:.h 


Ni:i$ln t~U:!: S'Vtt1S$ :;.itc 


Client Sample Jf>
Sample !J): 


Matrix: 
CulJC't1 Dale 
Rc.;::ei,,'\!' Dolte:; 
C41ltt'lct:m 


QU;ilitiu' 


RS<DRt.'M~-J.36-R 
IH?97020 
Svil 
08--1U1At3 14:00 
lO·1UIAI.) 
CtkuL 


" II 
,O.12)i. +14J,lB 
('-01111 -/.(t.0'!l'-6. 


R:ui (;llll Y""", Pnl<po;riiorual CmHluug 


(,rl'C Awn. -o.;:<lld 


S,rlltl!IU.'1t.9Z) \I 


'fbi.. ~ul14""iug J·r.cp Mctbmh Wf"'J)~'rfQnTlw 
;\t(,,1tmd O«'(Tiplkon 


.i\~h S<.n; rr<:p 


Dry $oil f"lep 


A."ll &.illYt'"!,), QL-Rt;.IJ~A·tI2W 


D~)' $tn! Pt<1'P (;L-3.Al).!\.{JZ I 


Chl;'"fu!lI.",int: Anabik'" ~l~~li Wff-C ,.-rlOTmW 
''''''thud ~km'~ , 


00£ £M'L HASL~)'OO, 1\1-1 J -lK Modini'd 


t{!)t~!W 


The ()1;1lhficn, iii tni.,. ti:l-v"" :ue IW-!i';ll:d a~ rflHD'NS 


Rt?;~I,lt is Ic:ss t;tZUI amoont repu:tctl 
R.to".UlI L";' g:fj~a.tet lhan amount tt:p.l)rtW:, 


or. RL 


1.00 
100 


2.6tJ 


."-,,lIIy'" 
MH .. 11 


~nMI 


E 


T l)r,ttci aual)le W,M: Wlt'l:ttd in the sampki.'ls \1-"e1l as Ihe associated blanlc 
FI.'i1,1 rUl re:'.lth.s. beh.!w llu: MOC or it flag for liYN tr.l~ rccQ-very. 


C-ooccn1r;UtOh o(lhe tart'<!".t illJalytr: eXt<t,-cW;: the if):ttn.und1{ cahbr.mon .. mge. 
Anmytical Mioittil: liak.: c::{·c.;!l!dcu. 


!'roied.: 
dknt JD: 


t.itUtSo "F 


pC~i8 
pC.iiS 


f1'.:i!1! 


f).u: rhn~ 


(rNII!Ol "M, 
a-;;juOl 114(.1 


p, .. 


~AX:-ln019i) 
>1AXIOOl 


.'\»lllyrtV.Uf: 


ASl fi.J>ttl,1};' 


An ... (.8,1)1/03-


"l'tp'iJ~t:b 


16155& 
l62'),~;S 


!l 
J 


" U 


Il'ldi£3::CS an ~li:ma~ed \'"toc. The re-':'lllt w>'/$. gf~fcf than the Uc!eetJon [iOUt, but Ies> than the rep .. >rtinjt limit, 
1 he T~loP\'n~c !;t<:rWetil u." f-f:>"ftrm.atkm .::nlumn lintilhc -ptin'.o<f"j e.olumn 1$ ;;.400lA.t) 


01 
X 


h 


lndlC;tki d:(; tl\t~><.~ alllll:,.i-e ';J,';Th anJJyz>:"-Q for but nm detected ltOOW til1! dctctt101\ limit. 
lJr.c{:rtain tdcml.:fl<:;ltkm fiw ganunJ spcc;r(l~opl'< 
Ld.l"-t.r<~tJk q'a:}ttfict-pkc", . .";c see Cit£!: n<1rrativi:, d:ll:! ~llmm;uy p,.ck;i.l?<: Ql "o-nl.;lct y<)t;r ~Hojeci rmm;;gcI fo! «uib 
Q<: ~ ... )mptc;, .. WCf(1 11>'4 "l).,ked .... ltlt U,;,...,uttlpuwill. 
~mnpk pn:-p:lf'''-ltlutl OJ ph:~t!rV~,i'111 hdding lint!! ~l(CC"~,h...-j 


of 


T'i1lK" n .. l<h M~(bOO 


1 W, 1bi65-X 


1551 264}29 ; 
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GENERAL ENGINEERING LABORATORIES, LLC 
2V40Sav~e Rood C"Aat1f!-5tr;nSC 29407 - (84s) 5*8171 . 1'n!.~ .... ,getc01n 


Certificate &f Analysis 


C(!t1:ptall)" Ma."'tm Teclm .. nl!f,.ic.>;, INC 
Addn:Mc. 190! hmttbeh thm. CcrA« Of_ 


(:-<ll1ilt:l~ 


jly,cjtct' 


5-1 LoW'_ Maroun 6) 114-·-5100 


Paul Smith 
Nlag;»"a 1'1111" Star~itoe :itte 


Chent Samllle [1>-; 
S~~nplc JI):. _ 


QViAlilit-f R*ituli 


RS-DRUM1-J3bS 
8}79702tJ 


OJ, RL 


f'roicct: 
_~~~f): 


Unit1i 1)y 


MAXlUOI99 
MAXlOOI 


WOlZr( 1M analyii--nd lrntiuxl MS bc-cn pcrfonned urutcr NELItP c.cn:iic;ltiotl. tht; '!Julys,is has met aU of the 
rcttvi!l~m..:l1i:i (If the KELAC >lund,-'lfd l!1~t'S1i tf!.kI'!t!l(,':<! (.In tht Ccrtihctll'l' ttl' Analy1ljJs. 


Titi:j.U;)l;:i fCpM h,u heen prepared and r(:view¢4 in acc¢rdilnec wllh (,;cncr:al ~gineeOftg UIDoraturiCS, LLC 
stnnrlant opc-raring pro.:.I!"ilun:'s. PkR~ difCCf ,\try que .. uiQu-J,. to your h(!jCCf \.litna(ttt', Edith Kent 


_~.~~L~Q<;:L ______ ._. 
RcvtC'w<:d by 
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Facility Address 
For Manifest: 
9998 W. Hwy. 176 
Andrews, TX 79714 


SAMPLE - FedExlUPS 
Address: 
9998 W. Hwy. 176 
Eunice, NM 88231 


Sales Representative 


WCS 


Lislany 


1 


wCs 


Waste Profile Sheet 
Exhibit "B" 


Generator Name: Buffalo District - US Army Corps of 


2 Generalor Regulatory Status 


Business Mailing 
Address: 
PO Box 1129 
Andrews, TX 79714 


Site Contracts: 
Ph#: (888) 789-27831 


(505) 394-4300 
Fax#: (505) 394-3427 


TBD 
Profile Number 


EPA ID#: NY7890108973 State ID#: 00036 
181 Industrial 0 Municipal o Oil & Gas Exempt 


o PST Waste 0 Universal Wast-e-- 0 SQG 
o Oil & Gas Non-Exempt 


OCESQG 


General Description Information 
Waste Name: Solid Waste in Drum #1 
Process Generating Waste: This drum was found on-site during Remedial Investigation Activities at the Niagara Falls Storage Site. Lewiston. 
NY (Environmental Investigation) 


Is this a US EPA hazardous waste? 0 Yes r2J No If yes. list all codes including all LDR subcategories - e.g. DOO3-cyanides (attach 
additional pages if necessary). 


" 'Y. '!'.t!. ~'!!i~. ~:pt:TS3!? I ................ __ ...... __ . __ .. 
NIA Yes N/A 


0 0 181 
0 0 181 
0 0 181 
0 0 181 


t8I 0 0 0 


Range Totals Must Be <:: 100% 
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Waste Profile Number- TBD 
Metals I2SI TCLP I2SI Totals [8J Generator's Knowled2e [Jppm U ppb 
Antimony: See attached pages Cadmium: Selenium: Mercury: 
for metals data 
Arsenic: Chromium: Silver: 
Barium: Lead: Thallium: ~ Mercury <260 ppm totals 
Beryllium: Nickel: Zinc: o Mercury >260 ppm totals 


Other Chemical Constituents LJppm J ppb LJ % by weight J % by volume 
Bromine: See attached nages for other chemi~al constituents Benzene: UTCLP o Totals DGen. Knowledge 


anal)1ical results (formerly Pgs. ~93-396 ofl1revious submittal) 
% 
Chlorine: % : TCLP Totals Gen. Knowledge 


Iodine: % TCLP Totals Gen. Knowledge 


Cyanides: Total Amenable Reactive : TCLP Totals Gen. Knowledge 


Sulfides: Total Reactive : TCLP Totals Gen. Knowledge 


Use attachment for additional chemical constituents 


SECTION 5 Waste Characteristics Flashpoint 'F pH Turbidity Viscosity Fuel Values 
Liquid __ % # of Layers 1 Notet 00-2 o Transparent DLight &3J <5,000 BTU 


Actual (water) 
Solid 100% Color -- 0>200 0>2.1-4 o Translucent NA NA 
Sludge __ % Odor -- 121 >140-200 121 >4-10 o Opaque o Medium o 5,000-10,000 
Debris % Specific Gravity_ 0>100-139 0>\0-12.4 121 Other (syrup) BTU --
121% by weight Density __ 0 <100 0 >12.5-14 NAlno analysis) 0 Heavy 0 >10,000 BTU 


R~~~~~~~i~~i.ti~s-';iw;,st~---- ----- -- --rgJ-None-Apply--- ------ - -------------- --- -- --- ---- .(s)!'!Pl. ___ - ----- ---- -- -- --- -- ---


Yes No Yes No Yes No 


0 121 
Oxidizer 


0 121 
Dioxin Listed 


0 121 
Liquid Organic Peroxide 


(Storage Only) . (not acceptable) 


0 121 
Explosive (not acceptable) 


0 121 
Infectious or Etiological 


0 121 
Fuming/Smoking Waste 


(not acceptable) 


0 121 
Pyrophoric (not acceptable) 


0 121 
Putrescible (not acceptable) 0 121 


Pressurized Gasses 
(other than aerosols. not acceptable) 


D &3J Water Reactive U I2SI Autopolymerizable D 121 Solid Organic Peroxide 


SECTION 6 SWppinglnformation DOT Shipping Name: Non-RCRA Non-DC T Regulated Wastes 
Hazard Class/Div. lD#(UNINA) Packing Group (PG) RQ 


U Soft Top Rolloff D VacTanker (Type: Fiber, Poly, Steel) 


12155 gal. (Steel 85-gal OP ) 
Quantity 1 estimated 


o Hard Top Rol1off o Cu Y d Box or Super Sack 030 gal. Frequency IX 
o GondoJa o Shrink Wrapped Pallet LJ 15ga!. 


Overpacked Drums: o lntermodal o Consumer Packaging 05 gal 
o Tanker UB-25 [JB-12 01 gal. 


TypelSize~ 


I2SI Orber, please specify: 53' Box Trailer with Tractor 


SECTION 7 Certification 


The information contained herein is based on 121 generator's knowledge andlor [gJ analytical data. J hereby certify that the above 
and attached description is complete and accurate to the best of my knowledge and ability to determine that no deliberate or willful 
omissions of composition properties exist and that all known suspected hazards have been disclosed. 1 certify that the sample(s) 
provided to WCS is representative of all materials described by this document, that the materials tested are representative of all 
materials described by this d<lcument, and that the methods of analysis used are the appropriate analytical methods as specified in 


the ~ent editions ?f ts'!' -8~6) or equivalent methoda. ._ / ~ 
~. ___ 1YZ1/t/'~ Lvi'J"'A L-f Mr. Dennis Rimer, NFSS Site Superintendent ? ""/ r !-.<Cj:.:J(; 


Silmature PrintedfTyped Name Date 
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Drum #1 


Falls EP~lite INFSSl. I ,New York 
NO. 


'Drum Tag 1 
.ablD 


IBatCh No. 122089 


'~I~II~~~:!::~~~~~~~~~~~§~]~iJ1'1~~§ Estimated ~ I Date 11, -;;-_-j Maximum TCLP 
~Date 12/' Leachate Regulatory 


~~~~~~;;;;~::::::::::~;;;;';';~::::~~1E.~~2::::~con~~:~~tion ~;~ 
~u~ _'NO. ~ _ _ 


'-9 
28-5 


95-57-8 


88-75-5 


1106-47-8 


12-( 
2-( 


bis:2-( 


h,i] 


- .-
- .-+---';7'7..",---t-......,.-.,.,.,'-+-,,= '-j 


· 
· 


0030 


· 
-
-
· 
-
· 
-
· 
· 
· 
-
-
· -
-
· 
· 
-
-
· -
· 
· 
-


394 


'94 U 
197 U 
197 U 
'9.7U 
6J 


397 U 
39.7U 
397U 
397U 
397U 
397U 
397 
3 '7 


19.7 U 
19.7 U 
;97 U 
;97 U 
397 U 
397U 


-
-
· 


85 
B5 


19.85 


-
· 
-
· 
· 
· 
-
--
· 
· 
· 
· 
-
-
· 
· 
-
· 
: 
-
-
· 
· 


41 L 
-
-
-


130 


-
-
-
-
-
-
-
-
-
-
· 
-
· 
· 
· 
-
-
-
· 
: 
-
· 
-
-







Drum Tag 
Lab 10 
3atch No. 


Date 
Date 
I Date 


, Date 


Factor 
CAS 


18·0-,·9 


~9 
131·1 '1-3 


12 )4·7 


Falls 


Drum #1 
lie ~'''_Q'''~ 


EPA Method 
Site 


I EPAHWNo_ 


· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 


0032 
0033 


· 
0034 


· 
· 


· 
· 


0036 
· 
-


0023 


· 
0037 


· 
· 
· 
· 


395 


IU 
New York 


1 
II 


12208! 


~:~~-I 
1-
12/1112001 


S-4·22 
1 


397 U 
39, 


39_ 
39. 
397 U 
397 
397 
397 
397 U 


397 U 
17 
17 
,7 J 


397 
,97 
,97 


,1 J 
19"' L 
19:' L 
19:' L 


397 U 
397 U 
31 'l 
31 
1: 3 
31 'l 
39.7 U 


Estimated 
Maximum TCLP 
Leachate Regulatory 


Concentration Limit 
(uQIL) ug/L 


· 
· 
· 
-
-
-
-
-
-
-
-


19.85-
1 !l.85 


-
19.85 


-
-


19.85 
-
-


19.85 
-
-


19.85 
-


19,85 


-
-
-
-


-
-
-
-
-
-
-, 
-
-
-


130 
500 
-


3000 
-
-
-
-


2000 
-
-


?OOOO( 


-
100000 


. 
-
-
-







Drum #1 
Volatile Organic Compounds (ug/Kg) 


EPA Method 8260B 
Niagara Falls Storage Site (NFSS), Lewiston, New York 


Sample No. UNKNOWN1-2451 
Drum Tag Number 1 
Lab 10 52355001 
Batch No. 122089 
Collected Date 11/19/2001 
Received Date 11/20/2001 Estimated 
Extraction Date 11/29/2001 Maximum TCLP 
Analvsis Date 11/29/2001 Leachate Regulatory 
SOG S-4-22 Concentration Limit 
Dilution Factor 1 (ug/L) ug/L 
CAS Number Parameter EPA HW No. Results 
71-55-6 1,1,1-Trichloroethane - 1 U - -
79-34-5 1,1,2,2-Tetrachloroethane - 1 U - -
79-00-5 1,1,2-Trichloroethane - 1 U - -
75-34·3 1,1-0ichloroethane - 1 U - -
75-35-4 l,1-0ichloroethene 0029 1 U 0.0500 700 
107-06-2 1,2-0ichloroethane 0028 1 U 0.0500 500 
78-87-5 l,2-0ichloropropane - 1 U - -
78·93-3 2-Butanone 0035 5.1 U 0.2550 200000 
591-78-6 2-Hexanone - 5.1 U - -
108-10-1 4-methyl-2-pentanone - 5.1 U - -
67-64-1 Acetone - 20.2 B - -
71-43-2 Benzene 0018 1 U 0.0500 500 
75-27-4 Bromodichloromethane - 1 U - -
75-25·2 Bromoform - 1 U - -
74-83-9 Bromomethane - 1 U - -
75-15-0 Carbon disulfide - 5.1 U - -
56-23-5 Carbon tetrachloride 0019 1 U 0.0500 500 
108-90-7 Chlorobenzene 0021 1 U 0.0500 100000 
75-00-3 Chloroethane - 1 U - -
67-66-3 Chloroform 0022 1 U 0.0500 6000 
74-87-3 Chloromethane - 1 U - -
156-59-2 cis·1,2·0ichloroethene - 1 U - -
10061·01·5 cis·1,3·0ichloropropene · 1 U - -
124·48·1 Oibromochloromethane · 1 U - -
100-41·4 Ethyl Benzene - 1 U - -
75·09-2 Methylene chloride - 5.1 U - -
100-42-5 Styrene - 1 U - -
127-18·4 Tetrachloroethene 0039 1 U 0.0500 700 
108-88-3 Toluene - 1 U - . 


156·60-5 trans-1,2-0ichloroethene · 1 U - -
10061-02·6 trans-1,3-0ichloropropene - 1 U - -
79-01·6 Trichloroethene 0040 1 U 0.0500 500 
75-01-4 Vinvl chloride 0043 1 U 0.0500 200 
1330-20-7 Xylenes (total) · 3.1 U - -
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WCS Attachment to Waste PronIe Sheet 


WASTE CONTROL SPECIALISTS LLC For Radioactive Material 


Box: Only 
Direct Disposal 


PROFILE #:TBD 


TreatmentIRetum to Generator 


Chemical Form: Solid Waste in DRUM #1: This drum was found during Remedial Investigation Actiyities at the Niagara Falls 
Storage Site, Lewiston. New York (Environmental Investigation) 


3.2.1 


If NORM radium, please indicate Radon emanation rate: 1.16 pCilrn2;sec 


At I 


packaging: 
be taken to WCS for temporary storage and subsequent shipment to Energy Solutions (formerly Envirocarel. UT. USACEIBuffalo 
to receive a letter of disposition from Energy Solutions (via WCS) after the drum has been through the treatment/disposal process. 


<7.35 (est.) Total Cubic Feet 


in the waste, the concentration pCi/gm and the total activity in milHcuries. (Attach additional sheets 


Certification: 


The information contained herein is based on 181 generator knowledge and/or 181 analytical data. I hereby certifY that the above 
and attached description is complete and accurate to the best of my knowledge and ability to detennine that no deliberate or willful 
omissions of composition properties exist and that all known or suspected hazards have been disclosed. 1 certify that the sample(s) 
provided to WCS is representative of aU materials described by this document, that the materials tested are representative of aU 
matenals described by this document, and that the methods of an~~is used are the appropriate analytical methods as speCIfied in 


the current editions of EPA (SW·8 or.eqUiValentm~thods'I:/' • . _/ (' • 


Authorized Signature: / U/&i/y~G;::" !f1./J~lA:.c( Date: j Lf:/J!oc:lf 
I 


Printed Name: Mr. Dennis Rimer Title: NFSS Site Superintendent 
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Drum# 1 
RAD (pCi/g) and Total Uranium (ug/g) 


EPA Method 900, 905, HASL 300, ASTM 05174, GL-RAD-A-041 
Niagara Falls Storage Site (NFSS), Lewiston, New York 


Sample No. UNKNOWN1-2451 
Drum Tag Number 1 
Lab 10 52355001 
Batch No. 121942 
Collected Date 11/19/2001 
Received Date 11/20/2001 
Analysis Date 12/612001 
SDG S-4-22 
CAS Number Parameter Results 
14952-40-0 Actinium-227, Gamma OU 
14596-10-2 Americium-241, Gamma 9.88 
10045-97-3 Cesium-137, Gamma -0.0426 U 
10198-40-0 Cobalt-60, Gamma -0.0188 U 
13966-00-2 Potassium-40 2.91 
14331-85-2 Protactinium-231, Gamma 3.71 U 
13982-63-3 Radium-226, Gamma 2.32 
15262-20-1 Radium-228, Gamma 0.161 U 
14274-82-9 Thorium-228, Alpha -0.207 U 
14269-63-7 Thorium-230, Alpha 12.8 
7440-29-1 Thorium-232, Alpha 0.186 
7440-61-1 Total Uranium 22000 
13966-29-5 Uranium-233/234, Alpha 7960 
15117-96-1 Uranium-235/236, Alpha 425 
7440-61-1 Uranium-238, Alpha 8010 
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s40078
Text Box
Correspondence 5

s40078
Text Box
Comment #14



From:
To: Gillespie, Joey (CONTR)
Cc: FUSRAPinfo
Subject: Burning of plutonium contaminated KAPL waste at LOOW
Date: Wednesday, April 11, 2012 8:55:31 AM
Attachments: scan0013.pdf

scan0014.pdf
scan0015.pdf

Dear Mr. Gillespie,

The USACE Remedial Investigation Report Addendum contains several KAPL historical documents,
including waste manifests for KAPL wastes sent to Oak Ridge from LOOW. See Appendix 12A.

Review of the shipment manifests for KAPL waste sent from LOOW reveal no boxes of combustible
waste left LOOW. The fact that no combustible waste left the site, leads to the conclusion that all
combustible KAPL waste, including plutonium contaminated waste, must have been burnt on the LOOW
site. I'm attaching the documents which detail the burning operation and the difficulties encountered by
Hooker personnel in identifying plutonium contaminated packages.
There was clearly an intent to identify and ship plutonium contaminated waste to Oak Ridge, but the
waste manifests contradict this. KAPL personnel confirm that all of the combustible waste was burnt at
LOOW.

Ann Roberts

mailto:Annlyon16@aol.com
mailto:Joey.Gillespie@lm.doe.gov
mailto:FUSRAPinfo@lm.doe.gov
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f'~ :,!. M~lonf)
ChL~:f, N:t.agara Falls Branch
U.• 3. Atomic Sne~- C;"-VV'-~':ll..ssi·on
Hodel City, N":!,y 7()l"'!-;:


In your Lett•.::r of }1~rch.10 :l0U au t.hori~Bd us to burn the ]m~-l'!!v;!l jCll~'L
':1:t$tr'!s and mad'3 rf."r"re;lc,,; to the c01u?e~'lnCf;' on t~lf-~sub,) ro:(:t '.lit-h th~ ~le1T York
Dfftcf! an:! KAPL Per-sonnc L of l-!;:l1.'ch h.


T!l~ aasunott.on ...•..:3.3 n,(lc:e at. ti1at, ti~lB t.hat each [JilGWf.G Fmtld ha vo a d()~~
r::ttf'l TImr1d.i;o-;. ~'lf) !~';~:;1')pro ccaded on rna t ;1-~sum.oti~m and bl~:ming ac tt. -.1~i(,3 h':l78
cont.Lnued :~8 Agr:!.ed. HO;.i!3'l<>::'·., many of thn G17lt.eD lJ1 buildin,(; 1:1..4 are 50 1X\c,ly
If>;:l,:r,[v~red that, t.iv~o1'if.:inul l:lar:dl1[~~have dis3.unenrcd .w.d HO I'Lnd Lt :l:'l.:;o:.;:;ibl~- " - ~
to p roceed an t~1~outlined basi.s ,


Sltten ~·I~.iV<'.rI~ 1:;·:·"m·'''al'r~cd t.b:!t 13:);::eof tho:'!;) \.!"at.(-~3 cont.;\.i.·~ p Lu tonl.ura
and Ii") ;H"~ ~~') avo Ld th(~sn b~!ca~;.Ge-'of ,,11,.,.pot.,mtial r'all-ol;t, .i!:' nov .find it
irn!-,)()ss.ibl(~ -r~odo 30 by (1bSHr'vi!".-iS (?-xtf'] rnal, .mar~-<11~gs ..


C'[~rcur-renb plan is to r'-:~!\o~r;~all th~ crates n:: t<APL ;.ja,;t'~~:fr~m o1l11din~
l!h~!l,nnn~t.h':'2r fiT,,,: tripl!; dockpd} duflcult ;~(lOb~ArV!~ and in ~" d;.ir;!::8!"Ou~;1:r
d~~c(J0ipo!j~o bullc!ing .;,Jo ~/il1 Ll.nn thr::J<.1 crates up alo'rs cno of thl" inac U_VA
on I:.Jidt1 ron(!!l .:-l.rlC ;~!:':J~r?J,-r:reIn:)v-'~ th,.,i. r li.:js ~;ithtnJt .:ltt,,!~P tin!~ -;t.d curn. At that
tL~n it :-;01.:10 u"'cm aop ropr- La t(~ for th~ AECt.o p:t'lJv'ld~ cOnpl3t.f,nt advi:;;e on thi~
FJr::1hlf!m by a v:L;:li.t .fnm 't.!10 ~I8'f] lor-k n~alth and Sai'e~'rOr't'3.o).t pO:3si.bly :1(:-
...... i.r-d bv . n .::> ;-~.,~ ,,-r ·"rr", .r~,.., v.\ "T ·.T~ PVY"<~ct • r) c-n ~.-,.-,~ • ...., ~l.•~'~Pa.'1_·, .) on,. {lJ. ,,",... _'''S;'- ...•.• -'- I.••.•! _"~1 I. '.,,' ' 'I~r; :", ,! .:1.•. _<.<n,:,(? 30 ul,.av
l:his ohs£'I'"'Iation and d8teTi;;i:-Ja~ion C;:"111 b!~ t:'l:l.r1e i~ .l vr>r:r stOTt, ti.~e and ;re ~-iiJ.l
thi?n t.1.k~ no ch~tnC8S of ';)).!Tnir •.;; plqt.;;r:i'1m b8;tr).r~~ C;trt(lnS :Tlt;l the:'r~s~Jlting
.t·"·~a tiw'}y danr:~!!'r)li:3 fD.:_l-nu~.


1 ;;;1 xu ~..~ t}l~~ J\~~C ~-7r;1Jl.d d~:·(.~::r)~.r(-?t~~i;.;:;"'J.f;..~r 3pp!.""r_)(:J~~h :,;nrl {:,;-!.G f-!ock:7lJ-
~_;t)1If.D;-~n::Tce~t ..7\.in],~r r:o"~;j !~at :rtS}-l to ·t;pe·::-1iil~~i:Tfol",;?d 1~1burrri.n.: nlnt~'?·~l;t130('
;·~~~"'st:,o[l<lbl~ cO;lt.a::IJ.m\tiol1 ~',-VC:"l 'l;b~ ?o:J!:J tbili t'T of a .r:?J.l-'~llr.i ;';J:"oblG:n.
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April 7, 19.58


Co}G'EHEFCE NOTES. ..••
Subje~t~ DISPOS}\.L OF 10lPL WAS'!"".13
Ded,-.::.!;! Ap!'il J;:. 1958
Confel"e-a.s: J" D" S;i8~ney' = Hcc;,,<.,}~·


F 0 ':L ?,:a:lo~g •• AEC-iW
Ao ~\o S~J-10~O trn .!L~CQ>OR
W., J a rJklO~ - ;lEC-OR
Po S~3g?~- Hoo~~~
C" M" Chest.arfieid-nOI)k'3r
J 0 L" Hmnar ~ tlook:sr


The conr~re'm:eW'an callzd to de1e:rr:.d2!e-the dlsposf lion of 10) the ::.:ad1:ag0~ nf
KAPL wastes 1/.oiclt be~ no mm-ki{!g as to co:rrtent~ or l'adu.-Gion a.ctivl ty, and
2,.) tha non~bu1':~~b18Ba..'"'!d ashes f:fGil iIr.ein3~aWw~stes~


Mro Sweell~Y crpenBtl t,~c cont"s!'eD.ca by J."8-;1'~'"ing th:t procedur-e for diap08it'g
o£ "tJl-a '(..ras-r.e 1.i."l8.·;;czob.11Ias outlir!:d in -;:119notes of a conf'er-en ce he Id on
Feb:rt1.2?y 27, 1.958 ~> TlBmn:ln,t;; of' K.1PLHCi~tes II~ lie fUl"'1:1u,T described Hook01'1 s
pcsit,lon on t.b.e 8ubj ~Gt as being ":In'::~3r;A'ln 3.S to the diapo~!al of ur'::}E.l'k<:;/3.
paekages , H~ 3t..:d~~-dt.'-la't since be" H~'Dker at8j'f. is la-.;!kin,c; an 11;;~~-tp8rtll i.<~
t.":le radi.a tion ft;~Jd,. !1e f-alt. It '4',!l.~J121T~S0 to l'i1al~.;J a r;lOV51Hhid.l conld P0s;;lh1.7
ba a!baxTa--3sing to lhoke:r- O:r' the MC~ ..


Hr" Schoen, cl thG Oak F3..dg;:!Blo:Ec:g B:':'81lch;- G:?};cZ"ibed, the pres€"nt !CG',,!
di:.5PC3a.J a.::tivi"':;y 23 bei:c!; O:C2 :L:!'m1:/:Lng ;:;''0 l-:t.:lk en 'th~ pG'.:;.~t of the t2C or
Rockel' 1-1.)ei-~el'" p8:~sannDl C'T su~:;:y"m~cl5.rgs. (To subs·t;::ntis-l'.e that no C::J!.l··


t,;mir¢.t~.on h¢.~ bS9I1 cauesd bv t.b.<:! tu:::'cr3.:::!g p:L'Og?'?-''1'.~ th~ AECwIll anal;l-z"-?
enviI'Cmlmt.a1 a::ucple3 t:~kei1by th.:3 ABC hefore and ~:'-i·t8:r the CpBl'at.:'..on.)
'J'he ;.ECg s g:~n~"l:';~?~If{)1.i''~.7 is "to :lphy P. sc.i'BI1p and lvhen .3. zo.9c.so:canle d:n:;iiyt
exist!) 86 to a p~:r:·i;"d..."t'.la~:"pLwotnnothezo s8.f:;n:o ~OUr3;'3is .fol:bwooJ


Mr .• Schoen 3t.at:xl that tho; KAPL lTast ..as at LCOH h~;Ye dSC:i'e:Boo -tn a~t-J.vU.,7
'q., 3. .fa~"!t..o? of' fOlll'~' (.40»)1 2B derived Zl"Om th:3 7'f~duced 1'!loi8.l.iiou fr·::.:;.. t..lJ.8
liquid ~~a3tes~·,h:l..c:1He:r e Z"et":en-J:J..y sh·J.pped t."o Oalc P',idge. !ha d.:,:y wa~t:-~~
currf.!ntly baii:-g h.~:ld)~Bd. ~:..-e 31ig~·t·ly cj:::~·k;ndp...a·b~d."t,Ji.t~1 the S.M;.-$ ro.ixt-d
±':lsi3~.on prcdu C:~;3 ,1 r~d -th03S !i'..:iIk-:;d 1,.,('-0 dOSt3 l",:rt:2; il COw t:l:l:lr';.o ZID h.aZZL-::: d ',·.jh..::!l
-~he rJrB.,mut.iQ~ ;';:,;;3ont::'..i::lCd L., th"'J r.-.rjd·8:fer.ca of ]?a'bTIl~1j;7 27 s 19.503 ar-e
:followed,
""_',"'.e ;'''''''','1 "''''''~''''.'.(!''''.~ .r'.,,; ..y., ~.,:t·,- D':"",-r, vl ~r"",•• ['l,,,\,'; ,1'1" M 1>11"" S""'fAcc'ng '01 lrisi'c.) ~"" ~,,;;,_.....,...:::'. ~l.,_ ~~'.':_\--(.'., •.• _,,~ ..,,1 ,-,\.., ••..1, ..::;:._v~.•...'lo ,.J...l...! ••••••lo. •• ".!..1. ".:::!I" .••..•.•....••.


dascl'io;:da3 ;n"Ll'S lrze;nj,'":~n;~aaga~.:rL:;~J;:,1J' h,'\!:,a:nl dt:velopi~, :.rr.n to 1l~a8H our-
(Eocke:r~8) mb1d:lo fl,;3 a :CJ.:,,·:~.h31Qpr3c,?,ur':lOn3..:.7 :r.l!32.3l\:;"8, Hr" Schoen SU[;gr.';!;3t"sd
tha-t -·>h8 p:.:~:rs(1:{).'::~3:; ... ·!.~~;.~.~::;1,:"r:-~d.:L""l ~·m.:::;-.t? h.-md c~_:~~~.1.~:=j~.1b}lti·~"',t~·:u1Irl:..t~fJ~;ITlplf~~"'- ~:~:'.::
now ~·t~:.rlone :t t.. :;~.1a ·::Ofii:J~1.:.;~·~:.icTl'cZ ~'!1c Pl'"(.)J8t:t" Ihe ~rn.Rly~j:tscf "~'~:1:a·G::~~_:.::-l~·;i::~}..
sh~i' a j'ri::;:LtC;9 (Lu~:"''"1-:)-·~J·-ex i?1~.~-:'.,e~;~\;nt~!i1ir~H-t_~nn.,_~ 'This 3.1"'Ul1.ys:W is ;3"L;g~~e~3·r:r.0


~ af:l;31."T."':1CB(l.ii:;~/~·-;}.:m:M it i.!3 'en::! £8cJs-~Cit,8Jr~-;,f0n that ·t!.1.<;in-..,3 ia no n,,,,za:c-:l
J-..IlW') 1"7<~d in tiw ~'1·;.:.'l:1r::r.r':. "\iO"dc.







Page 2


The i'ollowi "g cli:rectiocs we~ giv~n as to t.he co:m:p1.~tton0 f the di:sposaJ.
program:


1" Bm:ado.shas reeeiy-oo :tl'O!ll KAPL- dump in pit on sits and CO'7eJ:" with
earth; no ros.:cld.ng T'.<'lquit'ed.. ('lhase ashes are not conta...'1lin...~ted-they resulted
from incinemt.ion of offioe mat:n"'lal <:::t KAPL).


2" Ash -38 .from LOONburning - drum and ship to Oak Ridgo ..


30 Scrap me-tal - package and ship to Oak Ridg~o


4~ Packages marked "Pu poaal.b'le " - ship to 08k Ridge.


5. Paekagea "lith no visible m::t:rki:ng - ship to Oak:Ridgao


60 Packages !T'Ji*-ro as having a dose rate - ra·i:.ain Ior e:xpeX'imcnt.al
burning by Hew Yo:dr Health and Safety.


As a final pr-ecautdon, Hr~ Schoon sugge:3~od that ';.-Jheneve:ra doubt -Rxist.s.\l
ship the matel'ial to Oak R1.dg~D


'.C'lematerial tv be t.r3Jlsfer.;;"ro to Oak Ridg9 is -to on shipped on a g072x:ri-inen"!i
Bill of Lading;. in. box C2.l"3 acc::niling to Ice regulaM ..ons , Thei:!~ regulat:,io~-8
sta"t~ th~t the 8x-w;;'iol'" radiation shou Id no·t exceed 10 millirosJltg::m (r.:u-.).
pel' hour at 12 ft.~ from i:h~ s i.de of ·(.h~ ear-, snd 10 mr., par hour a.t 5 ft.. fJ."OJl1 t.he
end of the car" P'lacards denotd.ng "Dangerous Radic.!.H!t.iva !ilater1..al n ar.rl bear-ing
rndi:'ition ?ei?d:L-:Jg3azd sh.ipp-sr.s Z!E\.;-n8 and address should be af.f'b:cd -[.0 t.h~ caz-
sid'a;!! and erilso Expe:d.mc~ has Lndi.ca'ted that the material for 3hipli:'.~J:.r.~r!.11
fall well.~..nthin tbe Ice li3nitso


;;,/// ;f~~~~r
.P' J" Lv Hanner'


Depa i: tznen t En.gi neex-
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From:
To: FUSRAPinfo
Subject: Re: Drum of KAPL waste discovered on the NFSS
Date: Wednesday, April 11, 2012 11:41:35 AM

Bob,

Thank you. Yes, I had intended to copy fusrap.doe - apologies. With respect to the drum of uranium
residue, please explain why americium-241 was detected in the drum contents.

Ann

In a message dated 4/11/2012 11:12:34 A.M. Central Daylight Time, FUSRAPinfo@lm.doe.gov writes:

        Ann, thank you again for providing additional information for our
        review. In regard to your comments below, we were aware of this finding,
        but the remediation of the NFSS has been under the jurisdiction of the
        USACE since the 1999 MOU. Our report therefore was focused on the
        cleanups of the historical storage of KAPL waste on the completed
        vicinity properties that took place prior to the MOU.  In addition, our
        initial conclusion is that the drum described in the letter report
        contained natural uranium residue and was probably not associated with
        the KAPL waste. Any KAPL waste would have contained uranium that was not
        in secular equilibrium (altered) or refined and containing residues of
        other isotopes.  The drum of waste found in 2006 was determined to be
        uranium ore (unaltered) without other isotopes that would have been part
        of the slurry from the evaporator bottoms of KAPL. In our report we
        focus on the results of the cleanups performed and the waste profile
        relative to what was looked for during the remediation.
       
        We are continuing to research this matter as well as the other comments
        and documents you provided and will provide a response to all at our
        earliest opportunity.
       
        I see that you cc'd fusrap@usace.army.mil on your email. I assume this
        was one of those very common Outlook address book mix-ups, so please
        continue to direct your future emails to, or cc, FUSRAPinfo@lm.doe.gov
        to help us maintain a central location for all of our communications.
        That will help us make sure that additional FUSRAP team members have
        access to your communications in the event that one of us is out of
        contact.
       
        Thanks again,
       
       
        Bob Darr
        Public Affairs
        SM Stoller Corporation
        DOE Legacy Management Support Contractor
        720-377-9672
        bob.darr@lm.doe.gov
       
       
       
       
       
       

mailto:Annlyon16@aol.com
mailto:FUSRAPinfo@lm.doe.gov
mailto:Annlyon16@aol.com
s40078
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From:
To: Gillespie, Joey (CONTR)
Cc: FUSRAPinfo
Subject: KAPL contamination prior to remediation and movement of soil off the LOOW site
Date: Friday, April 13, 2012 9:24:02 AM
Attachments: scan0109.pdf

Dear Mr Gillespy,

Surface soil cesium-137 contamination, up to 59,000 pCi/g was identified on the NFSS prior  to
remediation. It is not known what levels of cesium-137 were present on VP H' prior to the first AEC
clean up in 1972. However, cesium up to 33 pCi/g was still present in 1983.
It is concerning that surface soil from a Vicinity Property, VP H', known to be associated with KAPL
waste disposal was removed from that Vicinity Property PRIOR to DOE remediation.The reported use of
the soil was as top soil in domestic yards in Lewiston and at a school in Niagara Falls.

Please find the attached memo which documents the report of soil removal, prior to remediation. Is
there a record of DOE follow up on the reported removal of soil from VP H'? The SCA employee's
statement is supported by documentation of radium-226 and cesium-137 being detected in top soil at
Love Canal, (99th Street School).

Ann Roberts

mailto:Annlyon16@aol.com
mailto:Joey.Gillespie@lm.doe.gov
mailto:FUSRAPinfo@lm.doe.gov



FOR OFFie/1IL USE DNi Y
-rJ (~;vr
Memorandum


Jul.y 26, 1982 Copies to R. Cloutier, H. Boyle, file


S I t UPDATE ON SURVEYS OF LOOIV PROPERTIES E I i\ND II'U 1Jec . _


During ·the period of July 7-21, 1982, ORAl! continued the radiological
assessment of SeA properties E' and Il' at the former LOm~ site in
Lewiston, New York. The primary activities during this period were
ground radar and subsurface measurements. A total of 52 borehol(~iiwere
drilled. The \vater table at the time of the drilling was less than
2 meters below the surface.


Near grid location 460, 40N (see Figure 1) a layer of subsurface
contamination was found. This layer is approximately 0.6 m below the
surface and appears to be a blackish deposit about 0.25 m thick. The
layer extends over an area of approximately 30 m x 15 m. A soil sample
[rum tllis layer contained Ra-226 at a level in the range of 300 pCi/g.
1\ water sample wns obtained from a borehole through this lnyer, and a
preliminary estimate provided by Eberline personnel working at the
Niagara Falls Storage Site, indicated a Ra-226 concentration in pn
unfiltered sample of greater than 2 x lOlf pCi/I. AniJlysis of a filtered
sample, performed immediately upon return to Oak Ridge, indicates the
J~;)-226 level in this sample is approxinliJtcly 103 pCi/I. This difference
between tile filtered and unfiltered sample suggests high levels of radium
in the suspended solids.


Several other areas of subsurface contamination were noted at grid
locations 580, 35N and 140, 40N (Figure 2). The extent of contalnination
at these locations was much less than tIle area described above and
direct measurements in boreholes indicate radionuclide concentrations
are at least a factor of 10 less than those near grid point 460, 40N.


In addi tion to the Eberline laboratory manager, !'lr.Jim Turner, who
provided the preliminary analysis of the water sample, Hr. Gary Geissler
of SCA, and a representative of the New York Dept. of Environmental
Control, \.ho is perm::lnently stationed at t:he·SCA site, are aWRre that
subsurface contamination was located.


Thorough surveys of all buildings on the site were completed during this
visit. There was no indication of contamination or elevated direct
radiation levels in any of these structures.


While performing this survey one of the SeA employees mentioned to
tlr. Cole, the survey team leader, tha t the previous owner of area H'
had excavated portions of that property and sold it as fill dirt and top
soil. ..Ilis recollection was that this dirt had been used for several yards







in tlte LC\.Jiston .:lrc';}, .,\lel, he thought, al the 93rt! Street SclJo'Jl in
Niagara Falls. Since our survey hns idcntifieu nUlIlerOllS isolalvd areas
l,r ':~l-221i conlamin<llcd Hoil on area II', I anticipate that the Office of
llI'L'l":lt.iI\Il.ll Safety may want to pursue this mntter.


'Questions concerning this information may be rel'erred to me at 6-3305' or
Les Cole ~t ~-6654.


Jim nr~J]~"'L........c~~ ---
Pro' am Manager
Rad~ological Site Assessment Program
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From:
To: Gillespie, Joey (CONTR)
Cc: FUSRAPinfo
Subject: Omission of Post Remed. Survey /underestimation of contamination VP N/N" N
Date: Friday, April 13, 2012 11:28:01 AM
Attachments: NY.17-8[1].pdf

Dear Mr. Gillespie,

Reference the February 2012 Report, "Assessment of Historical Knolls Atomic power Laboratory Waste
Storage Locations Niagara Falls Storage Site, FUSRAP Site Lewsiton, New York", please note that KAPL
contamination on Modern property N/N' North is underestimated on page 19 of the report.

See attached report: DOE, Berger, "Post Remedial Action Survey, Property of Modern landfill Inc, Former
LOOW Site, Lewiston,NY", January 1982.

Elevated cesium-137 up to 1,025 pCi/g was detected in biased surface soil samples, after the Eberline
remediation, (69 pCi/g after subsequent soil removal) See pages 8 and 9 and table 4.
Limited analysis also revealed the presence of strontium-90 contamination, which would not be detected
by gamma surveillance.
The underestimation of cesium-137 and the failure to recognize Sr-90 as a contaminant of concern with
respect to KAPL waste on the NFSS and Vicinity Properties are both significant oversights in the report.

Ann Roberts

mailto:Annlyon16@aol.com
mailto:Joey.Gillespie@lm.doe.gov
mailto:FUSRAPinfo@lm.doe.gov
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PROPERTY OF MODERN LANDFILL, INC. 
LEWISTON. NEW YORK 
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Beginning in 1944. the Manhattan Engineer District and its 


successoi. the Atomic Energy Commission (AEC). used portions of the 


Lake Ontario Ordnance Works (LOOW). Lewiston. New York, for storage of 


radioactive wastes. These wastes were primarily residues from uranium 
processing operations. however, they also included: contaminated 


rubble apd scrap from decommissioned facilities. biological and 


miscellaneous wastes from the ‘University of Rochester, and low-level 


fission-product waste from contaminated liquid evaporator8 at the 


Knolls Atomic Power Laboratory @APL). Receipt of radioactive waste 


was discontinued in 1954. and following cleanup activities by Hooker 


Chemical Co., 525 hectare8 of the original 612 hectare LOOW site were 


declared surplus. This property was eventually sold by the General 


Services. Administration to various private, commercial, and 
/., 


” governmerital agencie6.l 


Modern Landfill. Inc. is the current owner of a 81 hectare tract 


from the former LOOW property (Figure 1). A triangular shaped 


section,,6.5 ,hectares in area located in the northwest corner of this 


tract. has undergone radiological assessment followed by ismedial 


action to remove radioactive residues. That section is the subject of 
this survey report. 


,.. 


7 
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,,:: 
The ,,s,ite is bounded on all sides by paved 


ror 
Road on ,the west. “0” Street on the north, and 


:< 
southeast. The actual property boundaries lie 


roads--Castle Garden 


Vine Street on the 


50 ft east and south 
respectively of the centerlines of Castle Garden Road and “0” Street. 
A chain link fence along the west and north boundaries separates 


Modern Landfill property from the Department of Energy’s Niagara Falls 
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Storagf? Site. The land is level with alternating open and ,sparsely 
wooded *aGeas. Surface features include a railroad track with three 
spurs. a drainage ditch (“K” ditch). and concrete foundations of four 
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~. 


?- 
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buildings (706. 707-E. 707-F. and 718) which were previously 


demolished. There are also several piles of brush and debris from 


land clearance during au earlier radiological survey. Figure 2 is a 


plot plan of the site. 
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Records and past aerial photographs indicate that containers of 


‘r”l 
,!;’ 


radioactive wastes were handled and/or stored on the Modern Landfill .,,.,/ IAil, 
property. These wastes were pximarily K-65 residues 
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from the 
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high-grade African ores. Drums of this material were temporarily 


stored ‘a%&g Vine Street. ‘Cest’li Garden Road, and “‘O- Street. awaiting 


transfer into the concrete tower located ou the DOE property north of 


“0” Street, or shipment to Fernald. Ohio. Limited storage and 


handling of fission product wastes from KAPL is also believed to have 


occurred in the vicinity of buildings 707-F and 718. near Castle ~. .,l ‘,,~ 
Garden Road. Radiological surveys, conducted by the Oak Ridge 


Operations Office of the AEC in June 1972; showed elevated direct 


radiation levels along Vine Street’near its intersection with Castle 


,Garden Road and at the northeast corner of the property.2 These 


latter levels are, due primarily to the K-65 residues stored in the 


nearby tower. Surface soil contamination was’also noted.at several 


locations and limited removal of soil was performed in those areas. 


m 
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The radiation levels were reduced to less than 50 n R/h above 


background at three feet above the surface--the guideline used by the 


AEC fork decommissioning excess properties. 


In October 1978. an aerial radiological survey of LOOW was 


iu conducted by EG6G. This survey did not identify significant gamma 


radiation levels on the Modern Landfill property.3 However, a mobile 


,A scan of ,axeseible LOGR roads.,performed by Oak Ridge National 


c ** ,. ,Laboratory in November 1980. confirmed the earlier AEC findings. 4 In 


r 
January 1981. a comprehensive survey of the Modern Landfill site was 
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conducted by Oak Ridge Natioual~ Laboratory. The survey indicated 
that the central portion of the property contained no radioactive 


!C 
‘5’ 


residues. but that surface soil near building foundations 707-F and 
~ i~j 718 cout,a,ined elevated levels,of Ra-226 and Q-137 and that there were 


h 
! ; : 


elevated concentrations ~of Ra-226 along portions of Vine Street. The 
i id possibility of buried containers of pyrophoric zirconium scrap near 


: 3, building foundations 707-E and 706 was also raised. ,,_/, 
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Under an agreement between Modern Landfill and the Department of 


Energy ,(DOE). remedial action was performed during May and early June 


1981 to remove areas of soil exceeding the release criteria. Soil 
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removal,was performed in the vicinity of pads 707-F and 718 and 


approximately 2 to 4 m  either side of Vine Street. The soil was 
transferred to the adjacent Niagara Falls Storage Site (NFSS) of DOE 


for interim storage. This work was performed by the property owner 


with radiological support provided by the Eberline Instrument Corp., 


Albuquerque. New Mexico. Grou,nd penetrating radar surveys were also 


conducted around pads 707-E and 706 to identify subsurface metalic 


deposits which m ight be buried zirconium or other wastes -- none were / 
found. A more detailed description of the remedial action and the 


results of the supporting survey will be presented by Eberline 


Instrument Corp.. in a separate report. 


Following the remedial action the post remedial action survey of 


the property’was performed on June 25-27. 1981. by Oak Ridge 
: l~x 


Associated Universities;~ 


h, 
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SURVEY PROCEDURES 
c 
# / 


f5 ,,., 


The’objectives of this survey were to verify the adequacy of 


remedial action, and to evaluate the current radiological status of 


the property with respect to the guidelines for release for 


unrestricted use. 
.~.,, 
,.>,,. 
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1. Grid System 


c 


., ,/ A 100 ft* grid system was established on the Modern Landfill 


& property as part of the January 1981 radiological survey (Figure 3). 
i, ,, This same base grid system was used for the remedial action and 


P! 
post-remedial action surveys, although a more closely spaced 15 ft 


grid waii’established in the vicinity of the building foundations and 
*,.* ,~ aiong,:vp+wb, street. 


To siinplify sampliug’point identification along 
* Vine Street, ORAU also established additional grid points at 50 ft 


intervals along the road center, beginning at the fence line near 


ir Castle Garden Road. These grid points were later referenced to the 
i ,,, main property grid for survey report uniformity. Figures 4 and 5 


h indicate the grid systems used for the post remedial action survey. 


2. Confirmation of Previous Survey Findings 


P? 


” 


9 / ; 


It was possible that remedial action’activities near the building 


foundations and along Vine Street may have resulted in the spread of 


contamination. To determine if this had occurred. measurements of 


direct radiation levels and sampling of surface soil were performed on 


portions-of the Modern Landfill property which had not been disturbed 


by the remedial action. Gamma exposure rates at 1 m  above the surface 


and beta’gamma dose rates at I’& above the surface were measured at 


lines , 
e‘ 


the intersections of’grid i.e. at 100 ft intervals, along 


(Ip ‘, east/west .lines C. G, and K. and north/south lines 3. 6. and 11. 
,i 
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Exposure rates were determined with NaI(T1) scintillation detectors, 


crose calibrated with a pressurized ion chamber. Beta-gamma do se 


rates were measured using an end-window Geiger-Mueller detector and a 


portable scaler/ratemeter. Conversion to dose rate (nrad/h) was 


performedby cross calibration with a thin walled ionization chamber. 


* English rather than metric units of meas2nrement are used in this repori. 
when referencing the grid system, 
established in units of feet. 


since this system was originaZty 
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Surface (O-5 cm) soil samples were collected at 200 ft intervals along 


the same grid lines used for direct measurements. The radiation 
levels an~d soil concentrations were compared to the data obtained for 


the corresponding locations during the January 1981 survey. The 
locations of these measurements’ and samples are shown on Figure 6. 


3. Area of Building Foundations 


Walkover surface gamma scans were performed in the vicinity of 


the building foundations 707-R and 718. using NaI(Tlj scintillation 


detectors. Approximately 1.5 m intervals were used for the scan, and 


areas exceeding 10.000 cpm (20 pR/h) at contact with the ground were 


noted. Gamma exposure rates and beta-gamma dose rates (see section 2 


above) were measured at 1 m and 1 cm above the surface respectively at I a.. 
the intersections of the 15 ft grid lines, established during the 


remedial action. Systematic surface soil samples were collected at 


the centers of the 15 ft x 15 ft grid blocks (Figure 7). Biased 


samples of surface soil were also collected at locations of elevated 


contact radiation levels identified during the walkover scan. During 


the survey. the property owner volunteered to perform additional soil 


removal i,n;areas of elevated direct readings. The removed soil was 


r? 
transferred to the NFSS where it was added to the pile of debris which 


_,, 


h 


originated from the earlier remedial action activities on this 


property.. Following this further clean-up, each location was 


remeasured and resampled. 
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4. Vine Street Area 


A walkover gamma scan was conducted at 1.5 m intervals, covering 


the road surface and shoulders. extending 30, ft either side of road 


center. Locations of contact levels exceeding lO.OOO’cpm (20 UR/h) 


were identified, and the property owner immediately removed additional 


surface soil or road surface to reduce the levels. Soil samples were 


not obtained from the areas of elevated direct readings until after 


this further clean-up. Gamma exposure rates and beta-gamma dose rates 
were measured at 1 m and 1 cm respectively , above the surface at 50 ft 
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intervals along the road center and,15 ft and 30 ft either side of 


road center. Along the southeast portion of Vine Street systematic 
surface,,,.soil samples were collected at 50 ft intervals, 15 ft from 
road center. and at 100 ft intervals. 30 ft from road center. Since 
no elevated contact locations were noted from the walkover scan of ,the 


northeast portion of Vine Street. systematic soil samples were 
collected at 100 ft intervals, both 15 ft and 30 ft from the road 


center. ‘along this portion of the road. Sample locations are 
indicated on Figure 8. .~. 


,,,z, 


.5. Sample Analysis 


Soil samples were analyzed by gamma spectrometry for Ra-226, 


Cs-137. U-235. U-238. Th-232, and K-40. Six samples having elevated 


Cs-137 concentrations were also analyzed for Sr-90. Additional 


information concerning analytical procedures is contained in 


Appendix A. 


RESULTS 


Gamma-Ray Exposure Rates 


The exposure rates at 1 m above the surface. measured at 100 ft 


intervals along ,the six grid lines (C. G, K. 3. 6. and 11). are listed 
o& ihe pp;; view (Figure gj; 


These exposure r’ates range between 10 
and 21 nR/h. compared to the results of the January 1981 survey when 


the exposure rates over the entire site ranged from 3.6 to 25.9 pR/h. 


The lower values obtained during the January survey may be partially 


,attributed to the snow cover present at the time of these 


measurements. There is a general Sncrease in the exposure rate as one 


approaches,the ‘northeast corner of the property due to the proximity 


of the K”65 storage tower; this was noted during the ‘January 1981 


.~,,,~ 
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survey aiso. The average exposure rate within the property boundaries 
was 12.8 pR/h. 
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,,... 
Beta-Gamma Surface Dose Rates 
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Surface dose rates measured along the six grid lines are 


presented on Figure 10. These measurements ranged from 15 to 
45 nrads/h. These measurements confirm the conclusions of the January 


1981 report, i.e. there is not a significant beta component in the 


direct radiation field on this property. 
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,,,,,, 
Soil Samples 


Concentrations of radionuciides in the soil samples collected 


from the previously surveyed area are listed’in Table 1. The 


concentrat~ion of radium-226 ranged ‘from 0.63 to 1.4 pCi/g. These 
levels are comparable to the average background radium-226 


concentration of 1 pCi/g for the LOCW region. The cesium-137 
concentra.t~tons in these same soils ranged from 0.17 to 1.2 pCi/g. 


again. comparable to the average background concentration of 


approximately 0.5 pCi/g for this region. Uranium-235. uranium-238. 
and thorium-232 concentration ranges were <0.03* to 0.22 pCi/g. ~2.3 
to 8.2 pCi/g. and 0.52 to 1.3 pCi/g respectively. Determination of 
potassium:40. performed as a general practice for soil samples, 


indicated concentrations from 10 to 17 pCi/g. 


Walkover Surface Scan 


The walkover surface scan of the area surrounding building 


foundations 718 and 707-F indicated 11 locations which exceeded 


20 pR/h at surface contact. These locations. indicated on Figure 11. 
ranged from 27 to 265 nR/h and were due to small isolated deposits. 


r* 
; / 


* The Zest than symbol indicates that the concentration measured was . . than tht!',mznzmwn statistics detection limit of the procedure. 
less 
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After tS?RroRerty owner removed additional soil from these areas, the 


contact erposure rates ranged from 13 to 24 nR/h. Contact radiation 
levels before and after the additional soil removal are presented in 


Table 2. 


Gamma Exposure Rates 
,,, 


Exposure rates measured at 1 m above the ground surface ranged 


from 9 to 18 pR/h with an average of 12.8 uR/h (Figure 12). The levels 


near foundation 718 are comparable to those noted over the remainder 


of the property (see above section on rechecks of previously surveyed 


areas). The levels in the vicinity of foundation 707-F are slightly 


higher (2-7 pR/h) than those near foundation 718. 


Surface Dose Rates 


Beta-gamma surface dose rates are presented ,on Figure 13. They 


range from 11 to 85 nrads/h with an average level of 27 prads/h. As 


was noted for exposure rates at 1 m above the surface, the surface 


dose rates are higher near foundation 707-F than they are near 


foundation 718 and the remainder 


remedial action. The difference 


approxima~tely two times higher. .~, _ 


Soil Con@$itrations 


of the property undisturbed by 


is variable but averages 


Concentrations of radionuclides determined in surface soil 


samples from around the foundations’area are listed in Tables 3 and 4. 


The systematic samples contained Ra-226 and Cs-137 concentrations 


ranging from 0.36 to 4.9 pCi/g and 0.05 to 24 pCi/g. respectively. 


Uranium-235. U-238 and Th-232 concentrations ranged from CO.03 to 
~,‘,’ 


0.2 pCi/g. x1.4 to 16 pC+/g. and 0.32 to 1.2 pCi/g respectively., 


Biased soil samples, collected from the areas of elevated contact 


levels identified by the’walkover scan, contained Ba-226 from 0.68 to 
12 pCi/g. ” These concentrations were reduced to 0.59 to 2.6 pCi/g 
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,., 
after additional soil removal. The Cs-137 concentrations ranged from 
16 to 10~25 pCi/g before further cleanup and from 2.5 to 69 pCi/g after 


additional soil was removed. Uranium-235. U-238 and Th-232 
concentrations were 0.020 to 25 pCi/g. c6.7 to 49 pCi/g. and 0.44 to 


1.5 pCi/g respectively before and 0.15 to 1.5 pCi/g. ~2.2 to 30 pCi/g. 


and 0.33”to 1.5 pCi/g respectively after additional soil removal. It 


was noted that the ratios of U-235/238 in samples. containing high 


concentrations of Cs-137, are above those found in natural uranium, 


i.e. 1:22. This suggests that the RAPL waste may have contained 


slightly enriched uranium along with the fission products. 


Strontium-90 concentrations determined for six of the biased samples, 


highest,in Cs-137. ranged from 12.8 to 111 pCi/g. The Cs-137/8r-90 


activity ratio ranged from 0.5 to 29 with an average of 6.5. There is 
no correlation of these ratios; however the average indicates that the 


Cs-137 concentrations exceed the Sr-90 concentrations. 


Walkover Surface Scan 


The,walkover surface scan located numerous areas of surface 


contact levels exceeding 20 uR/h. These locations, shown on Figure 14, 


were of both a point and extended source (general contamination) 


nature. %dasurements at these locations before and after additional 


soil removal are listed in Table 5. These levels ranged from 36 to 


128 pR/h and 11 to 33 pR/h before and after additional cleanup, 


respectively. All of these locations were noted between the 


intersection of Vine Street with Castle Garden Road and grid point F. 


9+00. No significant increases in radiation levels which could be 


attributed to residues or contamination in surface soil, were’detected 


between F; 9+00 and the northern boundary fence along “0” Street. 
:, 


Gamma Exposure Rates 
,., 


Gamma exposure rates 1 m above the surface along’vine Street 


ranged from 9 to 43 uR/h with an average of 17.3 uR/h (Figure 15). 
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Southwest of grid point D. l l+OO the levels were between 9 and 


20 pR/h; northeast of this point - in the direction of the K-65 


storage tower - the levels ranged from 16 to 43 vR/h. with the maximum 
levels (39 to 43 pR/h) along the north boundary fence line closest to 


these stored residues. 


Beta-Gamma Dose Rates 


” 


m  
: 


Dose rates at 1 ,cm above the surface ranged from 11 to 75 lisad/h 


(Figure 16). The average was 31 urad/h. The pattern for these 


measurements ,was similar to that for th,e exposure rates, with the ,.,. _,. 
higher levels being noted along the northeastern portion of the road. 


,* ! 


,” 
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Soil Concentrations 


Table 6 presents the concentrations of radionuclides determined 


in surface soil samples collected along Vine Street. following cleanup 


of areas Of elevated direct radiation levels (refer to the previous 


section describing the results of the walkover surface scan). These. 


samples contained Ra-226 and Cs-137 concentrations ranging from 0.23 


to 23 pCi/g and 0.02 to 1.2 pCi/g. respectively. Uranium-235. U-238, 


and Th-232 concentrations ranged from 0.04 to ,1.4 pCi/g. cl.9 to 


12 pCi/g/and <0.07 to 1.2, l-Xi/g. respectively. 
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COMPARISON OF SURVEY RESULTS WITR GUIDELINE8 


The’~soil cleanup criteria for sites. formerly utilized by ,the 


Msnhattan:~,,,,Engineer District and Atomic Energy Commission, are 


presented in Appendix B. With the exception of several small areas 


along Vine Street. the radionuclide concentrations in surface soil of 


the Modern Landfill property are less than 5 pCi/g of Ra-226. 80 pCi/g *.:; 
of Cs-137. and 100 pCi/g of Sr-90 above the area background levels. 


Of 66 soil, samples collected along Vine Street. five exceeded 5 pCi/g 


of Ra-226:‘above background; four of these samples were between 5 and 


10 pCi/g and based on the concentrations of other samples in the same 
., 
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areas. theaverage per 100 m2 is less than 5 pCi/g. One location, 
20 ft south of .the’road at grid point 1+15.‘5+90’. had a’net’Ra-226 


P 
!~ concentration of 22 pCi/g (23 pCi/g m inus l’pCi/g background). .,, 


Averaging with three nearby sample locations (numbers 160. 161. and 
g-3, 164) will result in an average concentration over a 100 m2 area of L 


approximately 7.7 pCi/g’above background. This level exceeds the 
‘e cleanup criteria of~5 pCi/g above background , averaged over 100 m2 and 


additional remedial action will’ be necessary if this lo’cation is to 


m  satisfy the criteria for unrestricted release of the property. 
I 


The cleanup criteria for formerly utilized sites does not provide 
” 
; : guidance regarding direct radiation exposure levels. The Nuclear 


Regulatory Commission’s Standards for Protection Against Radiation 
F 


(10CFR2Ct105) lim its the annual radiation dose to an individual in the 


general population to 500 m illirem.6 ,Assuming continual exposure, 
Ic* i.e. 168 h/wk. this is equivalent to an average exposure rate of 


approximately 60 nR/h. There are no locations on the Modern Landfill 


c3 property which exceed that value. 
I > 


II* An evaluation of the current radiation exposures at this site is 


presented in Appendix C. This section also compares these levels with I ,< 
the background exposure in the Niagara. New York. area and the 


” scientifically based guidelines established for the protection of ‘,, 
radiationworkers and the general public. 
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p SUMMARY 
/: / ,,, 


A post remedial action survey was conducted on a 6.5 hectare F 
#:~ portion of former Lake Ontario Ordnance Works property belonging to 


Modern Landf ill, Inc., Lewiston. New York. The survey included 
c 


surface radiation scans, measurements of direct radiation levels, and 
; j 


analysis for radionuclide concentrations of surface soil samples. 
” Emphasis was in areas of two building foundations and along Vine 


Street where remedial action had been recently performed by the 


” property owner. During the survey several isolated regions of 


F  ; .,, 


4m 
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c 
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residual surface contamination were identified and additional soil 


removal was performed in these regions. 


The results of the survey indicate that direct radiation levels ,., 
throughout the property are within the applicable federal guidelines 


for unrestricted areas. Soil concentrations satisfy the criteria for 
cleanup of formerly utilized sites with the exception of one small 


area along Vine Street. where the average radium-226 level of 


7.7 pCi/g slightly exceeds the guideline of 5 pCi/g. An evaluation of 


the potential radiation exposures to persons at the site.indicates 


that these exposures are within the federal guidelines and risks to 


such persons are negligible. 
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TABLE 1 


CONCENTRATIONS OF RADIONUCLIDES 
SURFACE SOIL FROM AREAS OF 


MODERN LANDFILL PROPERTY ,,,~ 
UNDISTURBED BY REMEDIAL ACTION 


IN 


(I 


Sample 
Concentration (pCi/g) 


Numb& h-226 G-137 u-235 U-238 Th-272 K-h0 


f-3 


P 


13 


hi ,i 


r, 
I 


, 


P 


1 0.93 * 0.14b 0.38 10.06 0.08 + 0.06 G.4 0.90 2 0.24 14 * 2 
?- 2 1.2 ?- 0.2 0.57 + 0.09 0.12 + 0.07 5.8 + 5.2 0.67 * 0.24 15 ?- 2 
6 ,,1 3 0.73 * 0.13 0.18 * 0.06 0.07 2 0.06 c3.3 1.0 t 0.2 15 +2 


4 0.63 ?- 0.15 O-17 * 0.06 0.07 + 0.06 <3.8 0.75 i- 0.25 17 -f 2 
m 5 0.87 + 0.14 0.32 * 0.07 <0.03 ~2.9 ,0.72 i 0.22 17 ?- 2 


6 1.1 !: 0.2 0.71 f 0.11 0.07 " 0.07 <4.6 1.1 2 0.3 16 ?-2 
12, 


i 0.85 1.1' + + 
0.2' 
0.12 0.66 0.53 k + 0.09 0.08 0.08 0.05 + * 0.07 0.05 i k " 3.5 8.2 * + 6.2 2.9 0.61 0.67 0.18 0.26 10 15 ?. + 2 1 


9 0.64 + 0.16 0.75 k 0.12 0.09 i'O.08 ~6.2 0.81 * 0.38 14 -F 2 
10 1.4 t 0.2' 0.87 + 0.11 0.12 0.07 ?: c3.5 0.83 f 0.25 15 t 2 
11 0.87 + 0.17 0.92 i 0.11 0.10 + 0.08 <3.9 0.52 + 0.27 10 t 2 


r, 12 1.0 * 0.2 0.97 2 0.10 0.08 f 0.07 <2.7 0.98 + 0.23 15 + 2 
13 0.88 + 0.16 0.89 + 0.11 0.17 2 0.08 4.0 + 6.0 0.91 i- 0.28 14 + 2 
14 0.85 -t O.fs; 0.52 + 0.10 0.13 t'O.07 2.6 f 3.7 1 1 


4 15 1.4 ?. 0.2 0.69 i: 0.09 0.12 + 0.08 c2.3 : ;; : ; + 
I 16 1.3 i 0.2 1.2 ?r 0.1 0.15 i- 0.08 7.2 ?- 6.4 


0.68 1:3 
i 


0"';5 0:3 
17 + 2 


17 0.96 2 O.ii?' 0.48 * 0.09 0.22 +'0.08 8.6 + 6.2 1.1 i- 0.3 12 i- 2 


'3 


t Refer to Figure 6 for sample locations. 
Errors indicated are 20 based on counting statistics only. 
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TABLE 2 


LOCATIONS NEAR FOUNDATIONS 718 and 707-P. 
WHERE SURFACE CONTACT EXPOSURE 


RATES BXCERDED 20 uR/h 


Radiation levels Radiation levels 


Locationa 
measured following after additional 


Grid Point remedial action only soil removal 
(M/h) (M/h) 


Bl D+91. 1+90 36 20 
B2 D+43. 1+40 267 14 
B3 D+32, 1+34 40 la 
B4 Dca5. 1+30 44 24 
B5 lx+20. 1+33 51 la 
B6 B+21. 1+44 36 la 
B7 E+33, 1+41 27 24 
BE B+28. I+85 27 22 
B9 E+lO. 1+75 27 16 
BIO Et7, I+89 29 20 


a Refer to Figure 11. 







TABLE 3 


m 
i ,: 


c 


CONCENTRATIONS OF RADIONUCLIDES IN 
SYSTEMATIC SURFACE SOIL SAMPLES 


FROM THE AREA OF 
BUILDING FOUNDATIONS 707-F AND 718 


Sample 
Numbera Grid Point Ra-226 


Concentration (pCi/g) 


cs-137 U-235 u-238 Th-232 K-40 
I ,.,, 


P 


i ,A 


v. 


,t ; 


m 


! 


26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


c 


ii 


40 
41 
42 
43 
44 


:65 
47 
48 
49 


13 56 
51 
52 
53 


P- 54 
I _' 55 


56 
57 
58 
59 
60 


Pm 61 : 62 
63 


pl 64 


v ,A 


c 


c+77, 1+32 1.4 + o.2b 
ct77. 1+47 1.2 * 0.2 
c+,77. li62 1.1 2 0.2 
ct77; 1+77 0.82 ?: 0.12 
C+77. 1+92 0.89 f: 0.14 
c+77. 2;'68"0.86 r a;'14 
C+77. 2+23 0.91 * 0.15 
c+77. 2+38 0.94 k 0.14 
C+92. 1+32 1.3 i 0.2 
c+92. 1+47 1.3 i 0.2 
C+92. lt62 1.8 + 0.3 
C+92. lt77 1.6 ?: 0.2 
C+92. I+92 1.1 + 0.1 
C+92. 2+08 3.1 t 0.3 
C+92. 2+23 3.0 + 0.3 
C+92. 2+38 1.1 + 0.2 
Dtoa. 2+U 2.2 + 0.3 
Dt23, 2t23 1.6 t 0.2 
D+38. 1447 2.2 f 6.2 
Dt38. I+62 0.60 i 0.09 
Dt38. it77 0.77 2 0.14 
Dt38. 1+92 0.75 i 0.14 
D+38. 2toa 0.98 i'o.12 
D+38. 2423 1.4 t 0.2 
Dt38, 2t38 1.1 i 0.2 
D+53. lt32 3.6 ?: 0.3 
~53, lt47 2.8 + 0.2 
Dt53. lt62 0.99 + 0.14 
D+53* 1+77 1.2 + 0.2 
w53. 1t92 1.2 i 0.2 
~t53'. 2gfla' 1.3 + '0.2 
D+53. 2+23 1.3 .t 0.2 
D+53. 2+3fJ 1.0 + 0.1 
Dt68. 1432 4.8 i- 0.3 
D+68. lt.&7 4.9 t 0.3 
Dt68. 1+62 1.4 I 0.2 
W68. 1t77 2.1 t 0.2 
Dt68. 1+92 1.5 * 0.2 
Dt68. 2toa 1.5 + 0.2 


0.77 + 0.08 
0'.84 f 0.11 
1.0 t Oil 
0.51 + 0.08 
0;89 k 0.10 
0.73 +'o.ba 
0.70 t 0.09 
0.61 2 0.09 
2.3 f 0.2 
2.4 it 0.2 
2.1 I! 0.2 
1.9 + 0.1 
0.05 i 0.04 
2.2 + 0.2 
2.0 i 0.2 
0.78 fr 0.10 
2.7 i 0.2 
3.9 i 0.2 
2.0 i 0.2 
0.62 5 0.07 
0.78 ?: 0.10 
0.69 t 0.09 
0.56 + 0.137 
0.93 ?: 0.10 
0.96 lr 0.10 
4~.3 i 0.2 
2.0 f 0.1 
0.82 i 0.09 
0.76 ?: 0.10 
0.79 i 0.10 
0.90 5 0.10 


:::9 + ; 0.1 0.07 
7.5 ; 0.3 
7.9 + 0.3 
5.0 f 0.2 
1.2 + 0.1 
1.3 t 0.1 
0.76 t 0.09 


0.06 + 0.06 


y).;; 
0:lO 


+,0.07 0.06 
i 0.06 


0.11 i 0.07 
0.10 +'o'.a7 
0.11 + 0.07 
0.04 + 0.07 
0.16 * 0.09 
0.16 * 0.09 
(I.15 t 0.10 
0.20 f 0.09 
0.13 * 0.05 
0.27 fr 0.18 
0.42 f 0.11 
0.11 + 0.07 
0.40 t 0.16 
0.06 + 0.06 
0.10 + 0.16 
0.07 t 0.04 
0.10 f 0.07 
0.11 + 0.07 


so.03 
0.13 2 0.07 
0.14 It 0.07 
0.18 + 0.12 
0.11 5 0.09 
0.09 k 0.06 
0.11 f 0.07 
0.08 + 0.07 
0.12 + 0.08 
0.11 i 0.07 
0.08 i 0.05 
0.56 t 0.12 
0.47 ?: 0.12 
1.2 t 0.2 
0.08 i 0.08 
0.15 + 0.07 
0.13 t 0.07 


‘~.,, 


31 


~2.5 0.57 + 0.20 11 II 
4.9 +_ 4.6 0.72 f 0.26 13 +2 
3.6 + 3.3 0.73 i 0.25 13 +2 
3.2 + 3.7 0.69 t 0.18 11 +1 


c3.7 0.81 + 0.25 13 +2 
8.8 i 4.3 0.49 + 0.22 13 ItI 


c3.4 0.65 i 0.23 13 +2 
6.6 f 5.9 0.79 + 0.25 13 *2 
4.3 + 4.8 0.52 f 0.25 11 +2 
4.3 2 4.8 0.43 i 0.22 11 i2 


.5.7 * 8.1 0.65 + 0.25 11 t2 
~3.2 0.60 !c 0.23 12 +2 


6.1 k 3.5 0.46 i 0.19 9.1t 1.2 
7.3 * 7.4 0.45 i 0.29 8.9+ 1.8 


c3.7 0.73 t 0.27 7.35 1.4 
5.4 + 5.0 0.92 t 0.26 13 +2 
5.8 + 5.9 0.59 + 0.25 6.72 1.4 


~2.5' 0.95 i 0.21 7.52 1.0 
c3.5 0.87 f 0.25 11 +2 


3.4 i 3.5 0.32 + 0.11 8.9+ 1.0 
c3.8 0.58 i 0.22 12 +2 
c3.8 0.67 t 0.25 12 i2 
c3.1 0.53 I 0.19 9.7 il.2 


6.4 + 6.4 0.54 _c 0.22 12 il. 
6.6 k 5.2 0.46 + 0.22 11 +I 
7.8 + 7.7 1.2 '+ 0.3 7.15 1.3 


c4.9 0.96 + 0.26 11 I1 
4.4 f 4.4 0.37 + 0.20 11 tl 


c3.8 0.73 + 0.26 9.3 il.4 
4.3 + 5.2 0.84 2 0.25 12 i2 


<4.3 0.76 + 0.23 12 ?12 
<3.5 0.64 f 0.26 14 i2 


2.6 t 3.5 0.74 5 0.19 12 +I 
16 ?: a 1.1 + 0.3 6.9t1.4 
8.9 + 7.6 1.0 ?: 0.3 9.3 il.4 


c3.8 0.82 I 0.21 12 *2 
6.7 t 5.3 0.48 + 0.23 a.5il.l 
4.1 + 6.1 0.57 2 0.24 11 ?l 


c2.9 0.39 + 0.20 9.121.3 
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8% Table 3, continued 


F 


Sample 
Concentration (pCi/g) 


" Number Grid Point Ra-226 cs-137 U-235 u-238 Th-232 K-40 


i :, 65 D-68. 2+fj 0.86 i 0.11 0.1; 2 0.05 0.09 0.05 i 2.7 3.8 i 0.74 + 0.18 11 tl 
66 D+68. 2+38 1.4 + 0.14 0.29 i 0.05 0.05 t 0.05 4.2 I 3.7 0.57 t 0.17 9.9 il.2 


m  k 67 rwa3. it32 1.1 2 0.1 3.2 t 0.2 0.26 I 0.07 7.3 i 4.7 0.94 + 0.22 14 +2 
68 MB. I+47 0.36 f. 0.08 0.90 i 0.08 0.11 a 0.04 4.0 t 3.2 0.44 * 0.15 7.0+.1.0 
69 D+a3. lt62 1.2 ?r 0.2 6.5 i (I.2 0.25 I 0.10 5.2 f 5.5 0.62 * 0.22 12 21 


y 70 nta3. ltn 3.9 + 0.2 2.4 + 0.1 0.27 + 0.09 ~3.6 0.78 + 0.25 9.4_+1.3 
g: f 71 D+83. it92 2.5 ~0.2 2.7 i 0.2 0.20 z 0.10 c3.3 0.66 + 0.26 11 i2 
1, ," 72 wa3. 2+08 1.0 2 0.2 1.1 + 0.1 0.12 f 0.08 a.6 k 4.9 0.82 + 0.26 9.8 *1.4 


73 D+a3. 2t23 3.9 ?: 0.2 2.3 f 0.1 0.27 0.09 i ~3.6 0.78 f: 0.25 9.4 +1.3 
c-m 74 wa3. 2+38 1.9 + 0.2 0.91 + 0.09 0.15 0.07 t c2.6 0.60 * 0.23 11 +I 
1, ,: 75 D+98. I+32 0.42 + 0.10 7.0 + 0.2 0.10 i 0.07 3.1 i 3.1 0.49 t 0.15 8.8 *l.i 


76 D+98, I+47 0.54 i 0.10 1.6 f 0.1 co.02 3.4 t 2.7 0.57 + 0.14 7.6 il.0 
F  77 D+98, 1+62 0.81 + 0.13 15 f 3 0.18 + 0.10 a.2 + 5.0 0.57 * 0.18 11 *I 


78 Dt98. It77 0.83 + 0.12 0.71 i 0.08 0.10 + 0.06 2.3 + 3.5 0.68 + 0.19 lo ?l 
79 Dr98. it92 1.2 _+ 0.2 1.7 + 0.1 0.16 ?: 0.07 7.9 5.4 + 0.78 + 0.24 11 +l 
80 1+32 0.42 3.1 0.2 0.06 0.05 Cl.4 0.43 + 7.8 Et15, + 0.09 t + 0.16 *l.O 


13 al ~+15. lt47 0.43 + 0.08 1.9 + 0.1 0.04 0.04 + a.9 0.39 2 0.12 7.2 +I.0 
t i 8": E+15. lt62 0.50 + 0.15 14 I + 1 0.23 i 0.09 8.9 t 4.2 0.60 i 0.17 12 *I 


E+l5. 1+77 0.81 + 0.12 0.77 +_ 0.09 0.17 + 0.06 6.0 + 4.2 0.51 f 0.18 7.7 il.2 
" s": Et15. 1+92 1.1 * 0.1 0.92 f 0.10 0.17 t 0.08 4.1 + 4.5 o.53 + 0.20 9.1 +1.3 


E+30. lt32 1.0 + 0.1 4.8 + 0.,2 0.18 i 0.08 Cl.9 o.48 t 0.18 10 *I 
86 E+30. 1+47 '0.72 + .0.12 3.8 +_ 0.2 0.14 + 0.06 3.5 + 3.8 0.78 f 0.18 12 +_I 
a7 E+30. lt62 0.58 * 0.09 0.86 + 08 0.05 0.06 + -3.9 0.57 f 0.17 10 il 


ICI 88 I+77 I E+30. 1.2 ?: 0.1 Oi86 + 09 0.17 0.07 + 1.9 2.9 t 0.68 + 0.20 12 *l 
a9 Et30. lt92 1.9 t 0.2 1.2 + 0.1 0.13 0.08 i 7.1 '6.2 i 0.74 2 0.25 12 i2 
90 Et45. 1+32 1.4 + 0.2 2.6 + 0.2 0.27 0.08 + ~2.9 0.60 ?. 0.24 12 k2 


r 91 Et45. lt47 1.3 t 0.2' 24 + 1 0.95 2 0.17 16 t 7 0.66 ?: 0.20 13 *l 
92 lW45. lt6Y 4.4 t 0.2 0.15 + 0.05 0.18 0.08 'I 6.7 5.5 ?r 0.73 f 0.23 2.5 t0.8 


I , 93 E+45. 1+77. 1.8 ?: 0.2 1.1 ?: 0.1 0.19 0.10 * x4.9 0.76 ?: 0.28 a.2 il.3 
94 E+45. I+92 1.2 + 0.2 0.88 + 0.10 0.15 0.07 * 3.5 5.1 ?: 0.68 + 0.24 9.9 il.4 


F  95 Et60. lt32 0.94 + 0.14 0.96 + 0.10 0.10 0.07 c c3.9 0.86 i 0.25 11 +2 
96 Et60. lt4i~ 0.96 + 0.15 1.1 b f 0.1 0.14 0.08 + 6.6 6.9 + 0.73 i 0.24 9.2 1 +1.4 


P a Refer to Figure 7. 
!, J b Errors are 2ubased on counting statistics only. 
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TABLE 4 


CONCENTRATIONS OF RADIONUCLIDES IN BIASED SOIL SAMPLES 
COLLECTED FROM THE AREA OF BUILDING FOUNDATIONS 707-F AND 7i8 


Sample 
Numbera Ra-226 cs-137 


Concentration (pCi/g) 
U-235 u-238 Th-232 K-40 Sr-90 


Bl 
Bl* 


B3 
B3* 


li4 
B4* 


B5 
B5* 


B6 
B6* 


B7 
B7* 


BE 
BE* 


B9* 


BlO 
BlO* 


Bll= 


1.9 * 0.9 
2.6 + 0.3 


::4 i 0.2 1 
* 


2.8 t 0.4 
2.3 A 0.3 


1.1 to.2 
1.3 + 0.3 


1.2 * 0.3. 
1.4 to.2 


1.7 to.3 
2.0 fO.3 


0.78 20.14 
0.87 +0.17 


0.68 to.22 
0.59 kO.11 


1.0 to.2 


1.1 +0.2 
0.4 IO.1 


0.74 to.09 


220 tl~ 3.1 * 0.6 
69 + 0.8 0.67 * 0.27 


1025 ?r 3 25 + 1 
31 k 0.5 0.32 i .15 


a9 20.9 0.78 + 0.23 
40 f 0.6 0.47 i 0.19 


20 *0.4 0.48 + 0.15 
57 t 0.8 1.2 i-,0.3 


65 to.7 0.70 f 0.25 
25 i0.5 0.39 + 0.17 


72 kO.8 1.7 20.2 
65 kO.7 1.5 io.2 


16 to.3 0.50 i-o.12 
20 +0.4 0.39 f 0.12 


64 to.6 0.20 kO.16 
2.5 kO.1 0.19 t 0.06 


14 co.3 0.22 i-o.09 


30 to.5 0.64 ~0.12 
11 to.3 0.15 t 0.08 


4.1 +0.1 0.18 20.05 


24 + 11 0.45 + 0.29 
4.4 + 6.4 0.46 f 0.27 


22 +16 0.86 A 0.60 
X4.9 0.33 c 0.20 


<6.7 0.60 5 0.26 
ii A  a 0.86 f 0.27 


8.0 f 6.5 0.83 t 0.32 
30 Cl0 1.5 kO.3 


8.1 + 7.8 ‘1.5 AO.3 
8.8 + 6.3 0663 i 0.26 


49 ?lO 0.87 k 0.23 
29 + 7 0.67 k 0.21 


15 + 5 0.71 ?r 0.22 
10 f 6 0.68 * 0.19 


7.4 i4.0 0.44 to.14 
5.2 ~4.5 0.71 t 0.18 


<3.0 0.67 + 0.20 


15 f 6 0.62 + 0.18 
c2.2 0.41 co.13 


<I.6 0.31 to.11 


4.9 + 1.1 
5.2 t 1.0 


5.8 i- 1.0 
4.9 A 0.9 


9.0 21.5 
11 i ~2 


9.3 f 1.3 
14 t 2 


11 + 1 
13 + 2 


11 + 1 
11 * 1 


14 ? 1 
13 + 1 


8.8 t 1.1 
10 t 1 


13 * 1 


9.9 il.2 
6.3 to.9 


5.7 to.7 


12.8 + 1.0 


35.2 t 1.4 


51.0 i 1.6 
29.6 + 1.2 


111 + 3 


65.4 + 2.4 


a Samples without * were collected after remedial action but prior to additional soil removal. 
Samples with * were collected after the property owner removed additional soil in these areas. 


b Errors indicated are 2 a based on counting statistics only. 
c Sample of sediment from  pit below building foundation 718. 
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TABLE 5 


LOCATIONS ALONG VINE STREET 
INDICATING SURFACE CONTACT 


EXPOSURE RATES RKCERDiNG '20 pR/h 


Radiation levels Radiation levels 


Locationa Grid Point 
measured follqwing after additional 


remedial action only soil removal 
(1.IR/h) CUR/h) 


Q2 Lta5. lt70 44 
Q3 
v4 
Q5 
V6 
v7 
va 
Q9 
VlO 
Vll 
v12 
v13 
VI4 
v15 
V16 
v17 
via 
v19 
v20 
v21 
v22 
Q23 
Q24 
Q25 
V26 


L+a5. it95 
L. 2+70 
K+70, 3+00 
K+50. 3tO0 
K+45. 2t90 
K?lO. 3+60 
5+70. 3tao 
1+85. 4t90 
1+70. 4+95 
1+20. 5t45 
1+20. 5t50 
1+15. 5+60 
H+70. 6+05 
R+a. 6+50 
ll+5. 6+55 
Gt35. 7+45 
Gt50. 7t50 
Gt30. 7+65 
G+45. 7+10 
Gt35. 7+20 
G+20. 7+25 
G+lO. 7+60 
F+95. 7t65 
F+15. a+95 


;i 
76 


1:: 
89 
36 


178 
67 
44 
56 
56 
71 
44 
93 


111 
40 
51 
71 
38 
44 
56 
44 
78 
51 


13 
16 
la 
27 
16 
11 
22 
27 
16 
22 
22. 
22 
22 
22 
27 
la 
22 
16 
la 
20 
33 
29 


:i 
11 


a Refer to Figure 14. 
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I,, ;y>, TABLE 6 


CONCENTRATIONS OF RAD?ONUCLIDES IN 
SYSTEMATIC SURFACE SOIL SAMPLES 


COLLECTED FROM THE REMEDIAL ACTION 
AREA OF VINE STREET 


i) 
St¶Plple 


Concentration (pCi/g) 


P Numbera Grid Point h-226 h-137 U-235 D-238 7%232 K-40 


: I 


102, 
w.. 103 


104 
105 


” 106 
107 
108 
109 


m  110 
111 
112 


fY 113 
114 
115 
116 


I” 117 
118 
119 
120 
121 
122 
123 


F~ 124 
125 _ 126 
127 
128 


8 


)I 


r 


F  
,I. : 


129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 


L+60. 2+20~’ 8.0 t 0.P 
L+25, 1+90 1.4 * 0.2 
K+65, 2+70 1.2 t 0.1 
L+oo, 3+00’~ 1.6 f 0.2 
J+85. 3+30 2.6 f 0.2 
K+20. 3+60' 3.4 + 0.2 
J+30. 4+15 2.4 + 0.2 
J+60, 4+45 1.4 + 0.2 
I+45. 4+70 3.3 i 0.3 
1+80. 5+05 0.69 i 0.10 
ll+85. 5+55' 1.1 i 0.1 
1+15. 5+90 23 i 0.1 
ll+ 5, 6+15 1.1 & 0.1 
li+40, 6+50 3.5 t 0.2 
G+SO, 7+00 1.9 + 0.2 
G+80. 7+30 1.2 + 0.1 
p+70. 7+60 1.8 i 0.2 
G 0 7+90 5.7 2 0.3 
F+ 5. 8+40 0.88 + 0.13 
F+40 s 8+75’~‘1.1 + 0.2~ 
E+25. 9+05 0.88 f 0.15 
E+55. 9+35 0.97 t 0.14 
D+70. 9+85 0.73 + 0.13 
E+ 5. IO+15 0.85 k 0.13 
c+90* 10+50 0.59 + 0.13 
D+20, lo+80 0.77 ?: 0.12 
C+25. 11+30 ‘0.83 + 0.12 
C+bO. 11+60 0.81 i 0.13 
B+45. 11+90 0.77 i 0.15 
B+80. 12+25 0.76 + 0.12 
A+85. 12+70 ““0.64 i 0.12 
B+20. 13+00 ‘1.4 + 0.2 
A+lO. 13+30 0.94 f 0.15 
A+40, 13+65 0.81 + 0.12 
A-10. 13+65 0.73; 0.11 
A-10, 14+30 1.1 + 0.2 
L+70. 1+65 3.5 + 0.3 
M  l 1+85 1.5 f 0.1 


0.50 50.08 0.63 to.11 8.3 ‘- 7.6 0.95 to.25 8.5_+ 1.2 
1.2 -+O.l 0.06 i 0.10 6.1 + 6.6 0.76 i 6.32 15 + 2 
0.22 -3 0.06 0.12 t’O.06 ~3.8 0.63 t 0.19 11 _c 1 
0.52 iO.08 0.19 to.07 6.5 + 5.8 0.80 kO.26’ 12’ t 2 
0.23 i 0.07 0.12 + 0.08 ~3.6 1.2 i 0.3 17 t 2 
0.50 t 0.09 0.22 0.08 + <2.,4 0.58 fr 0.23 12 i 2 
0.46 i 0.08 0.27 0.09 10 + + 8 1.1 i 0.3 18 i 2 
0.41 i 0.07 0.26 i 0.12 2.6 + 4.1 14 t 2 
0.45 + 0.08 


0.98 f 1.23 
0.31 0.10 k <4.0 0.92 c 0.24 14 t 2 


0.04 k 0.04 0.06 0.05 5.8 i t 4.8 0.56 + 0.20 13 ? 1 
0.46 i 0.08 0.15 0.06 k <2.7 10 + 1 0.60 k 0.11 0.61 + 1.4 0.2 ~6.7 0.21, 


+ 0.62 + 0.38 14 t 2 
0.52 + 0.09 0.15 0.07 3.0 + k 4.5 0.70 _+ 0.22 12 + 2 
0.21 f 0.06 0.30 0.09 2.7 i ?: 4.1 0.56 kO.19 12 i. 1 
0.14 f 0.05 0.19 0.07 2 c2.7 12 t 1 
0.60 A 0.08 


0.95 * 0.24 
0.08 LO.06 (2.1 0.78 + 0.20 11 I 1 


0.44 i 0.08 0.11 f 0.08 ~4.6 
0.33 + 0.‘07 


1.2 + 0.3 13 +2 
0.20 ?: 0.11 5.3 k 7.9 co.22 9.4+ 1.3 


0.09 + 0.06 0.05 + 0.07 ~4.2 
0’.71 ?: 0.10 0.08 2 0.07 ‘3.6 i’4.7 


0.37 + 0.22 8.9i 1.3 
i.1 + 0;3 11 F2 


0.70 i 0.10 0.10 + 0.08 2.9 4.0 i 0.67 0.25 + 12 2 2 
0.59 + 0.09 0.07 f 0.06 c3.0 0.80 + 0.23 11 ?- 2 
0.31 + 0.06 0.12 k’O.65 c3.0 0.95 + 0.22 11 t 2 
0.67 + 0.09 0.18 + 0.07 4.0 4.7 i 
0.54 +'o.C@ 


0.77 f 0.24 13 + 2 
0.08 + 0.06 3.5 k 5.0 0.62 0.26 


0.47 0.07 
i 12 f 2 


+ 0.10 i 0.06 c2.0 0.61 0.20 11 1 
0.54 + 0.08 


+ + 
0.08 i: 0.06 ~2.8 0.44 0.21 


0.48 t 0.08 
+ 11 2 + 


0.05 + 0.06 4.2 ?: 4.6 0.59 + 0.23 10 ?: 2 
0.81 k 0.19 0.10 + 0.08 c4.5 0.63 0.28 ; 
0.50 0.07 


12 + 2 
i 0.07 0.05 3.8 i i 4.3 0.86 0.21 ; 11 1 _+ 


0.35 k 0.07 0.08 i 0.06 <2.8 0.52 0.18 11 2 
0.50 0.08 


; i 
k 0.10 ? 0.06 c3.1 0.72 0.22 


0.78 f 0.25 
11 1 


0.26~2 0.07 
” 


0.06 t 0.06 4.2 k 5.1 0.42 0.07 0.09 t 0.05 <2.4 t 14 2 + 
+ 0.58 0.19 0.10 0.04 0.08 0.05 3.8 + 11 1 i 
+ k i 3.8 0.86 + 0.20 13 2 


0.48 0.07 + 0.09 0.07 8.0 2 i 4.2 0,70 0.23 ; 
+ 


11 1 
0.37 0.09 


+ 
f 0.11 i 0.10 ‘3.4 f 7.4 0.50 0.30 ; 13 2 


0.04 0.04 
* 


+ 0.15 0.06 3.9 5 4.3 + 0.79 * 0.18 15 1 i 


35 
:.z‘i 







F, : : : 
r ,) ,,,~ 


E” Table 6, continued 


p p ,7,,_ ,7,,_ 


/. :,. /. :,. ,,., ,,., Concentration (pCi/g) Concentration (pCi/g) 
Sample S.%llDle 
Number Grid Point Ba-226 Ca-137 U-235 U-238 Th-232 K-40 Number Grid Point Ba-226 Ca-137 U-235 U-238 Th-232 K-40 


is,; ,, 
140 L . 2+35 3.8 2 0.3 0.73 +_ 0.11 0.26 t 0.11 5.6 i 8.9 0.59 f. 0.29 10 i 1 
141 L+25, 2+55 2.0 + 0.2 0.12 i 0.06 0.14 t 0.08 c4.9 0.84 i- 0.28 16 t 2 


" 142 K+30. 3+10 3.6 + 0.2 0.75 i 0.10 0.13 i 0.10 12 i 8 0.78 ?: 0.27 14 i 2 
143 K+SS. 3+30 0.23 i 0.06 0.05 i 0.02 0.04 ? 0.03 a.9 0.07 i 0.09 1.9+ 0.6 
144 J+60. 3+80 7.3, +_ 0.3 0.53 C 0.10 0.27 t 0.13 3.1 ? 8.8 0.60 f 0.32 13 k 2 


I 145 J+85. 4+00 1.2 f 0.1 0.06 f 0.03 0.08 f 0.05 ~2.7 0.66 I 0.18 13 + 1 
146 1+95. 4+50 1.8 k 0.2 0.51 + 0.08 0.14 A 0.07 4.6 + 5.5 0.77 5 0.22 13 ? 2 


i. 147 J+20. 4+70 2.9 i 0.2 0.63 c 0.08 0.12 + 0.09 5.9 i 6.5 1.0 k 0.3 11 +2 
14 F . 9+00 2.3 i 0.2 0.74 + 0.09 0.25 t 0.08 c3.3 0.80 i 0.23 11 t 1 


" 149 E+75. 8+80 0.94 i 0.12 0.42 f 0.07 0.12 f 0.05 c3.4 1.0 t 0.2 12 + 1 
150 F+30. 8+6!,, 1.9 + 0.2 0.85 + 0.09 0.25 i 0.07 <3.2 0.56 f 0.21 9.1i 1.2 
151 F+70. 8125 1.3 1.0.2 0.52 ck il.07 0.17 5 0.06 5.5 I 5.2 0.66 i 0.18 11 i 1 


E 152 F+45. 8+05 1.1 + 0.1 0.28 ?: 0.06 0.11 + 0.05 4.0 + 3.7 0.60 + 0.17 9.01 1.1 
153 F+75. 7+7'$ 2.0 f '0.2 0.47 t 6.06 0.18 e~O.06 5.3 i 4.2 0.68 f'O.17 10 + 1 


i 154 'G+10. 7+% 3'.3 i 0.2 0.03 f. 0.04 0.27 t 0.08 4.8 t 4.8 0.73 i 0.21 11 i 1 
155 G+35. 7+55 6.9 i 0.3 0.41 + 0.08 0.71 f 0.12 ~3.2 1.0 + 0.3 11 +l 


m  156 G+70. 7+20 1.5 ?: 0.1 0.07 ?: 0.04 0.13 + 0.06 5.7 4.3 ?: 0.72 t 0.18 12 1 t 
f ~,,. 157 "+ 5. 6+80 1.2 c 0.1 0.02 + 0.03 0.15 + 0.05 4.0 i 4.2 0.84 + 0.20 12 t 1 .,., 


158 G+80. 6+65 2.1 t 0.2 0.66 f 0.67 0.18 + 0.07 ~3.8 0.73 i 0.21 13 t 1 
159 li+15. 6+25 1.4 + 0.2 0.57 t 0.08 0.12 f 0.06 3.1 -k 3.6 0.81 + 0.21 12 + 1 


Y 160 H+80. 6+15 1.8 i 0.1 0.33 + 0.06 0.14 A 0.06 c3.1 0.51 t 0.17 12 i 1 
I~,. 161 1+10. 5+75 8.1 + 0.3 0.33 t 0.08 0.66 ?: 0.12 c3.7 0.77 i 0.25 14 t 2 


162 li+so. 5+95 0.53 + 0.09 0.08 + 0.04 0.07 r~ 0.04 6.0 " 4.1 0.59 t 0.18 11 i 1 


f-J 164 163 J+SO. 1+50. 4+35 5+@ 1.2 2.0 * * 0.1 0.2 0.40 0.26 + i 0.07 0.06 0.23 0.63 + i'O.06 0.07 3.9 c3.1 ? 4.9 0.82 0.62 5 + 0.22 0.22 15 18 +_ + 2 2 
165 L+35. 1+9:f 0.85 i '0.11 0.51 f 0.06 0.07 zk 0.05 ~2.9 0.64 + 0.17 13 1' + 


.r* 166 1+20. 5+20 1.4 t 0.1 0.43 i 0.06 0.21 f 0.06 <3.1 0.53 + 0.18 8.7* 1.1 
167 J&95. 3+40 4.7 k ~0.2 0.38 + 0.06 0.32 k 0.09 5.2 + 5.0 0.53 i 0.20 13 +'l 


,/ 168 1+55, 4+85~ 1.7 + 0.1 0.36 t 0.05 0.09 + 0.06 3.7 c 4.2 0.60 i 0.17 13 i 1 
170 K+90. 2+96 3.7 * 0.2 0.35 2 0.07 0.30 + 0.08 5.1 + 4.5 0.78 f 0.23 12 + 1 


!- 
.-, 


a Errors indicated are 20 based on counting statistics only. 
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APPENDIX A 


INSTRUMENTATION AND ANALYTICAL PROCEbURES 
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APPENDIX A 


Instrumentation and Analytical Procedures 


dr* ,., 
Walkover surface scans and measurements of gamma exposure rates 


I were per&&ed using a Vi&&e& Thy’ac~ III Model 496 portable 


‘Ic” 
* 
1 j 


:, r” 
: <:,-; 


:. c”1 


ratemeter with a Victoreen Model 489-5 gamma scintillation probe 


containing a 3.2 cm x 3.8 cm NaI(T1) scintillation crystal. Count 
:~‘I: 


rates (cpm) were converted to exposure levels (pR/h) using a factor of 


440 cpm = 1 uR/h. This factor was determined by comparing the 


response’of the scintillation detector to gamma photons from 


radium-226.with that of a Reuter Stokes model RSS;lll pressurized 


ionizatibii chamber. 


h 
) 


,c 
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Measurements were performed using Eberline *Rascal.” Model PRS-1. 


portable’ratemeters with Model HP-260 thin-window. pancake G-M, beta 


probes. Dose rates (mrad/hr) were determined by comparison of the 


response of a Victoreen Model 440 ionization chamber survey meter to 


that of the G-M probes for a composite of soil samples from the site, 


which were high in radium-226 content. The conversion factor 


determined was 2.4 cpm = 1 urad/h. .., ., 


,,.,” 


Gamma Spectrometry 


Soil samples were dried at 12O’C. finely ground. m ixed. and a 


portion placed in a one-liter Marinelli beaker. The quantity placed 


” ” ” ~‘in each reiker~‘was chbseh to r’eprbduce ‘the calibrated’ counting 


geometry and ranged from 400 to 600 grams of soil. The beakers were 


capped but not sealed. Net soil weights were determined and the .,~ 


m  


,~_,,Z 


.T 
. . 


samples counted using .s 23% Ge(Li) detector (Princeton Gamma Tech) 


I ,~~ 
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coupled to a Nuclear Data model ND66 pulse height analyzer. The 


following energy peaks were used for determination of the 


radionuclides of concern: ,,,, 


” Ra-226 - 0.609 MeV from Bi-214 (see discussion below) 


Q-137 - 0.662 MeV 
F @,i, 


b? 


r+ 


U-235 - 0.185 MeV 


U-238 - 1.001 MeV from Pa-234 (secular equilibrium assumed) 


Th-232 - 0.907 MeV from AC-228 (secular equilibrium assumed) 


K-40’ - 1.46 MeV 


t,: The background plus Compton continuum was stripped from each of the .., 
photopeaks of interest. prior to applying appropriate calibration and 


h 
i; * 


correction factors. 


To evaluate the effect of possible radon losses on the 


equilibrium of Bi-214 with Ra-226. several soil samples were sealed in 


counting beakers. The relative photopeak intensities of various ,,, 
Ra-226 decay products were noted and compared to the relative 


P” 


f-- i:, 
\ ,. 


intensities of capped, but unsealed , samples over a time period 


necessary for the Bi-214 peak intensity to stablize. From this 


comparisou’it was determined that radon losses resulted in a 20% 


decrease in the Bi-214 concentration and that ‘this condition reached 


an equilibrium state in the unsealed sample within approximately three 


days after sample preparation (drying. grinding. and placing into the 


beakers). Sufficient time to reach this equilibrium state was 


therefore,:<allowed be,tvee,n sample preparation and analysis, and a 


correctioq for the 20% decre+se,due to radon loss was applied to all 


Ra-226 calculations based on the Bi-214 photopeak intensity, 


k 
i, i 


u=d 
i. ,I 


,~,.> 
Par U-235 &mlysis , contributions in the 0.185 MeV photopeak area 


from the 0.186 MeV Ra-226 gamma ray were subtracted. The ratio of the ,, 
0.186 MeV to 0.609 MeV peak intensities in a soil sample containing 


Ra-226. but no U-235. was determined and this ratio was multiplied by se: 


m 
,i;, 


,F 


the intensity of the 0.609 MeV photopeak in each of the samples to 


determine,,.the magnitude of this contribution. 
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Strontium-90 


,m 1. 


2. 


F, 
3. 


4. 
& ,, ,, 5. 


P? ,c ,i ,’ 6. 


x 
I I 7. 


I. 
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e- : 
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Weigh a 5 g aliquot of dried soil. 
. 


Pipet 1 ml strontiuni carrier (20 mg/ml) and 1 ml barium carrier 


(10 &ml) into the soil. 


Add i ml of 2M calcium nitrate solution. 


Add 12.5 g of sodium hydroxide pellets. 


Fuse over a burner for 30 minutes and then slowly stir in 2.5 g 


of anhydrous sodium carbonate and heat the clear red melt for 30 


minutes. Sometimes it is necessary to add extra sodium hydroxide 


to special samples. (Note:, A crucible cover is used during the 


fusing procedure to prevent loss of sample. should it spatter.) 1, 
Remove the crucible from the flame to a cold water bath to crack 


the mixture. Let st,and incold water approximately 20 minutes 


Cra&,,the mixture! put the mixture in a one-liter beaker and add 


25O’<l of boiling distilledwater to crucible to remove any 


remaining melt. Transfer solution from crucible to the one-liter 


beaker. Place the beaker on a hot plate and set’on the medium 


setting. Boil to disintegrate the fused mixture. Add boiling 


distilled water to keep the volume between 200-250 ml6 of 


solution. 


Cool,IIjn a water bath, aad then transfer the m,irture to a 250-1~1 


centrifuge bottle with distilled water. 


Centrifuge for 5 minutes and discard the supernate. Wash the 


precipitate twice with 200-1111 portions of hot distilled water. 


Heat ‘the precipitate on a hot plate until the precipitate begins 


to bump or bubble. Add 20 ml of 6& hydrochloric acid to dissolve 


the precipitate. Add 100 ml of hot distilled water to the 


dissolved sample and filter through an E&D No. 513 or equivalent 


32-cm filter into a 500-1111 Erlenmeyer flask. Wash with 2 lOO-ml 


portions of hot distilled water. Discards the residue. .,..,, 
Add dissolved sample and filtrate to 500 ml. 6-percent EDTA 


solution. In a two-liter glass beaker , adjust the solution to pH 


4.2 or until the solution is clear with,l5B ammonium hydroxide. 


then hack to 3.8 with concentrated hydrochloric acid. 
L j~i 
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Wash the column with 200 ml water at a flowrate of 20 ml per 


minute. Discard all the effluents. 


Place 460 ml 1.5& hydrochloric acid in reservoir, and elute at a 


floGate of 10 ml per minute. 


Discard first 60 ml of effluent. Collect the next 400 ml, which 


contains the strontium fraction. 


Reg$&atk resin with 666 ml &B sodium chloride at’s flowrate of 


10 ml per minute and collect the effluent. This contains the 


barium fraction. 


Wash”the column with 200 ml distilled w’ater. 


‘T- iL 
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To the strontium fraction. add 210 ml concentrated ammonium 


hydroxide and stir with a magnetic stirrer. 


Slowly add 10 ml 3B sodium carbonate solution and stir for 30 23. 


minutes. ,, .: 
24. Collect the strontium on tared membrane filter. Wash 3 times. 


once,,with lo-ml portions of each: deionized water. 95 percent 


alcohol. and diethyl ether. 


: 1,: 


NOTE,: pFi 3.8 is very important. If pH is less than 3.8. EDTA 


may precipitate. 


Stir the solution vigorously for at least 30 minutes to 


precipitate the magnesium salt of EDTA. Allow the precipitate to 


settle overnight. 


Filter and adjust the filtrate to pH 5.8 with approximately 3 ml 


15fi ammonium hydroxide. Add 20 ml buffer solution (pH 4.6) and 
-7.1 


adjust pH to 4.6 with 61J. hydrochloric acid or dilute ammonium 


hydroxide then dilute to 1 liter. (Note: Use E&D No. 513. 32 cm 


foldid paper or equivalent to filter the magnesium salt.) 


Let the solution flow’through the resin column at 20 ml per 


minute. Stop the flow when just enough solution remains to cover 


the resin. 


Com&ne 200 ml 6 percent EDTA and 460 ml water; adjust to pH 5.1 


yith~6fi ammonium hydroxide. place in reservoir, and let flow at 


20 ml per minute. 


Record time at end of elution as beginning of ~yttrium-90 


ingrowth. 
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25. Wei$. and count radiostrontium in a Tennelec mod,el LBSlOO 


low-background beta counter. after a suitable delay to allow for 


rad&g decay. 


26. If the first count his not obtained w+thjn,,thirt,een hpurs (i.e.. 


count,er jams. power failure, .etc.). the sample must be 


reanalyzed. If the total &out of the sample is very limited or 


a time factor is involved, repeat the reprecipitation procedure 


as follows. 


a. Add filter paper and precipitate to a 40 ml centrifuge 


tube. 
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b. Add 5 ml concentrated nitric acid to redissolve sample. 


lpigest for 10 minutes. 


C. Remove filter paper from centrifuge tube. Rinse filter 


tiith concentrated nitric acid from dropping bottle. 


d. Add 20 ml of fuming nitric acid. 


e. ,,:?a01 in ice bath for 30, minutes. 


f. “&trifuge and’pour of’f liquid’ (fuming nitric acid). 


‘decord time (separation time). 


g. ‘Add approximately 5 ml’ of water to redissolve the sample. 


h. Add 5 ml concentrated ammonium hydroxide. While stirring 


,add 4 ml 3n of sodium carbonate. Stir for 10 minutes. 


i. Filter on a tared filter. Wash three times. once with a 


10 ml portion of each: deionized water and ethyl alcohol. 


j. Weigh as strontium carbonate and count for Sr-89 and 


Sr-90. 
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27. Calculation of Results 


Strontium-89.90 results are obtained using the following 


equations. 
,, “,,: ,., 
,, 


Strontium-90 Calculations:, 


*  I 


,P / 
pCi Sr-go/unit = TAirBi - rCu X-1 


[l+(E)(F)](A) - [~+(E)(G)](C) (2.22)(H)(I)(J) 
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A = Decay of Sr-89 from the,time of collection to the time of 


the first is figured to the nearest one-half day. 
B = Net counts per minute of total strontium on second count is 


figured to the nearest tenth. 


C =“Decay of Sr-89 from the time of collection to the time of the 


second is figured to the.nearest one-half day. 
D = Net counts per minute of total strontium on first count is 


~“?igured to the nearest’ tenth. 


E = Ratio of the Y-90/Sr-90 counting efficiencies (including 


3elf-absorption corrections). ,.,., 
F = Y-90 idgrowth from the time of separation to the time of 


,’ second count is figured to the nearest hour. 
::,2 


G = Ingrowth of Y-90 from time of separation to time of first 


count is figured to the nearest one-half hour. 


H = Cdunting efficiency of’ Sr-90 (including self-absorption 


correction). 
., 


I = Chemical yield of strontium. 


J = Sample volume in liters of sample weight in grams. 


A, C. F. G were once found by tables but are now found by the T159 


program since all functions of e - Xt where X is the decay constant of 


the nuclrde and t is elapsed time. 


R 


E. H. are efficiencies corrected for self-absorption that have been 


determined by calibration. 
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Strontium-89 Calculations: 


pCi Sr-89/unit = A - {l+(B)&)& x 1 
E ., ;3 (F)(G)(H)2.22 


A = net cpm total strontium on first reupT. c 


B = Y-90 ingrowth from time of separation to the time of first 


count. 
C = Ratio of Y-90/Sr-90 counting efficiencies (including 


“sklf-absorption corrections). 


“L, 
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D = Net cpm of Sr-90 .,, 
$, 
., 
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E q Decay of Sr-89 from time of collection to the time of first 


count. 


F = ‘Chemical yield of strontium. 


G = Counting efficiency of Sr-90 including self-absorption 


,,;+xrections. 


H = Sample volume in liters or sample weight in grams. 


C and G are efficiencies corrected for self-absorption that have been 


determined by calibration, 
. ..,~ 


With the exception of the exposure and dose-rate conversion 


factors fcj? portable gau+a and’beta-g&ma survey meters; in&%ents 


were calibrated with ‘NBS-traceable standards. The calibration 


procedures for these portable instruments are described above. 


Quality control procedures on all instruments included daily 


background and check-source measurements to confirm lack of 


malfunctio,ns and nonstatistical deviations in equipment. The ORAU 
laboratory participates in the EPA Quality Assurance Program. 
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APPENDIX B 


GUIDELINES FOR CLEANUP OF FORMERLY UTILIZED SITES 
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Rm 
,, Guidelines for Cleanup of Formerly Utilized Sites 


34% 


The’soil cleanup criteria for the Modern Landfill property and 


other FUS,RAP sites are based primarily upon Ra-226 activity in the 


soil. The criterion for Ra-226’in soil is: 


P 
/ , 


” , : 


” 
‘ii 


The average soil concentration 


residual radioactive materials 
“,: 


shall not exceed 5 pCi/g after 


of Ra-226 attributable to 


from MED/AEC activities 


cleanup where: 


(a) ‘The concentration is averaged through a 15 cm layer 


at any suspect depth (with removal of overlying 


contaminated material and bore-hole logging data 


verifying absence of buried contamination -- sampling 


shall’apply only to the exposed 15 cm layer); 


(b) the concentration is specified per grsm of soil on 


‘-‘dry weight (not in situ weight) basis; and 


” (c)“~the concentration is averaged over any contiguous 100 
square meters as determined from a composite of four 


samples, each taken at the approximate center of each 


25 square meters of said 100 square meters. 


” 
,[is In addition to Ra-226. limits of 80 pCi/g of Cs-137 and 100 pCi/g 


c of Sr-90 have also been applied to sites where fission product wastes 
^,... 


are present. 
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EVALUATION 


LPPENDIX C 


IF RADIATION EXPOSURES 


ON PORTIONS OF THE 
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APPKNDIX C 


Evaluation of Radiation Exposures 


on Portions of the 


Modern Landf ill. Inc. Property 


Lewiston. New York 


INTRODUCTION 
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The U. S. Department of Energy has completed a radiologica 


survey and determined that portions of the Modern Landfill, Inc. 


property, Lewiston. New York. are presently contaminated with 


low-level radioactive residues resulting from previous uses of this 


property. This property is part of the Former Lake Ontario Ordnance 


Works (LO&‘) site where radioactive wastes from Manhattan Eugineer 


District and Atomic Energy Commission operations were handled and 


stored. These wastes were primarily residues from uranium processing 


operations; however they also included contaminated rubble and scrap 


from deco@sissioned facilities. biological and miscellaneous wastes 


from the University of Rochester , and low-level fission product waste . ...,_ 
from cont~ajinated-liquid evaporators at the Knolls Atomic Power 


Laboratory (KAPL) in Schenectady, New York. Receipt of additional 


wastes wasdiscontinued at the LOCW site in 1954. Although some 1,;; ,( ‘. ,,, 
storage of radioactive materials on a portion of the site continues 


under the control of the Department of Energy, work involving 


handling of radioactive waste has not been performed at LOOW for 


approximately 25 years. 
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In 1954 a preliminary cleanup of the LOOW site was performed by 


Hooker Chemical Company’. Approximately 1298 acres of the original 


i511 a&site were then declared excess and eventually sold by the 


General Services Administration, ,to,various private. commercial, and 


governmental agencies. Modern Landfill. Inc. is the current owner of 


a 199 acre tract from the former LOOW property and proposes to 
.~, 
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operate a sanitary landfill on that site. ,.. A trian’gular shaped 


section of that tract, 16 acres in area , was thoroughly surveyed in 
January 1981, and found to contain radioactive contamination. 


Remedial action to remove radioactive residues which were identified 
.-+ by this survey was performed by the property owner in June 1981. 


Following this cleanup activity, a final survey wa8 conducted by Oak 


11, Ridge Associated Universities. Oak Ridge, Tennessee. The findings of 


that survey indicate that small quantities of cesium-137. 


strontium-90. and radionuclides from the naturally occurring uranium, ,,, ,, 
actinium, and thorium decay series are still present in the surface 


soil at this site. 
. ,~~ 
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Cesium-137 and strontium-90 are man-made radionuclides created 


through the fission process such as in a nuclear reactor. Both have 


half-lives: of approximately 30 years. Cesium-137 emits beta and 


gamma radiation; strontium-90 emits only beta radiation. The 


naturally’o~ccutring decay series. known as the uranium. actinium. and 


thorium series, are believed to have been created when the earth was 


formed, a”,d,they are still present today because of their very long 


half-lives. These series are presented in Tables C-l, C-2, and C-3. 


,(, ,. 
As a radionuclide decays it changes into another substance. In 


the case of uranium-238, for example, the decay produces thorium-234. 


Thorium-234 is called the “daughter” of uranium-238; uranium-238 is 


the “parent’* of thorium-234. In turn. thorium-234 is the “parent” of 
_,/: 


protactiniiim-234. Radioactive decay started by uranium-238, 


uranium-235. or thorium-232 continues as show” in the tables until a 


stable nuclide is formed. 


The radionuclides in these decay series are present in small 


quantities throughout the environment. Concentrations of them 


normally occur in soil. air. water. food. etc., and are referred to 


as background concentrations. Radiation exposures resulting from 


* The half-life is the time requi@ed for half of the crtoms of a 
mdioactitie substance to disintegrate ("decay" OF tmxsfomnl. 
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this environmental radioactivity are referred to as background 


exposures. These background exposures are not caused by any human 


activity. and to a large extent. can be controlled only through man’s 


moving to areas with lower background exposures. Each and every ,~., 
human receives some background exposure daily. 
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The’use of radioactive materials for scientif,ic. industrial. or 


medical purposes may cause radiation exposures above the background 


level to be received by workers in the industry. and to a lesser 


extent, by members of the general public. Scientifically based 


guidelines have been developed to place an upper limit on these 


additional exposures. Limits established for exposures to the 


general public are much lower than the limits established for workers 


in the nuclear industry. 


” RADIATION LEVELS ON THE MODERN LANDFILL PROPERTY 


The ‘&irvey identified elevated levels of direct radiation and 


contamination of the soil above the normal background levels. The 


major radionuclides noted in these soils are radium-226. cesium-137. 


and strontium-90. Increased levels of radioactivity resulting from 


contaminated residues on this property can result in increased 
.,, 


radiation exposures to persons. The exposure comes from two primary 


sources or pathways: direct radiation emitted by the radionuclides 


in the residue or soil and inhalation of radon gas and its daughter 


ICC 
,, 
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products.* Additional exposures may also be received through 


ingestion of contaminated food or water or through inhalation of 


radionuclides suspended in the air. In Table C-4 the exposure levels 


associated with the Modern Landfill property are summarized and 


compared with the guidelines and background radiation levels. 
.., 


* Radon-222 is a gas that results from the decay of radium-226, a 
member of the natwratty occurring wanium series (see Table C-1). 
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As,Tables C-l. C-Z and C-3 indicate. several members of the 


naturally occurring decay series emit gamma radiation as does 


cesium-137. (Gamma rays are pentrating radiation like X-rays). 


Contaminated areas can. therefore, be sources of external gamma 


radiatiorraxposure. 


F 
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The National Council on Radiation Protection and Measurements 


has recommended a maximum annual whole-body exposure of 500.000 


microroentgens* per year to an individual exposed in the general 


population. This is equivalentto a continuous level of 
~‘,,,. 


approximately 57 microroentgens per hour. The maximum radiation 
E level on the Modern Landfill property is 49 microroentgens per hour, 


therefore. the maximum annual external exposure possible at this site 


p ,, :,,,: would be approximately 375.000 microroentgens. It should be noted 
that this level occurs only in a very small portion of the property 


and is du,emainly to materials stored on the adjacent DOE facility. 


also. this, exposure is based on continual occupancy of that area. It 


is improbable that individuals would spend more than a 25% of their 


time on the site in general, and only a portion of that time would be 


spent in the region of highest exposure ‘levels. The average exposure 


level on the property is 15 microroentgens per hour and is a better 


estimate of the average exposure an individual might receive. For ‘. 


comparison. the average background level in the Lewiston area is 


about 6 microroentgens per hour and continuous exposure. at this level 


F- would produce an annual exposure of about 52.400 microroentgens. 


Also, a typical chest X-ray (according to data from the Department of 


P- 
Health and Human Services) might yield an exposure of about 


27,000 microroentgens. 


The soil is slightly contaminated with radium, cesium. and 


strontium tihich emit beta and gamma radiations. Nuclear Regulatory 
Commission (NRC) guidelines for decommissioning former nuclear 


* The Roentgen is the unit of exposure to X- 02" gamma radiation. A 
microroentgen is one-millionth of a Roentgen. 
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(” 
facilities require that the average beta-gamma dose rate measured at 


a distance of one centimeater above surface does not exceed 
II 


0.2 millirad* per hour. The maximum beta-gamma dose rate measured at 


this site was 0.085 millirad per hour and the average was 
h 


0.030 mill,ilad per hour, well within that guideline. The primary 


concern of“this NRC guideline is exposure of skin surfaces. The 
” thickness of ordinary shoe soles is adequate to protect the skin of 
r . 1,” 


feet from beta radiation. Other areas of body skin are adequately 


‘EC protected from these exposures if they remain away from these 


,i > surf aces. In most cases, exposures are negligible at a distance of 


one foot away from the surface. Potential exposures to beta-gamma c 
radiation fx,om surf ace residues are thexefor,e negligible a,t, this i ,.; 
facility. 
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The deposits of radium-bearing residues in soil may be indirect 


PI sources of radiation exposure on site. As shown in Table C-l 


radium-226 changes to radon-222 as a result of radioactive decay. 


F ,Radon-222 is an inert gas which can emanate from the ground and with 
i, : ‘, its daughter products result in lung exposures. Radon concentrations 


are continuously monitored near the Modern Landfill site by Mound 
,c 


Laboratories and averaged approximately 0.29 picocuries** per liter 


of air between October 1980 and April 1981. The guideline for 
r) continuousexposure of the general public is 3 picocuries per liter. 
I For comparison the average level monitored in the town of Lewiston 


. 


c during the same time period was 0.20 picocuries per liter. 
8 


(” 


Loose radioactive contamination can result in exposure through 
* 


ingestion (eating or drinking) of contaminated foodstuffs or 


inhalation of radionuclides that,become airborne through 
F resuspension. The low-levels of contamination in the soil of this 
” 


* :'hc rtzd is the unit of beta-gamma dose. A millirad ii; one-thousandtl rig 
of a rad. 


f ! ** The curie is the u&t &z&cat&g the quantity of a radibactive 


F substance. A picocurie~is one-miZZionth-millionth of a curie. 







2-t ? *,; 


r ,, property and its projected use as a landfill, which will result in 


L” covering the existing contaminated soil. preclude significant 
; j, ; exposures through these pathways. 
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I l: ESTIMATES OF HBALTS EFFECTS _.-;~, 
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The primary health effect associated with radiation exposure is 


an increased risk of cancer. In general. the risk is assumed to 


increase,, as the total,.dose of radiation increases. Total dose is 


dependent not only on exposure rate and concentration levels on the 


property, but also on the nature and duration of the exposure. In 


addition, a given individual’s increased risk is dependent upon many 


factors including the individual’s age at onset of exposure, 


variability in latency period (time between exposure and physical 


evidence of disease), the individual’s personal habits and state of 
F  
1. 


health. previous or concurrent exposure to other hazardous agents. 


and the -individual’s fam ily medical history. Because of these 


13 
r-t p ., 


F  


variables. large uncertainties would exist in any estimates of the 


number &increased cancers in’a relatively small working population 


such as that at the Modern Landfill, Inc. site. Estimates of the 


increased, risks have been calcul,ated,and are given in Table C-5. 
,, 


Assumptions made in perform ing these calculations are: F/” ,;’ : 
1. :T The levels reported in Table C-4 are representative of the 


m  
1 ,‘1 


c 
‘: 1 : 


conditions and will not change during the year or from  year to 


year. 


2. Average exposure levels in Table C-4 are representative of the 


averages to which an individual working on the property m ight be 


exposed. 


3. Anindividual would spend a working lifetime. i.e. 40 hours per 


we& 50 weeks per year, for 45 years (age 20 to 65) on the site. 


m  
j C-6 







or 


i-, 


,, ,, 
4. Background exposure rates to individuals while not on the 


property will be 6 microroentgens per hour from external gamma 


radiation. 


? ! 


* 
i ‘I 


. ,The,rrsk estimates are based on the 1980 National Academy of 


Sciences report, “The Effects on Populations of Exposure to Low Levels 


of Ionizing Radiation.” and the 1977 report by the United States 


Scientific Committee on Effects of Atomic Radiation. The lifetime 


m 


i i’ i 


risk estimate used to calculate the values in Table C-5 is 100 cancer 


deaths per million persons exposed per rem of radiation exposure. It 


is believed by many radiation biologists that with low dose rates such 


as those :encountered at,the Modern Landfill property. the actual risks 


of cancer are much less than 100 per million persons per rem, zero not 
k :~.. 
bi, ‘. being excluded. 


Because radon concentrations on this property are essentially 


background, no dose or risk from this pathway was evaluated or 


calculated. Exposures and risk from the secondary pathways of 


ingestion of food grown oncontaminated soils and inhalation of air 


r ” containing radionuclides resuspended from the soil are considered 


“,’ negligible, based on the low-levels and the intended use of this 


property. Exposures and risk are therefore limited to one 
.I 
i ” 1 pathway-direct exposure to gamma radiation. 


F” The estimated increased risk due to cancer ,from exposure to the 
i,,, 


” 


average radiation level on the Modern Landfill property for’s working 


lifetime is 0.09 per 1000 deaths. This can be compared with the 


average lifetime risks of cancer in Niagara County of 218 per 1000 


,deaths based on 1977 crude death rate statistics for this same year. 


The average lifetime risks of cancer in the State of New York and the -, 
United States are 216’per 1000 deaths and 203 per 1000 deaths 


respectively. An individual working under the assumed conditions will 


therefore”be subject to an increased risk of dying from cancer of 


0.009 percent or an increase in total risk from 21.8 to 21.809 percent 


when compared to the average risk in Niagara County. This may also be 


expressed ~8s a percent increase in overall risk of getting a fatal 


,ca*cer of 0.04 percent. 
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SUMMARY 


In qmuaary. portions of the Modern Landfill property at the 


former Lb& site are contaminated with low-level residues containing 


cesium-13j. strontium-90. and naturally occurring radionuclides. The 


level of radium-226 contamination in the surface,.~soil, in, one area ,, 


exceeds the present criterion for release of property for unrestricted 


use. Although this contamination is capable of producing slight 


radiation exposures to persons on this property. these exposures are 


well with,in the scientifically-based guidelines. and risks to such 


persons are negligible. 
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URANIUM DECAY SERIES 


r* Parent 


y 


13 


1 


r 
: ,> 


i"l 


Uranium-238 - 


Thorium-234 


Protactinium-234 


Uranium-234 


Thori~~-230 


Radium-226 


Radon-222 


Polonium-218 


Lead-214 
f-7 
ii, Bismuth-214 


3 Polonium-214 


Lead-210 


13 


; ! 


Bismuth-210 


Polonium-210 


Lead-206 


Half-life decay Products 


4,500,000,000 yrs. 


24 days 


1.2 minutes 


250,000 years 


80,000 years 


.1600 years 


3.8 days 


3 minutes 


27 minutes 


20 minutes 


2/10,000 second 


22 years 


5 days 


140 days 


stable 


alpha 


beta, gamma 


beta, gamma 


alpha 


alpha 


alpha 


alpha 


alpha 


beta, gamma 


beta, gamma 


alpha 


beta 


beta 


alpha 


none 


Daughkw 


Thorium-2341 


Protact.ir&zm-234 


Uranium-2$4l 


Thorium-220 


Radium-226 


Radon-222 


Polonium--2'?I8 


Lead-214 


Bismuth-21!4 


Polonium-274 


Lead-210 


Bismuth-210 


Polonium-P10 


Lead-206 


none 
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TABLE C-2 
m 


,, ACTINIUM DECAY SERIES 


F* 


Parent 


,., 


Uranium-235 _ 
b 


Thdrium-231 


Protactinium-231 
F5 


'b i ', Actinium-227 


E 
;>; Thorium-227 


Radium-223 


Radon-219 


Polonium-215 m 
/, ; Lead-211 


13 Bismuth-211 


I "i 
Thallium-207 


,F 
b < ,,_, .,., 


- 


Half-life 


710,000,000 years 


25.5 hours 


32,000 years 


21.6 years 


18.2 days 


11.4 days 


4.0 seconds 


.0018 seconds 


36.1 minutes 


2.15 minutes 


4.79 minutes 


- 


Decay Products 
- 


alpha 


beta 


alpha 


beta, gamma 


alpha 


alpha 


alpha 


alpha 


beta, gamma 


alpha 


beta 


Daughter 


Thorium-231 


Protactinium-231 


Actinium-227 


Thorium-227 


Radium-223 


Radon-219 


Polonium-215 


Lead-21 1 


Bismuth-211 


Tnallium-207 


Lead-207 


m 


c 
k i,‘, 35,; 
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TABLE C-3 
F- 


,_ "~.., THORIUM DECAY SERIES 


Parent 
c I 


Thorium-232 _ 
m 


Radium-228 


Actinium-228 
I-- 


i.,; Thorium-228 


,r Radium-224 
1, 


Radon-220 
c 
,~ Polonium-216 
1 ,.i 


Lead-212 
r-l 
I ,  Bismuth-212 


F I 
3.1 minutes 


:,y ,p:::::::: / 
,“* 


.0000003 seconds 
J- 


"TWO decay modes are possible for Bi- 21 


Half-Life Decay Products 


14 billon years 


5.8 years 


6.13 hours 


1.91 years 


.3.64 days 


55 seconds 


.15 seconds 


10.6 hour 


60.6 minutes 


alpha 


beta 


beta 


alpha 


alpha 


alpha 


alpha 


beta 


alpha (l/3)* 
beta (2/3)* 


beta 


alpha 


Daughter 


Radium-228 


Actinium-228 


Thorium-228 


Radium-224 


Radon-220 


Polonium-216 


Lead-212 


Bismuth-212 


Thallium-208 
Polonium-212 


Lead-208 


Lead-208 


2. 


47 ,, (,,.. / _,j 
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TABLE C-4 


SUMMARY OF EXPOSURE LEVELS ON MODERN LANDFILL INC. PROPERTY. 
LEWISTON, NEW YORK 


Exposure Source 
Levels on Site 


Guidelines for Guidelines for 
AVWEi@? Maxisum Background Levels General Public Radiation 


Workers 


Gamma Radiation 
from cesium-137 
and uranium, 
thoriom. and 
ac~tinium decay 
series 


Radon in air 


Radionuclides in 
0 
L 


Soil 
N Radium-226 


Cesium-137 


Strontium-90 


-15 uR/h = 


0.29 pCi/liter ' 
(10/80-3/81) 


1.8 pcifg 23 pCi/g 


3.6 pCi/g 69 pci/g 


0.55 pCi/gd 


49 UR/h 


111 pcug 


6 uR/h 0.5 rem 
b 


per,year for 
individual; equivalent to 
250 m/h above natural 
background for 40 h/wk 
and 50 vk/yr or 60 u R/h 
continuous exposure. 


0.20 pCi/liter 3 pCi/liter 
(Lewiston. 
10/80-3/81) 


Approx. 1.0 pCi/g EPA Interim Hill Tailing6 
Criteria is 5 pCi/g above 
background averaged over 
100 m2. 


Approa. 0.5 pCi/g 80 pCi/g above background 
(Criteria developed by 
Loa Alamos Sci. Lab. 
for cltianup at sites 
contaminated by fission 
product residues.) 


< 0.5 pCi/g 100 pCi/g (Criteria 
developed by Los Alamos 
Sci. Lab. for cleanup at 
sites contaminated by 
fission product residues.) 


5 rems per year ~, : 


30 pCi/liter 


“OIW 


none 


a The Roentgen (R) is a unit which was defined for radiation protection purposes for people exposed 
b to penetrating gamma radiation. A microroentgen (uR) is one millionth of a Roentgen. 


The rem is the unit of ionizing radiation that produces the same biological damage in man as an 
absorbed dose of 1 roentgen of high voltage x-ray. A roentge" of gamma exposure to a man is 
equivalent to,one rem. 


= The picocurie (pCi) is a unit which is defined for expressing the amount of radioactivity present 
in a substance. 1 pci = 10-12 ci. 


d Based on the average cesium concentration and a" average Sr/Cs ratio of l/6.5. 
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: TABLE C-5 


SUMMARY OF WORKING LIFETIME RADIATION 
" j T$PdSUREs AND ESTIMATES OF .,,,, A's,s~dIATEd ,‘CANCEB~ .~IsK 


FOR MODERN LANDFILL PROPERTY, LEWISTON. NY ~ 
P 


m  


,, 


Source ‘~~ 
of 


Exposure 


Working Lifetime Dose 
Equivalent Corrected 


for Background 


Increased Risk 
Due te 


All Cancers 


m  


i 
External gamma 


radiation 
0.9 rem  0.09. per 1000 a 


" Radon 0 l-l 


,r 


" 


Inhalation of dust 
and ingestion of 
foods grown on site 


TO& 


0 0 


0.09 per 1000 b 


b 


" 


a Using risk coefficient of 100 cancer deaths/lo6 person rem . This 
is approximately a mean value from  BEIB-III (1980) and UNSCEAR 
(1977). 


" b The average lifetime risk of death due to cancer in the United 
States is 1~67 per 1000 (16.7 percent). 
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From:
To: FUSRAPinfo
Subject: Re: Omission of Post Remed. Survey /underestimation of contamination VP N/N...
Date: Friday, April 20, 2012 9:19:19 AM

Bob,
Many thanks. I do have a couple of questions for USACE on more recent KAPL waste detections, before
I can complete my review:  I'll follow up with USACE as soon as possible and copy you. It would be
helpful for the public to better understand the process by which reports such as the KAPL report are
written and reviewed. Please answer the following questions for me.

How was information used in the report gathered?
Was the draft KAPL report reviewed by other agencies, outside DOE, before being released to the public
for comment in mid February, 2012?
If so, which agencies were given access to the KAPL report and when?
How long was the period of internal review for the KAPL report?

Reference the documentation I already submitted, has DOE managed to track down the slides showing
KAPL waste stored on the NFSS in late 1960? According to the records, KAPL waste shipments to Oak
Ridge began and ended in 1958, so KAPL waste left on the NFSS in 1960 would have remained on site
and likely been incorporated into the IWCS.

I appreciate the offer of a comprehensive response to all my comments and questions, but it would be
far more useful, if DOE answered those questions it has answers to and responded to those comments
it is able to respond to, as we progress. Two way dialogue is far more effective and helps build public
confidence in an open and transparent DOE.

Ann Roberts 

In a message dated 4/18/2012 4:47:46 P.M. Central Daylight Time, FUSRAPinfo@lm.doe.gov writes:

       
        Ann, I just want to let you know that we received your latest comments
        and documents related to the KAPL report on Friday, April 13. We are
        continuing to review and research the questions you have raised and will
        provide a comprehensive response to all your comments and questions. On
        that note, I'm curious as to how far along you are in your review of the
        KAPL report and the time-frame you anticipate for providing additional
        comments so that we may plan our response accordingly.
       
        Thank you again for your interest in the NFSS VPs and for providing us
        with the documents in your possession.
       
       
        Bob
       
       
       

mailto:Annlyon16@aol.com
mailto:FUSRAPinfo@lm.doe.gov
mailto:Annlyon16@aol.com
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From:
To: FUSRAPinfo
Subject: Re: Omission of Post Remed. Survey /underestimation of contamination VP N/N...
Date: Thursday, April 26, 2012 10:00:24 AM
Attachments: CLP Final Report Sept 08.pdf

Bob,

Thank you. Have you been able to locate the groundwater investigation carried out for DOE in the early
1990's,  as part of the NFSS environmental surveillance program?  The detection of elevated gross beta
in the lower groundwater led to an investigation to identify the cause. Radium, thorium, uranium and
potassium 40 were all eliminated as the cause of the beta contamination. At the time, the potential
presence of beta emitting radioisotopes from KAPL was not considered...at least not according to the
information made public.

I'm attaching a copy of the Community LOOW Project report. Appendix H contains a list of reference
document related to KAPL wastes at LOOW. Please check whether you have all the documents listed.

Ann

In a message dated 4/25/2012 4:25:41 P.M. Central Daylight Time, FUSRAPinfo@lm.doe.gov writes:

        Ann, thanks for including us in your communications with USACE. 
       
        To answer your first question, we reviewed historical site documentation
        that is contained in the DOE Legacy Management Considered Sites Database
        (CSD) and Considered Sites Library (CSL). We also reviewed the USACE
        Remedial Investigation Report and Remedial Investigation Addendum for
        the NFSS.
       
        Secondly, the draft KAPL report was reviewed by the DOE Office of
        Environmental Management (EM) Schenectady office, EPA, USACE, NY
        Department of Health and the NY Department of Environmental Compliance.
        Once that was completed, we released the KAPL report to the public in
        February 2012. 
       
        In reference to the 1960 trip report you provided, so far we have not
        been able to find the slides associated with the trip report or the trip
        report itself in our CSD or CSL Library. We are continuing our search
        for these slides in other potential document collections and
        repositories, but it might help us locate them if you could tell us the
        source from which you obtained the trip report. If we can narrow down
        the collections to search, we will have a better chance of locating the
        slides. We are also researching definitive information on KAPL waste
        shipments post 1958.
       
        We will try to answer your individual questions and respond to your
        comments as we are able, however, some of the questions and comments are
        interrelated and we will best be able to respond to them collectively.
        You may anticipate our initial responses in the near future.
       
        Thanks,
       
        Bob
       
       
       

mailto:Annlyon16@aol.com
mailto:FUSRAPinfo@lm.doe.gov
mailto:Annlyon16@aol.com
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EXECUTIVE SUMMARY 


The Project 


This report presents the results of the Community LOOW Project (CLP).  The CLP was a community 


sponsored effort to critically evaluate the environmental condition of the former Lake Ontario Ordnance 


Works (LOOW) property in Niagara County.  The former LOOW is a 7,500 acre area within the Towns of 


Porter and Lewiston, approximately 3 miles from Lake Ontario and 2 miles from the Niagara River. 


Initially developed to manufacture TNT for the World War II war effort, the central portion of the area was 


subsequently used for a number of Department of Defense and Atomic Energy Commission projects.  This 


varied history has led to the current situation where environmental contamination remains.  Investigations and 


remedial planning are underway in some areas, led by the U.S. Army Corps of Engineers (USACE).  


Currently, the area consists of property owned by federal and local governments, active waste disposal 


operations, commercial businesses, private homeowners, and recreational or cultural activities.  A hazardous 


waste disposal operation (CWM Chemical Services, LLC), a municipal solid waste landfill (Modern 


Corporation) and a radioactive waste containment facility (Niagara Falls Storage Site) occupy neighboring 


properties in the central portion of the LOOW. 


The project was initiated during 2005 by the Niagara County Department of Health (NCDOH).  A unique 


collaboration of local, state and federal officials funded this project with the purposes of evaluating the 


environmental status of the LOOW and to create a Geographic Information System (GIS) database of the 


environmental data.  The goal was to examine the available information and to identify data gaps in past 


investigation and remediation activity.  No new data was collected for this project.  Documents were reviewed 


to gain an understanding of past work and to determine which information might be useful to include in the 


GIS mapping system. 


There were three main components of the project: 


• To identify and compile relevant data from past LOOW historic activity, investigations and clean-ups 


into a Geographic Information System (GIS) database 


• To perform a “Gap Analysis” of the LOOW data, and involve independent expert review of the work. 


• To identify and recommend solutions to the lead agencies, which are the U.S. Army Corps of 


Engineers, NYS Department of Environmental Conservation and NYS Department of Health. 


Over the course of the project four public meetings were held to transfer information and provide 


opportunities for people to comment or discuss the issues.  An internet-based GIS was developed to enable 


public access to LOOW data.  The site can be accessed at the internet site www.communityloowproject.com.  The 



http://www.communityloowproject.com/
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LOOW GIS Mapping website enables users to view geographic information about the LOOW and 


surrounding area, visualize the data locations of recent environmental studies and perform queries of the 


database. 


Findings 


The relationship between those responsible for investigations and remediation, and the surrounding 


community is important in conveying information and ensuring a successful resolution of LOOW-related 


concerns.  A general lack of trust has existed between some members of the community and those in 


government charged with overseeing monitoring, investigation and clean up.  Sharing of information and 


input to decision making appear to be stumbling blocks. 


There has been a multi-year delay in publishing the NFSS Remedial Investigation report since the time the 


data was collected.  Resources need to be available to complete the Formerly Used Site Remedial Action 


Program (FUSRAP) and Defense Environmental Restoration Program for Formerly Used Sites (DERP-


FUDS) investigations, so that fundamental information is available to the community for decision-making in 


a timely manner.  


As a result of the separate and distinct purposes and regulatory requirements, it appears that there is also 


fragmented jurisdictional oversight.  The issues in play include delegation to USACE from DOE for 


radiologic and chemical investigations under the FUSRAP; USACE investigation of past DOD sites under the 


DERP-FUDS program; involvement of multiple branches and offices of NYS DEC (headquarters in Albany 


and Region 9 in Buffalo) concerning regulation of air, solid waste, hazardous waste, surface water, and 


wildlife; separate regulation of radiologic and drinking water quality issues by different parts of NYSDOH; 


and occasional limited involvement by USEPA.   The responsibility for the approval process for USACE 


activity on the LOOW and identification of “who is the regulator?” needs to be better explained to the public. 


Long term safety of the waste sites (including the NFSS, Modern Landfill, CWM and legacy materials) and 


offsite migration is of concern.  Therefore, the adequacy of monitoring programs to detect contaminant 


transport in potential offsite pathways is important.  Potential offsite migration of contamination could likely 


occur via four pathways: surface water drainage, groundwater migration, air, and sediment transport.  Offsite 


migration of contaminated sediment and surface water occurred during past operations on LOOW.  Each 


landfill has monitoring requirements which reflect their waste activities, but there does not appear to have 


been a unified attempt to include radiologic or common contaminants related to the shared historical use of 


portions of all three landfill properties.   


Three other properties totaling nearly 1,000 acres are not within the USACE authority to investigate at the 


present time and they have been addressed under another program: the DERP Installation Restoration 
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Program (IRP).  These properties contain the former TNT storage igloos north of Balmer Road , the former 


Air Force Plant 38, which is now occupied by the NYS Army National Guard Weekend Training Site 


(WETS),  a small parcel transferred to the Town of Porter, and the launch area of the former NIKE missile 


base at the corner of Balmer and Center-Porter Road.  Although these properties have been subject to some 


previous environmental investigation by their respective Department of Defense site owners, there does not 


appear to have been coordination in approach, methodology, or data quality objectives comparable to the 


USACE FUSRAP or DERP-FUDS investigations elsewhere on the LOOW.  


At the WETS, there have been no groundwater investigations on the property, the thoroughness of the 


historical review for AFP 38 was insufficient to fully describe site activities, and the number of samples 


collected is not sufficient to be confident that all potential sources of contamination have been identified. 


We found no information concerning the environmental status of the Town of Porter property. 


The former NIKE base has been characterized and found to have few environmental problems.  There was, 


however, no testing for hydrazine or missile fuel in the fueling area and the composition of the waste dumps 


represents an unknown risk.  This property was recently sold to a private party. 


South of Balmer Road at CWM, concern exists that previous remediation of radiologic contaminants was 


insufficient and that site development has disturbed soil on the property.  DOD related contamination is 


present, has and is being investigated; however some areas have been awaiting remediation for more than 10 


years.  Despite several surveys and decontamination efforts, the location of buried radioactive waste 


associated with the Rochester Burial area (located on CWM) may be in a different location than previously 


investigated (Appendix G). 


The Occidental property, west of CWM, has had only limited investigation and a former storage/disposal area 


remains unexplained. 


The NFSS, south of CWM and west of Modern Landfill, has undergone an extensive remedial investigation 


which indicates that the site contains widespread contamination of surface soil and groundwater.  Data gaps 


have been noted concerning characterization (e.g. geophysical surveys, West Ditch sampling, delineation of 


groundwater plumes), monitoring ( e.g. insufficient annual groundwater sampling, lack of air particulate 


monitoring), contaminant fate and transport, and coordination of groundwater level monitoring with 


neighboring properties.  The Baseline Risk Assessment Report for the NFSS was not reviewed as part of the 


CLP. 


Modern Landfill is well monitored in accordance to its permit, but there has been a lack of radiological legacy 


contaminant monitoring.  Construction activities involving pumping of groundwater should be coordinated 
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with the NFSS to contemporaneously measure water levels.  Soil screening for radiologic parameters during 


construction should also be implemented. 


The LewPort school campus has been evaluated for a number of environmental issues over the years.  


Remaining areas of concern are the 30 inch outfall pipeline from the former LOOW waste water treatment 


plant that crosses the campus and has never been evaluated for contaminated residue on the school property 


west of the Southwest Ditch.  The Southwest Drainage Ditch has had insufficient sediment characterization 


for potential constituents from NFSS.  Mounds in the wooded area should be assessed or removed.  Some 


areas of the property used for running trails near the Southwest Drainage Ditch should be surveyed for 


radiologic and chemical constituents as a precautionary measure.   


The question of whether there is potential for historical contamination remaining within the buffer area 


remains a concern that is difficult to definitively answer.  We are not aware of other LOOW related 


contamination in the residential areas of the LOOW buffer areas.  However, the slag gravel used for parking 


lots at Fin, Feather and Fur Conservation Society and Fatima Shrine contains non-LOOW related naturally 


occurring, elevated radiation levels above background. 


Conclusions 


Based on the information available to us the following conclusions have been drawn: 


1. An extensive and overwhelming volume of information from many branches of government has 


been generated since the formation of the LOOW.  Enhancing and maintaining a complete 


archival record of site activities should be considered to build on the work already completed by 


USACE.  This effort should be supported and accessible to the community. 


2. There is an extensive record of environmental sampling that has occurred over several decades.  


More than 350,000 records have been entered into the LOOW GIS mapping system.  Use of a 


GIS approach to store, visualize and analyze this environmental data is a useful way in which to 


understand the work that has occurred.  Sharing of information in an accessible format between 


those generating the data, regulators and the public should enhance efforts to remediate the 


former LOOW area.  


3. There has been multi-year delays in getting information to the public and proceeding with 


decision-making and actual remediation. 


4. There are four main pathways of concern for potential offsite impact from operations and 


contamination at the LOOW: air, groundwater, surface water, and sediment.  Data gaps have been 


noted that might improve air monitoring at CWM and NFSS.  Annual groundwater monitoring at 
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NFSS has used an insufficient number of wells to monitor the groundwater plumes which have 


now been presented in the NFSS RI document.  Each waste disposal operation has its own 


monitoring and regulatory requirements, however an effort to coordinate and enhance monitoring 


to provide better overall understanding of groundwater flow and the presence of legacy 


contaminants would be beneficial.  Discharge of shallow groundwater to surface water deserves 


further scrutiny as a potential pathway for contaminant migration.  Surface water monitoring of 


ditches that traverse different properties (such as Central Drainage ditch) should have common 


set of parameters which reflect legacy contamination.  Migration of sediment through storm flow 


should be considered.  Previous investigation techniques for sediment sampling that did not use 


vertical coring profiles would not have been sufficient to identify all potential sediment 


contamination.  


5. The DOD marker compound list used in the DERP-FUDS investigations is too specific and  


insufficient to reflect the actual breadth of materials and potential contaminants that would have 


been used at LOOW during all DOD activities; 


6. Background chemical and radiologic data has been collected from some areas which may not be 


free of contamination; 


7. Some of the vicinity Properties should not have been released for unrestricted use due to legacy 


radiation levels. A portion of the Central Drainage Ditch upstream of Four Mile Creek was never 


remediated; 


8. Contamination at the NFSS is widespread in surface soil and groundwater, including radiologic 


constituents, metals, boron and chlorinated solvents.  Previous remediation of the West Ditch 


appears to have been incomplete. 


9. Useful and sophisticated groundwater modeling has been performed which addresses 


groundwater flow, leaching of contaminants, failure scenarios and contaminant transport.  


However, there has been insufficient geochemical work presented in the report concerning 


groundwater conditions to be confident that the critical transport parameters (Kd and 


biodegradation rate) used in the model were appropriate. 


10. There has been insufficient investigation to fully characterize the distribution of contaminants at 


the NFSS. 
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Recommendations 


Based on the conclusions above, the following recommendations are offered: 


1. A complete archival record of LOOW and post-LOOW records should be created to improve on 


the current record availability and as a resource for all residents of Niagara County; 


2. Appropriate funding should be allocated to maintain the LOOW GIS mapping system, and to 


update it in the future as monitoring data and the results of investigations are received.  Training 


of staff at county libraries, or other methods to assist members of the public in accessing the 


system via internet should be considered. 


3. The limiting and rigid definition of DOD marker compounds used in the DERP-FUDS 


investigations should be broadened in view of the much larger number of materials and potential 


contaminants that would have been used at LOOW (such as chlorinated solvents and petroleum 


hydrocarbons); 


4. Improvements to the monitoring programs at NFSS for air, surface water and groundwater as 


discussed in this report (Appendices C, D, F) should be considered; 


5. The final downstream portion of the Central Drainage Ditch should be resurveyed and remediated 


as necessary.  The West Ditch should also be remediated. 


6. Additional specific studies should be undertaken to provide the information required to determine 


whether the critical transport parameter, Kd, as used in the groundwater modeling are actually 


appropriate and if not, a current, scientifically valid method should be used to model radionuclide 


transport in groundwater.  


7. Appropriate funding should be allocated so that the NFSS Baseline Risk assessment report should 


be reviewed by a skilled risk assessor to ensure that the methodology and results are correct. 


8. Evaluation of the environmental data collected at the former LOOW site by multiple parties 


would greatly benefit from coordination of data reporting standards and quality objectives, 


including geographic spatial data. 


9. Appropriate funding should be allocated by Congress to USACE for continuing the necessary 


investigations and studies required to complete the remediation of the former LOOW properties 


in a timely manner.  


10. Additional investigation should be performed at the NFSS to delineate the distribution of 


contaminants (such as uranium in groundwater and the presence of KAPL related waste). 
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1. Introduction 


This report presents the results of the “Community LOOW Project”, referred to hereafter as CLP.  The CLP 


was a community sponsored effort to critically evaluate the environmental condition of the Lake Ontario 


Ordnance Works (LOOW) property in Niagara County.  The former LOOW is a 7,500 acre area within the 


Towns of Porter and Lewiston created during World War II to manufacture TNT explosives.  Currently, the 


area consists of property owned by federal and local governments, active industrial operations, recreational 


and cultural properties, and private homeowners. 


The project was initiated during 2005 in response to concerns in the community related to perceived health 


risks from legacy or current activities, apparent fragmented jurisdictional issues concerning investigation and 


remediation of environmental problems, a legacy of mistrust with federal agencies, and perceived potential 


conflicts of interest by some agencies that supervise activity at the LOOW site.  In addition, the NYS Dept. of 


Health Environmental Radiation Protection Bureau in 2004 indicated apparent gaps in the adequacy of 


previous radiological remediation. 


The Niagara County Department of Health (NCDOH) administered the project.  The NCDOH has no 


significant benefit or liability with respect to historical or current activities on the LOOW.  The NCDOH is 


committed to ensuring public safety and increasing trust in the restoration process through a comprehensive 


approach to the entire former LOOW area. 


A unique collaboration of local, state and federal officials funded this project with the purpose of evaluating 


the environmental status of the LOOW and to create a Geographic Information System (GIS) database of 


environmental data.  The goal was to examine the available information and to identify data gaps in past 


investigations and remediation activity.  Access to information about the LOOW was also very important.  No 


new data was collected for this project.  The additional scrutiny is meant to provide another outside 


viewpoint, and encourage accountability by those conducting and overseeing environmental investigations 


and monitoring.  The overall goal is to increase trust in the community, and confidence that the 


investigation/remediation process is thorough, ensuring that this site is safe. 


The former LOOW is located in western New York, within the Towns of Lewiston and Porter, 3 miles from 


Lake Ontario, and two miles from the Niagara River.   The approximate population of Niagara County is 


220,000. 


In 1942, the U.S. Dept. of War purchased 7,500 acres from Niagara County residents to construct and operate 


a TNT production facility.  After only 9 months of operation, TNT production was discontinued.  During the  







  Community LOOW Project 


 


 1-2


Figure  1  Location of Lake Ontario Ordnance Works property
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latter part of World War II, the Manhattan Engineering Division (Manhattan Project) began using part of the 


LOOW site for the storage of highly radioactive uranium and radium residues, and the Northeast Chemical 


Warfare Depot operated on a portion of the property (EA Engineering Science and Technology Inc., 1997). 


A large portion of the LOOW property was used as a “buffer zone” to protect the public from the hazards of 


TNT production.  From 1946-1948, 5,000 acres of this “undeveloped” land was divided up and sold by the 


Federal government to the general public.  Additional property was transferred to government agencies or 


sold to the public in the 1960’s.  The Lewiston-Porter School Board obtained 376 acres in 1948 within the 


formerly undeveloped zone for construction of primary, elementary, middle and high schools.  Today 


numerous residences, farms and other commercial activities are located on former LOOW property. 


Within the “developed” area of the former LOOW, current activities include storage of radioactive waste at 


the Niagara Falls Storage site (NFSS), active solid waste landfilling by Modern Corporation, and active 


hazardous waste treatment and disposal by CWM Chemical Services, LLC (CWM).  Activities at the former 


LOOW have included: 


• TNT Manufacturing Plant (water filtration, production, waste water treatment) 


• Northeast Chemical Warfare Depot (storage and transshipment) 


• 1944-Present  Manhattan Project /Atomic Energy Commission / NFSS radioactive storage  


• U.S. Air Force Plant 38 (rocket engine testing) 


• U.S. Air Force Plant 68 (high energy fuels) 


• Navy Interim Pilot Production Plant (high energy fuels) 


• Boron-10 Production Plant  


• NIKE Missile Base NF-03 and NF-05 


• Ransomville Test Annex - USAF 


• 1966-Present  Youngstown Test Annex -USAF 


• 1979-Present  Army National Guard weekend Training Site  


• 1972-Present  Chemtrol / SCA / CWM Chemical Services, LLC (Hazardous waste disposal ) 


• 1983-Present Modern Landfill (municipal solid waste disposal) 
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This varied history has led to a current situation where environmental contamination remains.  Formerly used 


Department of Defense properties are being evaluated under the Defense Environmental Restoration Program 


for Formerly Used Defense Sites (DERP-FUDS).  There are LOOW-related areas still actively owned by the 


Department of Defense, but which are not being investigated under the same program.  Since the former 


LOOW property was used for storage of radioactive materials, there are areas (some overlapping) which must 


be investigated separately under the Formerly Utilized Sites Remedial Action Program (FUSRAP).  Other 


former or current Department of Defense properties have been investigated under the Installation Restoration 


Program (IRP).  Some former LOOW properties now owned by private entities (e.g. CWM Chemical 


Services, Modern Corporation) have been investigated separately under DERP-FUDS but also operate under 


their individual state regulatory requirements.  Thus, there is a perceived shortcoming that the USACE 


environmental investigations are restricted by law in what and where they can investigate, according to the 


applicable program.  As an example, DERP-FUDS has been limited in not being able to test for radiologic 


contaminants even if an area may have also been used to store radiologic materials.  A private landowner with 


contamination caused by legacy federal government activities could ultimately be held responsible for 


cleanup by New York state if the cause of the contamination is disputed and not addressed by the federal 


investigation or cleanups.  


The timeline for further investigation and remediation of formerly used Department of Defense property 


contamination by the U.S. Army Corps of Engineers is anticipated to extend to 2016.  Although the site’s 


complexity is recognized, the long period of time to deal with the issues is of concern to members of the 


community.  


Niagara County has above-average rates of some cancer incidences compared to other parts of the state.  


Niagara County rates for cancer Incidence and Mortality, combined, exceed NYS averages for 19 of 24 


cancers tracked, according to the NYS Dept of Health web site.  The relationship, if any, of activities on the 


LOOW and NFSS to these health issues is unknown, but it remains a perceived issue of concern to many 


citizens.   


.  
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2. Approach to Project 


There were three main components of the project.  These were: 


• To identify and compile relevant past LOOW historic activity, investigations and clean-ups into one 


Geographic Information System (GIS) database 


• To perform a “Gap Analysis” of LOOW data using GIS and other evaluations, and involving 


independent expert review of the work. 


• To identify and recommend solutions to the lead agencies, which are the U.S. Army Corps of 


Engineers, NYS Department of Environmental Conservation and NYS Department of Health. 


This approach is somewhat different from past initiatives since it was intended to be “blind” to jurisdictional 


limitations of the agency programs, and took a site-wide approach to look at the “big-picture” using 


independent outside experts.  A community participation component was part of the project through public 


meetings and website postings.  A key aspect of the project was to provide the community with an assessment 


that will be viewed as independent by the community.  This project was very unique in that a broad source of 


support was obtained from local, county, state and federal governments, and a community foundation.  This 


wide community support indicated the need and desire for a project such as this. 


This report is one of three tangible products which have resulted from the project.  The other two included 


• An internet website available to the public and members of the community which describes project 


progress, and contains LOOW information  


• A Geographic Information System available via internet that contains selected relevant environmental 


data for use by members of the pubic, restoration advisory board members, regulators or other 


interested parties to better understand the work and condition of the site.  


2.1 Project Team  


Scott King of King Groundwater Science, Inc. was retained to act as Project Coordinator and to conduct the 


project with assistance from the Niagara County Department of Health.  The NCDOH administered the 


project and was the agency through which funding was channeled.  During the work, King worked with 


others to provide assistance, review comments and the Geographic Information System.  Assistance to the 


project was provided by Dr. Joseph Gardella of the University at Buffalo, Dr. Sherri Mason of Fredonia State 


University, geophysicist Dr. John P. Greenhouse, Dr. Ron J. Scrudato of R&M Technology, Inc., and Dr. 


Marvin Resnikoff of Radioactive Waste Management Associates.  Dr. Gardella provided in-kind funding for 


GIS assistance through a grant from the UB Environment and Society Institute.  A graduate student, Ms. 
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Gunwha Oh, provided GIS support and assistance in the early development of prototype maps and database 


construction.  Mr. J. Kwoka of NCDOH also provided GIS assistance to the project. 


Also during the summer of 2006, Niagara County began the process of retaining a GIS consultant for a 


county-wide enterprise GIS and it was decided to include the Community LOOW Project in the scope of 


work for that project.  Ecology and Environment, Inc. was selected by the county and began work on the 


Community LOOW Project in January 2007.  E&E developed a LOOW GIS Management Plan and began 


developing the GIS using various databases provided by the CLP, with the goal of making the GIS available 


to the project team and interested public via the internet. 


2.2 Methodology 


The CLP initially began by identifying sources of information and soliciting various government agencies and 


landowners for relevant data.  A letter from Ms. Paulette Kline, then Director of NCDOH, was sent to 


individuals, agencies and entities informing them of the project and seeking information.  Over the course of 


the project four public meetings were held to transfer information and provide opportunities for people to 


comment or discuss the issues (Table 2-1).   


Date Purpose 


21 November 2005 Introduction of project and request for information 


25 September 2006 Update on progress and demonstration of GIS application 


13 June 2007 Update on progress, description of E&E GIS efforts and 


report on review of radiologic issues 


30 January 2008 Introduction and demonstration of the LOOW GIS mapping 


website www.communityloowproject.com  


Table 2-1  Public meetings held during the project. 


 


Notices and copies of presentations made at the public meetings were posted to the NCDOH website 


(www.niagaracounty.com/health ) and were available for public download.  Notices and press releases of the 


meetings are available in Appendix A. 


Responses were received from several agencies and citizens.  The USACE provided electronic copies of their 


sampling database and GIS files.  The NYSDEC provided electronic database information concerning 


groundwater monitoring at the CWM site.  U. S. Air Force sent copies of documents concerning the former 


missile base and the NYS Army National Guard allowed access to their files and copies of past investigations.   



http://www.communityloowproject.com/

http://www.niagaracounty.com/health
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Mr. Alan Truesdale of the LewPort School district provided copies of soil sampling reports.  Ms. Ann 


Roberts, a former member of the community, provided historical documents and knowledge of the site, and 


Dr. William Boeck provided copies of documents concerning the NFSS. 


Documents were reviewed to gain an understanding of past work and to determine which information might 


be useful to include in the GIS mapping system.  In view of the large number of previous investigations and 


remediation efforts that have occurred in the past, it was decided to map the most recent studies to indicate the 


presence of currently known contamination, rather than include all past contamination that had been removed 


or remediated. 


 


Figure 2  Location of sampling data in LOOW GIS
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2.3 LOOW GIS Mapping site 


An internet based geographic information system was developed to enable public access to LOOW data.  The 


site was developed by Ecology & Environment, Inc and became accessible on January 30, 2008.  A 


description of the LOOW GIS mapping system is contained in Appendix B.  The site can be accessed at the 


internet site www.communityloowproject.com.  The LOOW GIS Mapping website enables users to view 


geographic information about the LOOW and surrounding area, visualize the data locations of recent 


environmental studies and perform queries of the database. 


  


 


 


Figure  3  Screenshot of LOOW GIS Mapping we0bsite



http://www.communityloowproject.com/





  Community LOOW Project 


 


 3-1


3. Discussion of Results 


3.1 General Issues of Concern 


There are several issues of concern that have been identified and which provide a context for evaluating the 


environmental work that has been carried out at the former LOOW. 


Perhaps the most important single issue that affects progress with regard to environmental remediation at the 


LOOW is the relationship between those responsible for investigations and remediation, and the surrounding 


community.  A general lack of trust appears to exist between some members of the community and those in 


government charged with overseeing monitoring, investigation and clean up.  Sharing of information and 


input to decision making appear to be stumbling blocks.  The USACE has worked with a Restoration 


Advisory Board (containing members of the public), but after a first RAB was dissolved following a 


contentious period, a second RAB, in operation for three years, was recently declared to not be “official” by 


USACE. The New York State Attorney General has become concerned that the USACE action may be illegal 


(State of New York Office of the Attorney General, 2008), but the Corps cites federal regulation in operation 


of a RAB(U. S. Army Corps of Engineers, 2008b).  A third RAB might have been formed by the USACE to 


meet their regulations if there was sufficient interest in the community (U. S. Army Corps of Engineers, 


2008a).   However in July 2008, the USACE District Commander informed the community that after 


reviewing the input received and after careful consideration, an official DOD RAB will not be formed (U. S. 


Army Corps of Engineers, 2008c).  The Corps does plan continued outreach and public involvement. 


The LewPort school campus and hundreds of residents live on property that was within the “buffer” area of 


the former LOOW.  The question of whether there is potential for historical contamination remaining within 


the buffer area remains a concern that is difficult to definitively answer.  Part of these concerns may come 


from a perception that the historical record of activities that occurred at LOOW may not be fully known, or 


that information is hidden from the public.  


The CWM property remains under a 1972 NYS Health Department Order (amended in 1974) to not move soil 


due to the presence of contamination.  An application by CWM for relief from the Order has led to 


requirements for specific investigations, monitoring and soil handling requirements.  However, development 


of the site did proceed with approval from both NYSDEC and NYSDOH and currently operates under a 


Permit renewed in 2005.  The CWM permit application for a new hazardous waste landfill has also caused 


contention in the community, as the specter of more waste coming to Niagara County is disagreeable to many.  


Long term safety of all of the waste sites (including the NFSS, Modern Landfill, CWM and legacy materials) 


from leakage and offsite migration is of concern.  Therefore the adequacy of monitoring programs to detect 


contaminant transport in potential offsite pathways is important to evaluate.  
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Potential offsite migration of contamination could likely occur via four pathways: surface water drainage, 


groundwater migration, air (volatile and particulate), and sediment transport.  Offsite migration of sediment 


and surface water has occurred during past operations on LOOW.  Monitoring programs have been in place at 


CWM, Modern and NFSS for more than 20 years, but each was developed within the context of the needs of 


the current use of the site and regulatory requirements.  For example CWM is regulated under 6 NYCRR Part 


373, Modern Landfill is regulated under 6 NYCRR Part 360 and NFSS is regulated under Department of 


Energy regulations.  Each landfill has monitoring requirements which reflect the waste activities, but there 


does not appear to have been a unified attempt to include radiologic and common contaminants from shared 


historical use of portions of all three landfill properties.  CWM has in recent years been required to perform 


radiologic surveys and implement a radiologic monitoring plan, but Modern does not perform any radiologic 


monitoring of air, groundwater or surface water. 


Two other properties totaling nearly 1,000 acres are not within the USACE authority to investigate at the 


present time.  Because these properties were owned by the DOD after 17 October 1986, they are addressed 


under the DERP Installation Restoration Program (IRP).  These properties contain the former TNT storage 


igloos north of Balmer Road, the former Air Force Plant 38, which is now occupied by the NYS Army 


National Guard Weekend Training Site (860 acres), and the launch area of the former NIKE missile base1 (98 


acres) at the corner of Balmer and Center-Porter Road.  Although these properties have been subject to 


previous environmental investigation by their respective Department of Defense site owners, there does not 


appear to have been coordination in approach, methodology, or data quality objectives comparable with the 


USACE FUSRAP or DERP-FUDS investigations elsewhere on the LOOW.  There has been no recent 


community outreach or discussion concerning the results obtained from the IRP investigations.  


As a result of the separate and distinct purposes and regulatory requirements, it appears that there is also 


fragmented jurisdictional oversight.  The issues in play include delegation to USACE from DOE for 


radiologic and chemical investigations under FUSRAP; USACE investigation of past DOD sites under the 


DERP-FUDS  program; involvement of multiple branches and offices of NYS DEC (headquarters in Albany 


and Region 9 in Buffalo) concerning regulation of air, solid waste, hazardous waste, surface water, and 


wildlife; separate regulation of radiologic and drinking water quality issues by different parts of NYSDOH; 


and occasional limited involvement by USEPA.   The responsibility for the approval process for USACE 


activity on the LOOW and identification of “who is the regulator?” needs to be better explained to the public.  


At the moment, it appears that although state agencies provide comment to USACE, the USACE is under no 


obligation to act on this advice. 
 


1 The NIKE missile base launch area property was recently sold to a private party. 
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The two active waste disposal operations and the NFSS do not use a common coordinate system and elevation 


datum.  Instituting such a basic requirement would make evaluations and oversight of the entire LOOW 


property much easier, as monitoring locations and data could be readily linked. 


An apparent lack of consistent funding and resources to USACE has resulted in a multi-year delay in 


publishing the NFSS Remedial Investigation report, which contains fundamental information for decision-


making, and completing the DERP-FUDS and FUSRAP investigations.  The main NFSS data collection and 


groundwater modeling exercises had been essentially completed by June 2003 when the Technical Project 


Planning Team met to begin discussing feasibility studies.  The remediation process has become long and 


drawn out which leads to public fatigue and frustration.  In addition, the data that will be used for the 


feasibility study and management decisions will reflect conditions as they existed at the time of collection. 


Contamination discovered, but determined to be non-DOD by USACE, results in ceasing further investigation 


and is left to the legal process to identify Potentially Responsible Parties to continue investigation and 


cleanup.  Ultimately, the current landowner is responsible for cleaning contamination unless the federal 


government takes responsibility, or is found to be responsible for it.  This is an issue now for CWM and part 


of the Somerset properties.  DOD contamination in the DERP-FUDS program has been strictly defined and as 


a result, investigations may be stopped or incomplete, even if DOD is likely responsible since the criteria 


ignores common contaminants that large DOD infrastructure would have used. 


An impressive amount of historical records review has been carried out by the USACE and their contractors.  


However, some aspects remain apparently incomplete.  For example, the USACE History Search Report (EA 


Engineering Science and Technology Inc., 1997) is not accurate with respect to the location of the North East 


Chemical Warfare Depot which occupied land to the north and south of Balmer Road.  Concern from the 


public that the USACE assumed the buffer areas were unaffected by DOD operations led to a review of air 


photography which indicated activity in the buffer area during DOD ownership and led to the Small Bermed 


Clearing Investigation (U. S. Army Corps of Engineers, 2004).  The 2007 NFSS Remedial Investigation 


Report (Science Applications International Corporation, 2007) refers to the “possibility” of fission products 


on the NFSS, when in fact the Knolls Point Atomic Power Laboratory (KAPL) has already confirmed that 


fission products were sent to LOOW and stored on the NFSS (Hanner, 1958; Sweeney, 1958).  The issue of 


plutonium waste, other than the small amounts contained in the fission product waste sent to the LOOW 


deserves further assessment.  The location of the Rochester burial area containing plutonium and/or other 


waste has been investigated several times, but there appears to remain locations which have not been 


investigated thoroughly (Appendix G).  







  Community LOOW Project 


 


 3-4


3.2 Data Gap Analysis 


The goal of the data gap analysis is to identify issues that might lead to recommendations for further 


investigation, clarification or presentation of additional information not readily apparent in the available 


studies.  For the purposes of this report, a “data gap” is considered to be lack of data concerning a particular 


issue, such as chemical analyses, an insufficient number of samples, or data required to make an 


interpretation, inappropriate methodology, and/or inappropriate application or interpretation of certain results.  


A gap could also be identified in procedures or may be of a systemic or random nature. 


3.2.1 Monitoring Programs 


Potential offsite migration of contamination could occur via four pathways: surface water drainage, sediment 


transport, groundwater migration and air.  Monitoring programs have been in place at CWM, Modern and 


NFSS for more than 20 years, but each was developed within the context of the needs of the current use of the 


site and regulatory requirements.  For example CWM is regulated under 6 NYCRR Part 373, Modern Landfill 


is regulated under 6 NYCRR Part 360 and NFSS is regulated under DOE Order 5400.5. 


3.2.1.1 Air 


Three properties have air monitoring programs in place: CWM, Modern landfill and the NFSS. 


Modern Landfill operates under a Title V air monitoring permit that addresses emissions from landfill gas 


collection and combustion system, a rubble processing plant, a leachate storage tank, and other provisions 


related to complaints or other nuisances associated with MSW landfills.  Emissions monitoring (particulate 


monitoring, sulfur dioxide, ozone, nitrogen oxides and carbon monoxide), record keeping and maintenance 


procedures are to be followed to remain in compliance.  There is currently no air monitoring requirement or 


known issue associated with prior historical activities. 


The CWM property operates six perimeter air monitoring stations situated around the main landfill/process 


area of the property.  Currently, CWM is only required to monitor for total suspended PM10 particulates.  A 


one-time analysis of PM10 particulates for isotopic uranium, thorium, radium and gamma spectroscopy on 


composited filter dust was performed in July 2005 in accordance with the approved Radiation Environmental 


Monitoring Plan.  During CWM operations, air monitoring studies have been performed to evaluate PCB 


(1987-1996), Semi-Volatile Organic Compounds (SVOC, 1991-1992), Volatile Organic Compounds (VOC, 


1984-2000) and metals (1991) in air at the facility..  Chemical-specific monitoring has been suspended with 


NYSDEC approval based on the data collected, changes to facility operations, and disposal restrictions.  The 


various reasons for terminating the CWM VOC in air program were described in Zayatz(2000).  NYSDEC 


suspended this program in August 2000 (Rostami, 2000).  Among the reasons cited, it was noted that regional 
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ambient concentrations were elevated.  A review of the final 12 months of VOC monitoring at CWM 


indicated that two carcinogens (carbon tetrachloride and benzene) were consistently above state ambient 


guidelines and two other carcinogens were occasionally above the AGC.  If other regional sources, and not 


CWM, are the source of these elevated concentrations of carcinogens in air, then this indicates a potential 


larger issue for the local community and it would be of benefit to the community to know the source(s), and 


implications of their presence, and to monitor them. 


The NFSS monitors external gamma radiation, radon gas concentrations and radon-222 gas flux from the 


IWCS at the site fence line and above the IWCS.  Airborne particulates are not monitored, and radiation doses 


are estimated using models and off-site meteorological data.  


Review comments concerning air monitoring at NFSS and CWM are contained in Appendix C. 


Data gaps and concerns noted regarding air monitoring include: 


• the number and locations of current air monitoring (PM) stations on CWM property were previously 


approved and permitted by NYSDEC. .  A re-assessment of the air monitoring program has been 


requested by NYSDEC, and this is considered to be appropriate. 


• A re-evaluation of particulate monitoring and analytical equipment should be included in the 


NYSDEC assessment of CWM air monitoring to determine whether PM2.5 monitoring is a more 


appropriate approach than PM10; 


• A re-evaluation of ‘background’ air sampling locations (use of comparative stations located at sites 


off the former LOOW property); 


• There is a need for PM monitoring stations at NFSS; 


• The need for chemical, as well as radiological, analysis of collected PM samples at CWM and NFSS;  


• a re-evaluation of mathematical procedures used to calculate community dose exposures should be 


considered; 


• For radiologic monitoring of NFSS, the USACE should be using a lower exposure guideline.  The 


guideline currently used is 100 mrem/y, which is appropriate for operating nuclear facilities.  Since 


the NFSS resembles a disposal or decommissioned site, a guideline of 25 mrem/y would be more 


appropriate; 


• The most recent VOC monitoring at CWM (ended in 2000) indicated carcinogens in air that may be 


due to regional sources.  It is unknown if the elevated compound levels remain and if they do, the 


sources should be identified. 
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3.2.1.2 Surface Water 


Prior to construction of the IWCS on NFSS, surface water on the LOOW and downstream was contaminated 


with radionuclides and some metals above background levels (Battelle Columbus Laboratories, 1980; Oak 


Ridge National Laboratory, 1979b).  Since development of the landfill operations, surface water quality 


monitoring programs have been implemented by CWM, Modern Landfill and operators of the NFSS.  Prior to 


closing of AFP 38, the plant was subject to a SPDES monitoring requirement of surface water leaving the 


outfall at the northwest corner of the current USANG WETS, and no monitoring has occurred since 1983.  


CWM monitors discharge to four external outfalls (Niagara River, two tributaries to Four Mile Creek, one 


tributary to Twelve Mile Creek).  CWM is currently undergoing a SPDES permit modification.  The Modern 


Landfill monitors surface water quality at five locations (three sedimentation basins and two tributaries to 


Twelve Mile Creek).  The USACE monitors surface water quality on the NFSS property at four locations in 


the Central Drainage Ditch and one upstream location in Ditch 31(east boundary with Modern) on an annual 


basis. 


Data gaps and concerns noted regarding surface water monitoring are: 


• CWM has had a history of detectable PCB in surface water at the SPDES outfalls.  Installation of  


carbon cloths and maintenance have essentially eliminated PCB detections since August 2004 at 


Outfall 002.  However, removal of sources in upland areas before PCB reach surface or groundwater 


would be preferable to ongoing active control. 


• The approved SPDES permit for CWM has a Calculated Limit water quality standard for Total PCBs 


of 0.001 ng/L which is below the approved method detection limit of 65 ng/L.  Consideration should 


be given to adopting USEPA Method 1668A which can provide lower detection limits and congener 


analysis; 


• NYSDEC should consider including potential legacy contaminants boron, lithium and radionuclides 


as part of long-term monitoring activities at CWM and Modern Landfill ; 


• NFSS does not monitor the West ditch (directly west of the IWCS) even though the recent 


investigation found West Ditch to be contaminated with radiologic constituents (Science Applications 


International Corporation, 2007). 


3.2.1.3 Groundwater 


There are groundwater monitoring programs in place at NFSS, Modern landfill and CWM.  Each site has 


different requirements with regard to analytes, frequency, and water level measurements. 
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Data gaps and concerns noted regarding groundwater monitoring are: 


• The number of monitor wells monitored at NFSS for quality is strikingly low compared to the 


adjoining landfill operations and the contents of the IWCS.  NFSS monitors only eight monitor wells 


and all are completed in the upper water bearing zone (in September 2008, the USACE indicated that 


they have increased the number of wells monitored).  By contrast, Modern Landfill monitors the 


Upper till (4 wells), the glaciolacustrine silt and sand (20 wells) and bedrock (one well).  CWM has a 


network of over 300 wells of which 67 monitor the Upper Clay till and 68 monitor the lower 


glaciolacustrine silt and sand.  Notwithstanding the much larger scale of Modern and CWM 


operations, the widespread groundwater and soil impact at NFSS as described in Science Applications 


International Corporation (2007), the USACE should be monitoring many more wells around the 


IWCS, throughout the site, and the lower water bearing zone (known as the glaciolacustrine silt and 


sand). 


• Downgradient monitoring wells at the property line should be installed at NFSS; 


• Each of the three groundwater level monitoring programs operates on different frequency and timing.  


Levels at NFSS and Modern are monitored quarterly, CWM monitors water levels annually but not 


all wells during the same time period.  CWM and Modern coordinate the dates of monitoring.  For the 


purposes of understanding groundwater flow across the entire LOOW area, there should be 


coordination of the timing of groundwater level measurements between the three monitoring 


programs and the NYSDEC.  Otherwise, the information remains compartmentalized and potential 


offsite impacts cannot be distinguished. 


• Due to the historic presence of radiologic materials on each of the three disposal facilities, radiologic 


parameters should be included in the monitoring programs, in addition to boron and lithium.  CWM 


now has an approved Radiation Monitoring Plan (August 2007) and initiated groundwater radiation 


monitoring at selected wells in 2005. 


• The NFSS should include multilevel groundwater monitoring locations adjacent to the Central 


Drainage Ditch and the West Drainage ditch for the purpose of monitoring groundwater-surface water 


interaction.  Discharge of groundwater from the upper clay till to surface water is an important 


pathway that appears to be underappreciated and not monitored; 


• There are no monitor wells in the southwest portion of the IWCS, where construction difficulties may 


have affected the integrity of the clay dikes.  There is also elevated uranium in groundwater in this 


area; 
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• There are no water level monitoring devices within the IWCS.  Without this information, it will be 


extremely difficult to verify expected behavior of the cap with regard to infiltration, driving force for 


groundwater inside the IWCS, or expected time to fill the waste storage bays.  Geophysical surveys 


should be considered with the purpose of targeting the water table, or installation of measuring 


devices. 


• The spacing of monitor wells at CWM was specified in the 1980’s based on assessments of likely 


plume dispersion which would be considered to be excessive today.  A review of well spacing and 


requirements should be undertaken in context of current understanding of plume behavior and 


fractured surficial clayey aquitards. 


• Major ion chemistry has been analyzed in the annual NFSS monitoring.  However, charge balance 


calculations suggest that the quality of the data could be improved.  This is important to better 


understand the migration of contaminants from the IWCS.  For example, trends at OW15B (adjacent 


to the West Ditch) show rising sodium, magnesium and sulfate concentrations, perhaps indicating 


arrival of a contaminant plume.  The uranium residues stored at NFSS are associated with sulfate, and 


good geochemical data and interpretation will be required to assess, understand and predict migration 


of plumes from the IWCS or related areas. 


• Areas of known contamination on the CWM property (e.g. related to AFP 68, Olin Burn area) have 


been investigated (Acres International Corporation, 1990) and remediation plans made (Acres 


International Corporation, 1995), but have not been remediated yet.  No monitoring of these areas has 


been performed since the early 1990’s.  This would be the responsibility of the USACE to implement 


and NYSDEC to ensure the work proceeds. 


3.2.2 DERP-FUDS Phases I and II 


A review of the DERP-FUDS Phase I and II remedial investigation and related documents by Dr. Ronald J. 


Scrudato is contained in Appendix D.  A number of issues have been identified concerning the investigations 


and the overall former LOOW property.  The reader is referred to the Appendix D for details, but the 


conclusions are reproduced below. 


“With the required construction materials and development of infrastructure required to support the original 


use of the LOOW property, a wide range of materials were imported to the TNT manufacturing facility.  


Imported chemicals included raw materials, fuels, solvents, construction materials, equipment maintenance 


and supplies, waste management facilities and treatment processes, chemical waste management and a broad 


range of organic and inorganic chemicals.  The required chemicals extended beyond the boron, lithium and 


TNT utilized in direct manufacturing.  
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The post 1943 uses of the LOOW properties included a range of activities that also required use, management 


and disposal of materials required to support the array of activities conducted at the LOOW properties over 


the following 65 years.  


The LOOW properties also became a storage facility for radioactive waste materials and essentially 


established the sites destiny as a waste management facility by excessing portions of the property to large and 


expanding waste management firms.  


Despite the range of chemicals required to conduct the of activities carried out by the military over the past 


65 years, the DoD responsibilities for the COPC at the LOOW properties is restricted to lithium, boron and 


TNT/explosives.  


Background concentrations of COPC were determined by sampling at locations within the LOOW to areas of 


the site believed to be free of military sources of contaminants. This deduction was developed and 


implemented in the site characterization phases of the site despite the lack of understanding of the past uses of 


sites where background samples were collected or how surface and groundwater may have played a role in 


contaminant migration and accumulation within and offsite of the LOOW.   


The network of large drainage ditches were developed on the site and the limited sampling conducted on 


ditch sediments, it is evident that the ditches transported COPC in the past and likely continue to transport 


contaminants offsite including to the Niagara River and Lake Ontario. Failure to conduct additional 


sampling of the ditches in the Phase ll Remedial Investigation was based on limited information and 


assessment of the likely role played by the ditches to transport contaminants from the military and non-


military activities conducted at the LOOW over the past 60 plus years. 


Ditch construction for pipeline development can significantly modify surface and near surface water 


migration and serve as conduits for contaminant migration.  Additional investigation of the role played by 


pipelines needs to be conducted to ensure there is a clear understanding of the migration and redistribution 


of shallow groundwater along pipeline ditches.”   


Data gaps or issues of concern related to site characterization issues include: 


• Insufficient sediment sampling of the Southwest drainage ditch, and vertical coring techniques should 


be used in all sediment sampling; 


• The DOD marker compound list should be broadened; 


• Congressional funding is critical to continuing the investigation and remediation; 


• Background chemical data should be established from areas known to be free of contamination; 
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• Sediment samples should be collected near the mouth of creeks discharging to Lake Ontario from the 


LOOW for the purpose of characterizing presence of contamination and age dating; 


3.2.3 Analysis by Property 


3.2.3.1 U.S. Army National Guard Weekend Training Site 


The currently active U.S. Army National Guard WETS consists of the approximate 860-acre area north of 


Balmer Road that contains the former LOOW storage igloos and former Air Force Plant 38.  Initially this 


property was developed to store TNT in 25 concrete “igloos”.  This entailed construction of the igloos, 


connecting roads and drainage ditches, support buildings and railroad.  Following the closure of the TNT 


plant, this area was used by the Chemical Weapons Service for storage of materials in the North East 


Chemical Weapons Depot (NECWD).  The materials temporarily stored at the NECWD may have consisted 


of incendiary bombs, phosgene and impregnite (EA Engineering Science and Technology Inc., 1997). 


The USAF subsequently used the eastern portion of the site for the construction, operation, and eventual 


closure of AFP-38 during the period 1950 to 1992.  The AFP 38 was operated by Bell Aircraft Corporation as 


a rocket, missile and laser development site, test facility for rocket research and activities included storage 


and loading of missile fuels, and test-firings.(EA Engineering Science and Technology Inc., 1997)  Plant 


operations ended in 1983.  The AFP 38 installation included administration, maintenance, chemistry 


laboratory and flush buildings, underground fuel storage tanks, container storage pad and an incinerator.  


Incineration of wastes from various facilities occurred, such as isopropyl alcohol, monomethyl hydrazine and 


unsymmetrical dimethyl hydrazine (Ecology and Environment Inc., 1988). 


The Army re-acquired the western 331.78 acres of the igloo storage area from the USAF in January 1979 for 


the Army National Guard WETS.  Operations and activities may have involved the use of hazardous materials 


or disposal of hazardous waste through open air pit detonations, drum storage and weapons testing (Roy F. 


Weston Inc., 1993; Savage, 1987).The Army acquired the remaining 528.89 acres from the USAF in August 


1992. 


The site is primarily used for Reserve and National Guard field training which involves outdoor training and 


weapons familiarization.  The facilities include areas for vehicle and helicopter training, storage bunkers, an 


explosive ordnance disposal (EOD) range and a 25 m small arms range.  Currently the WETS is fenced and 


posted, but the fence visible from roadways appears to be in poor repair around portions of the property. 


The Central Drainage Ditch runs north-south approximately 150 m inside the western property boundary.  


The CDD was documented to be contaminated with radionuclides in 1981 and was remediated by excavation 


(Bechtel National Inc., 1986). Of particular interest is the Magazine Ditch which transects the central igloo 
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area and drains the vast majority of the western and central potion of the property.  The Magazine ditch 


receives surface water from the main outfall of the CWM operation at Balmer Road.  Magazine Ditch travels 


northeast and later turns west along the northern property boundary before joining the Central Drainage Ditch 


at the Northwest corner of the property.  A small dam stores surface water from the Magazine Ditch prior to 


entering the CDD.  The remaining portion of the property east of the igloo area drains northward to Six-Mile 


Creek. 


Surface water was once monitored through a SPDES permit, but this ceased in 1983 after the Bell Aerospace 


test operation was shutdown. 


The known presence of radiologic materials north of Balmer road was brief and involved storage of four train 


carloads of K-65 residue in drums within igloo 9050.  This was soon stopped as monitoring indicated 


excessive radon levels (Aerospace Corporation, 1982). A subsequent survey found no radiation in building 


9050 for alpha, beta and gamma on February 25 2004 (MJW Corporation Inc., 2004).   


Environmental assessment was to be done by the Air Force before final transfer to Army National Guard 


(McKenna, 1991). Leaks of heating oil from above ground tanks have been noted (Dicky, 1993).   


Phase I Records Search and Phase II Surveys were conducted by the Air Force (The Earth Technology 


Corporation, 1986).  The Phase II, Stage I investigation addressed drainage ditches (6 sediment, 6 water 


samples), the salvage yard (2 soil samples), burn pits ( 1 composite soil sample from each), Maintenance and 


flush building (2 soil and 1 water sample) and the fuel storage tanks and electrical transformers( one oil 


sample).  Fluoride, lead and chlorinated hydrocarbons were detected in drainage ditches and PCBs was 


detected in the transformer.  Possible influences from neighboring properties was noted as potential sources.   


Additional sampling was recommended near the Flush Building and Salvage Yard. (Ecology and 


Environment Inc, 1988).  An interim closure action for RCRA units involved removal of underground tanks, 


soil, sludge and resampling of excavated soils (The Earth Technology Corporation, 1989). A limited 


analytical program tested for purgeable organics, petroleum hydrocarbons, lead, pesticides and PCBs, volatile 


organic compounds and RCRA characteristics.  Underground storage tanks were removed.  Two heating oil 


storage tanks were exempted from federal regulations.  Figure 1-4 of Hargis & Associates Inc.(1989) 


indicates the locations of 31 fuel oil storage locations on AFP 38, however their fate is not known. 


 Phase II confirmation studies for RCRA regulated units (the incinerator pad area and container storage pad 


area) were performed in 1988 and 1989 (The Earth Technology Corporation, 1991).  Twenty-nine samples 


were collected from two excavations of pit soil and pit water.  Analyses included purgeable aromatics, VOC, 


TPH, lead, EP toxicity, and pesticides.  No hazardous constituents were detected.  Total Petroleum 
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Hydrocarbons was found in soil, so soils were excavated, spread, aerated, and then backfilled into the 


excavations.  


The drainage ditches were assessed using six sediment, six surface water and no groundwater samples.  Five 


sediment samples were collected from the Containment basin and analyzed for TOC, TOX, nitrates and Oil 


and Grease.  Two burn pits (for hydrazine wastes) were assessed using two composite soil samples collected 


at a depth of 1 ft.  The container storage pad was assessed using four soil samples.  Petroleum hydrocarbons 


were found at a depth of 5 ft.  The incinerator pad was investigated, and concluded to be of no risk.  Low 


permeability soil and low groundwater movement suggested a low potential for contamination and risk to 


public health.  The Air Force determined that no further action was required for AFP 38 (ASD/CEV, 1992). 


An investigation of the western portion of the property (referred to as Youngstown WETS) sampled locations 


related to the explosive ordnance range, the small arms range, the former drum pile, storage bunkers and 


drainage ditches (Roy F. Weston Inc., 1993).  No surface water or groundwater samples were obtained.  It 


was concluded that surface water and sediment contamination existed, but the source was unclear due to 


presence of neighboring “environmentally significant” operations.  Additional sampling was recommended. 


Asbestos abatement, building demolition and removal of PCB contaminated soil was undertaken in 2005. A 


spill (#05-313) was reported to DEC in April 2005 and cleared in March 2007 of an unknown petroleum 


product.  PCB were found in pits at building 9001 and removed in fall of 2005 (Clough Harbour & Associates 


LLP, 2005). 


Based on the available information, the following data gaps or issues of concern have been noted: 


• There have been no groundwater investigations on this property.  Monitor wells were installed for 


background purposes during the DERP_FUDS Phase I; 


• The thoroughness of the historical review of the AFP 38 operation should be expanded to better 


explain the activities and potential contaminants that may have been present.  For example, “test area 


deluge waters” are undefined and the reasons for neutralization of spills or discharges would be 


helpful in understanding the processes.  Reference to fuelling of Minuteman missiles using liquid fuel 


is referenced, but Minuteman missiles were the first solid-fuel intercontinental ballistic missiles.  If 


solid fuel rocket engines were tested at AFP 38, then ammonium-perchlorate (or potassium-


perchlorate) based materials were undoubtedly used.  There has been no testing for perchlorate or 


ammonia and other related compounds at the US ANG property. 


• If liquid fuel rockets were tested using monomethylhydrazine and unsymmetrical dimethylhydrazine, 


as has also been referenced, then there are likely other compounds involved in the chemistry of the 
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reactions, such as cyano- or amino- compounds.  In either case, rocket fuel related compounds have 


only been analyzed in a limited number of samples; 


• Apparently chlorinated solvents were used for “flushing”.  If so, then potential DNAPL issues should 


be addressed and have not been. 


•  The number of samples that have been collected to assess drum piles, burn pits, rifle range, etc. is too 


limited to be confident that all potential sources of contamination have been discovered.  


3.2.3.2 Town of Porter 


In 1985, approximately 3.4 acres located in the southeastern portion of the original 860-acre igloo area were 


conveyed to the Town of Porter for use of a water tower on the parcel.  The USAF constructed the tower on 


the parcel during the operation of AFP-38 (EA Engineering Science and Technology Inc., 1997). 


We are not aware of any environmental surveys conducted on this small parcel. 


3.2.3.3 Air Force Nike Missile Base Launch Area 


The former NIKE Missile Base was operated by the U.S. Army from 1954 to 1966.  The NIKE Base occupied 


a north-south oriented rectangular-shaped parcel approximately 310 acres in size located in the east-central 


portion of the former LOOW TNT production area.  This area was also the eastern portion of the land parcel 


owned by the USACE (EA Engineering Science and Technology Inc., 1997)e.  The base was divided into two 


areas, Launch Area and Control Area.  The Launch Area was located in the northern section of the base at the 


southwest corner of the intersection of Balmer and Porter Center roads.  The Control Area was located in the 


southern portion of the base.  The Launch Area contained 6 silos housing 6 surface-to-air missiles.  This 


section concerns the Launch area, as the Control Area is now owned by CWM.  The former Launch Area was 


decommissioned and transferred to the US Air Force in 1966 for the construction and operation of the YTA .  


The property was sold on 14 February 2008 to Southport Rail Transfer LLC for $160,000.  Future plans for 


the site are unknown. 


A Preliminary Assessment (PA) was conducted in 1989, followed by a Site Inspection (SI) completed in 1994 


and reported in the Environmental Baseline Survey (Lu Engineers, 2000).  The investigations were carried out 


to meet ASTM guidance E-1527-97 for Site Assessments.  Six areas of potential concern were identified: 


Dump Sites, Sanitary Sewer Drainage System; Nike Missile Site; Underground Storage Tanks; Property 


Fence Line Site; Missile Fueling Site.  A field investigation was undertaken consisting of soil borings, soil 


sampling and analysis, monitoring well and piezometer installation and sampling, sampling of water and 


sediment in the site drainage system and former missile silos, and sampling and analysis of various other site 


media relating to the listed areas of concern (Lu Engineers, 2000). 
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The environmental investigation also involved removal of underground storage tanks, asbestos and lead paint 


assessment, and removal of water and hydraulic oil from the silos.  Sediment samples indicated the presence 


of acetone and 1,4 dichlorobenzene and some PAHs.  PCBs were detected in some hydraulic oil, and disposed 


of.  Apparently, NYSDEC concurrence on the assessment and remediation efforts was obtained (Lu 


Engineers, 2000).  


Based on the available information, the following data gaps or issues of concern have been noted: 


• There has been no testing for hydrazine or other missile fuel components in the vicinity of the fueling 


area; 


• The composition of the waste dump sites is unknown and represents a potential risk. 


3.2.3.4 CWM Chemical Services, LLC 


CWM currently owns and operates a Treatment, Storage, Disposal, and Recovery (TSDR) Facility permitted 


under the Resource Conservation and Recovery Act (RCRA).  The 710-acre facility is located on the south 


side of Balmer Road in the former TNT production area of the former LOOW.  Previous activities included 


manufacture of TNT as part of the LOOW, temporary storage and transshipment of munitions and chemicals 


as part of the Northeast Chemical Warfare Depot, storage and burial of radioactive materials, burial and 


burning of waste from U. S. Air Force and Navy high energy fuel projects (Golder Associates Inc., 1993).  


Development as a private hazardous waste operation began in 1972 as Chem-Trol Pollution Services, Inc., 


then SCA Chemical Waste Services Inc.  SCA Chemical Services, Inc., and then CWM Chemical Services, 


LLC.  Ten closed landfills and one operating landfill are present on the site. 


Interestingly, the property was initially transferred from the General Services Administration with their 


provision that the land not be used for waste disposal.  A 1972 Order from the State Department of Health 


directed that land on the property not be disturbed due to the presence of residual contamination, and the 


Order has not yet been removed.  The Order was amended to allow disturbance under certain conditions in 


1974.  Since 1975, NYSDEC has had primary jurisdiction to regulate radioactive materials not subject to 


federal regulation.  A Radiation Environmental Monitoring Plan for CWM was approved by NYSDEC in 


August 2007 and annual radiation monitoring of groundwater in selected wells was initiated in 2005.  


Portions of the property have been the subject to investigation under the DERP_FUDS and FUSRAP 


programs ((EA Engineering Science and Technology Inc., 2002; Science Applications International 


Corporation, 2007).   


A RCRA Facility Investigation (Golder Associates Inc., 1993) indicated contamination on the site by PCBs, 


aromatic compounds, halogenated aromatic compounds, halomethanes, halogenated aliphatics (most 
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frequently found compounds), ketones, pesticides, PAHs, phenol and bis(2-chloroethyl)ether.  Pre-1980 spills 


and leaks have been thought to be the source of most contamination rather than the regulated landfills.  


Corrective measures authorized by NYSDEC addressed contamination in twelve Solid Waste Management 


Areas, including the former west Drum area, the Process Area, the Lagoons and the area south of SLF3.  


Another eighteen SWMUs were deemed to be the responsibility of the DOD (Golder Associates Inc., 1993). 


The former DOD facilities on CWM property have been subject to past and ongoing investigations regarding 


chemical contamination related to the TNT production (LOOW) and advanced fuels (AFP 68).  Buried 


infrastructure and utilities from the LOOW are under investigation to address potential TNT residue in buried 


pipelines. 


The CWM property was once very active with DOD and AEC activity and contained several “Vicinity 


Properties” which were related to the NFSS.  Radiologic contamination had previously been found at CWM 


and remediated (Bechtel National Inc., 1986; Bechtel National Inc., 1989).  All Vicinity Properties, except for 


three, were assessed for radiologic contamination and deemed to be appropriate for unrestricted use (Bechtel 


National Inc., 1992).  The three properties were not included because they had not been accessible for 


assessment: Vicinity Property E, E’ and G.  A critique of the certification docket is attached in Appendix E.   


The main conclusions of Appendix E are shown below: 


“As evidenced by the qualitative analyses of the past surveys performed on the properties as well as the 


quantitative analysis it is difficult to conclude that these vicinity properties should have been released for 


unrestricted development in 1992.  Several of the properties still have areas that would cause a potential 


resident to receive a dose over the 25 mrem/yr limit set by the EPA. 


Fully comprehensive surveys were not performed and they seemingly excluded areas that were stated as 


having extremely high points of contamination on these properties.  Further surveys, analysis, and 


remediation should have been done on these properties and the CDD before they were released for 


unrestricted development in the early 1990s.” 


Based on the available information, additional data gaps or issues of concern have been noted: 


• Results of recent radiologic surveys across the entire property have not yet been released (due 


December 2008), and three former vicinity properties not yet fully investigated due to site 


encumbrances, 


• The Rochester Burial area may have been located further east than the areas previously excavated.  


Comments on burial areas on Vicinity Property G are located in Appendix G; 
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• PCBs in sediment and surface soil remain that may be released to surface water requiring ongoing 


measures to control dissolved concentrations in surface water.  Although the control measures are 


apparently effective, the long term implication of the PCB contamination is that these measures will 


be required indefinitely.  Identification and effective remediation of PCBs in the upland soil or 


sediment should be considered to prevent PCBs from entering surface water in the first place. 


• DOD contamination remains on the CWM property and is subject to ongoing investigation (i.e. 


underground utilities investigation).  However, some DOD contaminated areas which have previously 


been investigated and remediation plans prepared, are not yet implemented (e.g. Olin Burn Area). 


• TNT and other residues remain in buried pipelines from former LOOW 


• Groundwater level measurements are carried out on an annual basis and should continue to be 


coordinated with adjoining properties with the purpose of understanding groundwater flow across 


neighboring properties. 


3.2.3.5 Somerset 


The Somerset Group property consists of approximately 39 acres and is located in the west central portion of 


the former LOOW TNT production area.  The property is located north of the former fifth and sixth TNT 


production lines.  Following closure of LOOW, the Somerset Group property was part of the approximate 


1,500-acre parcel acquired by the U.S. Atomic Energy Corporation for various storage activities.  The 


USAEC parcel was declared excess and transferred to the GSA in 1955.  Later, the land was used by the U.S. 


Air Force and U.S. Navy for production of High Energy Fuels.  The GSA sold a 775-acre parcel containing 


the current Somerset Group property to the Fort Conti Corporation in 1966.  Approximately 159 acres of this 


parcel was then sold to the Somerset Group in 1970. The Somerset Group sold the parcel except 39 acres to 


CWM in 1980(EA Engineering Science and Technology Inc., 1997). 


3.2.3.6 Occidental 


Occidental Chemical Corporation (Occidental) owns 303.84 acres in an area west of the CWM Chemical 


Services property and northwest of the NFSS.  Hooker Chemical and Plastics Corporations (Hooker) 


purchased the land from a private landowner in 1975 and later sold it to Occidental Chemical Corporation 


(EA Engineering Science and Technology Inc., 1997).  The property remains essentially undeveloped.  Very 


limited investigations have been performed other than those associated with USACE DERP-FUDS 


investigations (Phase 1 and Small Beamed Clearings investigation).  Three areas were investigated by the 


DERP_FUDS: a fenced storage area, a pond and small bermed clearings(U. S. Army Corps of Engineers, 


2004). 
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Based on the available information, the following data gaps or issues of concern have been noted: 


• There remains no explanation for activities or use of the isolated storage/disposal area. 


• Groundwater has not been tested in the vicinity of the storage area 


• Previous analyses of the drum contents were all non-detect, but the detection limits were well above 


the criteria.  This suggests that an additional attempt to analyze the material should be made. 


• The elevated zinc concentration in surface soil samples 3, 4, and 10 were unusually and exceptionally 


high (0.3 to 1.1 wt%); 


3.2.3.7 Niagara Falls Storage Site 


The current NFSS is located in the southwestern portion of the former LOOW TNT production area.  The 


property is 191 acres and is used to store residual radioactive materials stored at the site and generated during 


the remedial actions that occurred between 1953 and 1992.  Radioactive materials are currently encapsulated 


onsite in the NFSS within an engineered interim waste containment structure (IWCS).  The IWCS is located 


in the western portion of the NFSS and includes buildings from the former LOOW freshwater treatment plant, 


which have been used to store the uranium waste materials.  The western boundary is adjacent to the right-of-


way for National Grid (formerly Niagara Mohawk) and the West Drainage Ditch.  The Central Drainage 


Ditch is oriented north-south through the central portion of the NFSS and is located directly east of the IWCS.  


The NFSS property also has areas where historical activities occurred which may have affected soil, sediment  


or groundwater, such as: the Acid Area from the former TNT plant, shops area, Baker-Smith Area where 


waste from the Knolls Point Atomic Power Laboratory (KAPL) was stored, the Power plant area which also 


stored radioactive material and housed a Boron-10 isotope separation plant, the new naval waste disposal 


area, two radium storage vaults, storage, sawing and cleaning of uranium rods (Aerospace Corporation, 


1982)and a silo once used for water, but later used to store K-65 uranium residues containing high radium 


activity, and an organic material burial area. 


The NFSS has a long and interesting history which has included many environmental investigations 


(Aerospace Corporation, 1982; EA Engineering Science and Technology Inc., 1997).  The recent Remedial 


Investigation (Science Applications International Corporation, 2007) describes previous investigations, and 


the results of a significant effort to describe the nature and extent of contamination.  The results of the RI have 


been used in a Risk Assessment which puts risk to human health and environment in perspective2.  The RI 


 


2 The NFSS Baseline Risk Assessment report has not been reviewed as part of this project. 
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report included a records review and a phased approach to fieldwork.  A major geophysical survey was 


undertaken to locate buried debris, utilities, and geologic features and to assess integrity of the IWCS.  A 


computerized model of groundwater flow and transport was developed to assess the migration of 


contaminants from the site over an extended time period of up to 10,000 years. 


Review comments concerning the geophysical surveys, monitoring, remedial investigation report and 


groundwater modeling are contained in Appendix F. 


In addition to the uranium and radium residues derived from the African pitchblende ores, the storage, 


incineration and burial of waste from KAPL also occurred and its potential presence should have received 


more consideration as part of the investigation process.  Waste containing plutonium, fission products and 


other radioactive materials (estimated to have activity of more than 400 Curies) was shipped to the NFSS 


property in the early 1950’s, stored onsite, combustible materials were burned and buried, and the  remainder 


should have been shipped to Oak Ridge for final disposal.  However, poor storage and container conditions 


suggest that accidental releases may have occurred while at the LOOW (Appendix H).  At the least, a 


thorough review of KAPL related waste shipment and handling activities should be part of the assessment of 


the former LOOW property. 


Based on the available information, the following data gaps or issues of concern have been noted: 


• Limitations on the application of geophysical techniques are not adequately explained.  The 


conclusion that no anomalous zones attributable to a contaminant plume, sand and gravel channels or 


inconsistencies in the clay wall were found, were not stated within the context of the ability to detect 


their presence; 


• Ground penetrating radar would have limited applicability in detecting burial areas greater than 2 m 


depth or from widely spaced survey lines; 


• An exposure guideline less than 100 mrem/y should be used since the NFSS is not an operating 


nuclear facility; 


• Use of soil criteria for sediment samples is inappropriate and separate criteria should be used; 


• Airborne particulate monitoring is not included in the monitoring program; 


• Elevated Ra-226 in surface soil occurs throughout the NFSS and in particular at the fence line  


• The number and location of groundwater monitor wells is insufficient.  There is currently no chemical 


analysis and monitoring of groundwater from the lower aquifer zone.  The widespread contamination 
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by uranium and others, in the upper water bearing zone would have been unknown to the public if 


there was only the results of the annual monitoring program and not the results of the RI; 


• The IWCS was constructed over old buildings, former buried utilities and a large number of 


investigation boreholes.  Appropriate “sealing” of these infrastructure elements is claimed, but there 


is no monitoring plan in place that would detect their failure or enhanced contaminant migration 


along these potential pathways.  Discretization of the groundwater model is insufficient to simulate 


the potential pathways along buried infrastructure; 


• The site hydrogeological conceptual model and monitoring network should reflect the complexity of 


fractures in the upper till, sand lenses and potential interaction with surface water.  Aquitard integrity 


of the Glaciolacustrine clay layer, which forms the bottom of the IWCS has not been assessed in 


detail (Cherry, 2005). 


• Some groundwater plumes require further delineation; 


• The previous remediation of West Drainage Ditch was incomplete; 


• The use of Kd values, based on laboratory batch experiments to assess the mobility of inorganic 


species, is problematic and therefore, the predicted results for radionuclide and metals travel time and 


concentration should not be considered to be accurate.  Further assessment of the geochemical 


controls and reactions should be required to properly assess whether the Kd approach is appropriate 


and useful, particularly at an important site such as the NFSS.  Collection of the data which would be 


able to defend or provide insight into the geochemical processes should have been foreseen as a data 


quality objective, since it was known that a transport model was going to be used in the risk 


assessment; 


•  Coordination of groundwater level monitoring should be considered with Modern Landfill and CWM 


to better recognize and understand regional groundwater levels and response to offsite activities (such 


as dewatering) 


• A thorough review and characterization of the KAPL wastes sent to the NFSS and their subsequent 


handling should have been included as part of the design of the remedial investigation.  It now 


appears that there are gaps in knowledge of the significance of the potential presence of plutonium 


and other fission products from KAPL (such as 90Sr analyses in soil which had a detection limit that 


was too high).  It appears that a standard approach of a thorough historical review guiding subsequent 


radiologic surveys and sampling was not followed for KAPL wastes ; 
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3.2.3.8 Town of Lewiston Waste Water Treatment Plant 


The Town of Lewiston owns a portion of the LOOW which was formerly the waste water treatment plant 


(WWTP).  The treatment plant was originally constructed to treat acid sewer and sanitary waste from the 


LOOW TNT plant.  Buildings were constructed for chlorination, pump house, an Imhoff tank, acid 


neutralization, sludge beds, and mixing house (EA Engineering Science and Technology Inc., 1997). Treated 


wastewater was discharged through a 30 inch diameter pipeline which extended westward across what is now 


the LewPort school campus to Creek Road.  From there it went southwest to River Road and discharge to the 


Niagara River.  The WWTP was later used by AFP 68, the Navy Interim Pilot Production Plant, the Boron-10 


plant and the NIKE Base for sewage treatment. 


Adjacent to the WWTP is the WWTP Vicinity Shops.  This area was investigated during the LOOW RI (EA 


Engineering Science and Technology Inc., 1999; EA Engineering Science and Technology Inc., 2002) and 


found to contain elevated concentrations of PAH and metals (boron, lithium, copper and manganese) in soil, 


and boron and antimony in groundwater. 


Based on the available information, the following data gaps or issues of concern have been noted: 


• This property should be further evaluated during the underground utilities investigation; 


• The use of this property by AEC for radioactive waste storage should be reviewed; 


•  The West Ditch which lies directly east of the WWTP has had no sediment or surface water 


sampling; 


• Dangerous conditions exist around pits and the old structures.  The area should be fenced and 


secured. 


3.2.3.9 Modern Landfill 


Modern Disposal Services, Inc., currently operates a New York State Part 360 permitted solid waste landfill 


identified as Modern Landfill.  The landfill occupies 380 acres of land northeast of the intersection of Pletcher 


and Harold Roads, adjacent to and south of the CWM Chemical Services LLC and directly east of the NFSS. 


Landfill construction began in 1983, and most recently began construction of Phase IV in 2006.  The landfill 


receives non-hazardous industrial and household wastes. 


Based on the available information, the following data gaps or issues of concern have been noted: 


• lack of monitoring for radiologic or legacy contaminants in groundwater.  The NFSS RIR 


refers to finding high levels of uranium in two wells on Modern – these were discounted 
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during the background ground water study but raise the question of whether radiologic or 


other parameters entered groundwater from surface contamination prior to surficial cleanups. 


• the effect of pumping bedrock wells for under drain and construction – drawdown extends to 


the boundary with the NFSS (e.g. Environmental Solutions(2006)).   Coordination of 


groundwater level monitoring and data collection should be encouraged. 


• Screening of soil for radiologic constituents during construction should be considered; 


3.2.3.10 LewPort School Campus 


LewPort Schools obtained 4 parcels of land in the summer of 1948 for the construction of public schools on 


the east side of Route 18 at the Lewiston-Porter Township line  The school district currently maintains 376 


acres for three school campus.  The acreage that the LewPort Schools currently occupies was part of the 


buffer zone of the former LOOW.  


The Lewiston-Porter school campus is located on the far western portion of the former LOOW property, with 


entrances from Creek Road.  The campus contains a complex of five main buildings which house pre-school, 


elementary, middle and high school populations.  The property was part of the LOOW buffer areas and 376 


acres was transferred to the School district in 1948 (EA Engineering Science and Technology Inc., 1997).  In 


addition to the buildings, there are wide grass playfields, playground equipment, baseball diamonds, soccer, 


and football fields.  A large portion of the property owned by the school district is treed and extends to the 


east across the southwest drainage ditch.  Students occasionally cross the SW drainage ditch to use running 


trails through the woods. 


The campus is bisected by the 30 inch outfall sewer line which drained from the LOOW wastewater treatment 


plant to the Niagara River.  The 30 in outfall is not exposed on the main campus, but passes between the 


elementary and middle school buildings.  This outfall was used for wastewater disposal during the time of 


TNT production and subsequent operations.  The school campus has also used this line for disposal of 


sanitary waste between 1950 and 1976.  It has been inactive for some time, but the portion east of the SW 


ditch has recently been investigated by the USACE during their Underground Utilities Investigation (not yet 


published). 


The school property and health of children and staff has been the subject of much interest over the years with 


concern expressed over potential buried waste or radioactivity from LOOW property activities.  A summary 


of environmental studies prepared by a former school district administrator (Polka W. D., 2002) indicates that 


between 1989 and 2001 there were various studies investigating air quality (bacteria, mold, fungi in buildings, 


effect of school bus exhaust), water quality (brown water in supply, iron and lead), asbestos, and soil 







  Community LOOW Project 


 


 3-22


sampling (USACE investigations, lead and arsenic, radiologic).  In addition, testing of the school water 


supply (March 13, 2002), soil sampling along the western side of the drainage ditch behind the school campus 


(May 30, 2002), radon testing in school buildings (June 6, 2002), soil testing for inorganics and organics on 


proposed playground site (December 26, 2002). 


Soil sampling identified elevated arsenic in the northern portion of the campus.  Subsequent delineation 


sampling by Chopra-Lee laboratories was performed in the summer of 2001.  The school board initiated a 


program for further testing with public outreach and involvement through the University at Buffalo 


Environmental and Society Institute (Gardella et al., 2004).  A stakeholder listening committee was formed, 


five public meetings were held and a sampling plan was developed.  Forty soil sampling locations were 


identified and samples were collected on July 21 2003 .  Samples were analyzed for semivolatile organic 


compounds, metals, pesticides and PCBs.  A Geographic Information System was used to present and 


interpret the results.  It was found those elevated arsenic and PAH in soil were limited to a small area in the 


north part of the campus.  PCBs were generally not detected except near the roadway and other pollutants of 


concern were at levels typical of background. 


Concerns regarding potential radiologic contamination of the school campus have been addressed by USACE 


through their conduct of a gamma walkover survey performed in December 2001.  This survey was a 


background study performed in conjunction with the gamma walkover survey of the NFSS survey and was 


reported in Science Applications International Corporation(2003).  The survey was conducted using a gamma 


detector and GPS equipment as a technician walked along survey lines spaced 20 m apart across the open 


accessible portions of the property and along the banks of the SW ditch.  Activity levels between 3,051 and 


38,222 counts per minute were observed and attributed to natural materials contained in bricks, granite curbs 


and rocks.  Activity levels were not considered to be hazardous to the public.  Mounds of debris in the 


wooded area and two isolated areas under asphalt paving and granite curbing contained the highest activity 


levels.  A comparison with measurements obtained on the WETS property in much smaller areas (10 m x 10 


m) suggested to the USACE that levels on the school property were significantly lower than at WETS.  In 


either case, it was assumed that there was no reason to believe that any radiologic burials or other DOE 


activity had occurred on the properties that would cause elevated gamma activity. 


Based on the available information, the following data gaps or issues of concern have been noted: 


• The arsenic hot-spot appears to be isolated and a definitive origin has not been identified.  It is our 


understanding that the hot spot will be remediated by excavation of soil (J. Gardella, pers. comm.). 


• A 30 inch outfall pipeline extending from the Lewiston WWTP westward across the school campus 


has not been investigated west of the Southwest Drainage Ditch.  This pipeline was used during the 
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TNT plant and during subsequent activity to discharge waste water.  Potential leakage from the 30 in 


outfall or residue inside or surrounding the pipeline should be investigated on the main school 


campus.   


• Origin and content of mounds in the wooded areas should be investigated and removed if appropriate. 


• As a precaution, there should be some chemical and radiologic surveys of running trails in wooded 


portions of property, and on east side of Southwest drainage ditch. 


• The existing number of sediment samples along the Southwest drainage ditch is insufficient to 


determine the presence or absence of chemical or radiologic contamination from NFSS.  Additional 


sediment sampling in southwest drainage ditch for chemical and radiologic parameters, including use 


of vertical coring delineation techniques should be performed. 


3.2.3.11 Other: Acome Landfill; Walleye Hatchery; Fin, Feather and Fur Society 


The inactive Acome Landfill operated between 1958 and 1960 in the buffer area south of Balmer Road, west 


of the TNT production area of the former LOOW and directly west of the LOOW wastewater treatment plant 


(WWTP). This landfill was operated and owned by Carl Acome.  When operated, the wooded area was 


cleared for construction of an access road and the landfill.  Apparently the Acome parcel was approximately 


31 acres in size, but the landfill was approximately 3 acres.  


Long’s Walleye Hatchery is located on 61.3 acres approximately 2,000 ft south of Balmer Road, west of the 


former TNT plant production area.  Soil was excavated to form fish ponds and appears as rectangular ponds 


on air photos.  The hatchery is used primarily for recreational purposes.  Mr. John Long reported bunkers 


used for TNT disposal by detonation east of the hatchery property, but no evidence of the bunkers was visible 


in 1988 although evidence of disposal activity was observed (Acres International Corporation, 1989). 


The Fin, Feather, and Fur Conservation Society, also referred to as the Three F Conservation Society (3F), is 


located at 904 Swann Road on approximately 340 acres.  The Three F Conservation Society is a recreational 


sportsmen’s club. A large rectangular pond exists on the property due to previous clay mining.  The Fin, 


Feather and Fur Club has not been the subject of a significant investigation as the USACE determined that 


there was no reason to suspect that DOD activities created an impact to the property (EA Engineering Science 


and Technology Inc., 1997).  The 1978 Aerial radiologic survey indicated anomalously high radiation levels 


in the vicinity of the parking lot suggesting that radioactive slag may have been present (EG&G Inc., 1979).  


A follow-up survey indicated this to be non-LOOW radiation (Oak Ridge National Laboratory, 1979b).  A 


review of air photography suggested three small bermed clearings on the property and two were investigated.  


Two composite soil samples were collected and analyzed for TNT, DRO and one sample for radiologic 
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parameters during the USACE Small Bermed Clearing investigation (U. S. Army Corps of Engineers, 2004).  


The results were within the range for background. 


The Lady of Fatima shrine located on Swann Road, northeast of the Three F conservation society, contains 


religious shrines and is the home of the Barabite Brothers seminary.  There is no known reason for concern 


from LOOW or NFSS activities on the property.  However, a 1978 aerial survey did detect a radiologic 


anomaly over the gravel parking area (EG&G Inc., 1979).  A follow-up sampling in 1978 analyzed one rock 


sample from the parking lot and determined that the material is a crushed slag, not related to materials stored 


at NFSS (Oak Ridge National Laboratory, 1979a).  The U-238 concentration in the slag was 52.7 pCi/g, 


which is approximately 55 times higher than background levels.  Ra-226 was also very high and similarly 


above background at 53.7 ±1%.  The source of the material was attributed to waste cyclo-wollastonite slag 


from an electro-chemical process for extracting phosphorous from phosphate rock.  A plant using this process 


operated in Niagara Falls for many decades.  Since the slag was not considered to be related to the LOOW or 


NFSS operations, there has been no further investigation by the federal government. 
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4. Conclusions and Recommendations 


Based on the information available to us the following conclusions have been drawn: 


a) An extensive and overwhelming volume of information from many branches of government has been 


generated since the formation of the LOOW.  Enhancing and maintaining a complete archival record 


of site activities should be considered to build on the work already completed by USACE.  This effort 


should be supported and accessible to the community. 


b) There is an extensive record of environmental sampling that has occurred over several decades.  More 


than 350,000 records have been entered into the LOOW GIS mapping system.  Use of a GIS approach 


to store, visualize and analyze this environmental data is a useful way in which to understand the 


work that has occurred.  Sharing of information in an accessible format between those generating the 


data, regulators and the public should enhance efforts to remediate the former LOOW area.  


c) Insufficient funding and resources of the US Army Corps of Engineers has resulted in multi-year 


delays in getting information to the public and proceeding with decision-making and actual 


remediation. 


d) There are four main pathways of concern for potential offsite impact from operations and 


contamination at the LOOW: air, groundwater, surface water, and sediment.  A re-assessment of the 


air monitoring programs at CWM and NFSS is warranted (and underway at CWM).  Annual 


groundwater monitoring at NFSS has used an insufficient number of wells to monitor the 


groundwater plumes which have now been presented in the NFSS RI document.  Each waste disposal 


operation has its own monitoring and regulatory requirements, however NYSDEC should seek to 


improve coordination and enhance monitoring to provide better overall understanding of groundwater 


flow and the presence of legacy contaminants on a LOOW-wide scale.  Discharge of groundwater to 


surface water deserves further scrutiny as a potential pathway for contaminant migration.  Surface 


water monitoring of ditches that traverse different properties (such as Central Drainage ditch) should 


have a common set of parameters which reflect legacy contamination.  Migration of sediment during 


storm flow should be considered in monitoring programs.  Previous investigation techniques for 


sediment sampling that did not use vertical coring profiles would not have been sufficient to identify 


all potential sediment contamination.  


e) The DOD marker compound list used in the DERP-FUDS investigations is too specific and  


insufficient to reflect the actual breadth of materials and potential contaminants that would have been 


used at LOOW; 







  Community LOOW Project 


 


 4-2


f) Background chemical and radiological data has been collected from some areas which may not be 


free of contamination; 


g) Some of the vicinity Properties should not have been released for unrestricted use due to legacy 


radiation levels.  A portion of the Central Drainage Ditch upstream of Four Mile Creek was never 


remediated; 


h) Contamination at the NFSS is widespread in surface soil and groundwater, including radiologic 


constituents, metals, boron and chlorinated solvents.  Previous remediation of the West Ditch appears 


to have been incomplete. 


i) Useful and sophisticated groundwater modeling has been performed which addresses groundwater 


flow, leaching of contaminants, failure scenarios and contaminant transport.  However, there has been 


insufficient geochemical work presented in the report concerning groundwater conditions to be 


confident that the critical transport parameters (Kd and biodegradation rate) used in the model were 


appropriate. 


j) There has been insufficient investigation to fully characterize the distribution of contaminants at the 


NFSS. 


Based on the conclusions above, the following recommendations are offered: 


1. A complete archival record of LOOW and post-LOOW records should be created to improve on 


the current record availability and as a resource for all residents of Niagara County; 


2. Appropriate funding should be allocated to maintain the LOOW GIS mapping system, and to 


update it in the future as monitoring data and the results of investigations are received.  Training 


of staff at county libraries or other method to assist members of the public in accessing the GIS 


system via internet should be considered. 


3. The limiting and rigid definition of DOD marker compounds used in the DERP-FUDS 


investigations should be broadened in view of the much larger number of materials and potential 


contaminants that would have been used at LOOW (such as chlorinated solvents and petroleum 


hydrocarbons); 


4. Improvements to the monitoring programs at NFSS for air, surface water and groundwater as 


discussed in this report should be implemented within the next year; 


5. The final downstream portion of the Central Drainage Ditch should be resurveyed and remediated 


as necessary.  The West Ditch should also be remediated. 
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6. Additional specific studies should be undertaken to provide the information required to determine 


whether the critical transport parameter, Kd, as used in the groundwater modeling are actually 


appropriate and if not, a current, scientifically valid method should be used to model radionuclide 


transport in groundwater.  


7. Appropriate funding should be allocated so that the NFSS Baseline Risk assessment report should 


be reviewed by a skilled risk assessor to ensure that the methodology and results are correct. 


8. Evaluation of the environmental data collected at the former LOOW site by multiple parties 


would greatly benefit from coordination of data reporting standards and quality objectives, 


including geographic spatial data. 


9. Additional investigation should be performed at the NFSS to delineate the distribution of 


contaminants (such as uranium in groundwater and the presence of KAPL related waste). 


10. Appropriate funding should be allocated by Congress to USACE for continuing the necessary 


investigations and studies required to complete the remediation of the former LOOW properties 


in a timely manner. 
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1 Introduction 
The Lake Ontario Ordnance Works site (referred to as the “LOOW”) 
site is an area of land 7,500 acres in size, located in the Towns of 
Porter and Lewiston, in Niagara County.  It was acquired by the federal 
government in 1942 as part of World War II and Defense Department 
efforts.  This land has been utilized for a number of projects since 
then. 
 
YEARS PROJECT 
1942-1943 TNT Manufacturing Plant 
1944-1946 Northeast Chemical Warfare Depot 
1944-Present NFSS Radioactive waste storage (Manhattan Project, Atomic Energy 


Commission, Department of Energy) 
1950-1992 U.S. Air Force Plant 38 
1957-1959 U.S. Air Force Plant 68 
1956-1960 Navy Interim Pilot Production Plant 
1953-1971 Boron-10 Production Plant 
1954-1966 NIKE Missile Base NF-03 and NF-05 
1958-1973 Ransomville Test Annex-U.S. Air Force 
1966-Present Youngstown Test Annex-U.S. Air Force 
1979-Present Army National Guard Training Site 
1972-Present Hazardous waste treatment/disposal (Chemtrol,SCA,CWM Chemical 


Servicse) 
1983-Present Modern Corp. Solid waste disposal 
Table 1.1  List of LOOW site activities 
 
 LOOW PROJECT OVERVIEW 
 
The LOOW project has three main objectives: 
 
1.1a:  GIS Data Base:  Identify and compile a relevant radiological and 
geological inventory of samples in the area, throughout the period.  
The result will be one centralized GIS database of spatial information.  
This dataset will be used to identify gaps in the existing data.    
Beyond just a database, the aim of the project was to present this 
information to the public, in an easy to digest format.  This will be in 
the form of a public web mapping interface, to allow the user to 
display sample information via the Internet.. 
 
1.1b:  Gap Analysis:  Using the GIS data, and other information, 
identify areas where data may be lacking, and investigate where this 
may be remedied. 
 
1.1c:  Recommendations:  The report will recommend and promote 
long-term solutions for managing the LOOW site to the maximum level 
of safety. 







 
Ecology & Environemny, Inc. (E&E) was retained by Niagara County in 
January 2007 as the County’s GIS Consultant.   E&E’s charge is to 
provide GIS support to Niagara County on a variety of levels, including 
application design and development, database implementation, GIS 
Steering Committee coordination, and the development of an 
Intermunicipal agreement with Erie County.   One of the major tasks 
of this project was participation in the Community LOOW GIS project. 
 
 
E&E’s work on the LOOW Site project is primarily directed at task 1.1a 
(The GIS Database Development).  To that end, this document will 
primarily focus on those efforts. 


 
 
 


2 DATABASE 
 
One of the main steps in the Community GIS LOOW Project was the 
assembly and inventory of available GIS data, preparation of relevant 
datasets, and the digital capture of some additional datasets that 
currently exist only in PDF format.  This section will summarize what 
datasets, both sample related, and external supporting GIS datasets 
and imagery, were assembled. 
 


2.1 Supporting GIS Vector Datasets 
 
The following is a list of vector based GIS datasets that are used in the 
LOOW GIS mapping website (discussed in more detail in Section 3).  
The infrastructure of the site is such that updates / new layers that 
become available can easily be integrated onto the site. 
 
The Site’s GIS Layers Table of Contents is organized into “Groups”.  
These group folders are an additional way to categorize the layers that 
are available into sections of similar data. 
 
GIS Group GIS Dataset Description Source 
Historical Info Site Drawing Converted CADD 


drawing of old site 
infrastructure 


USACE 


 DOD Areas of 
Concern 


Areas of concern as 
specified by DOD 


USACE 







Site Info 1997 Parcel Owners Area parcel layer as of 
1997 


USACE 


 LOOW Area Boundary of LOOW 
Project Area 


USACE 


Environmental 
Info 


Floodplains 100 and 500 year Flood 
Zones 


US FEMA 


 Land Use/Land Cover Vectorized version of 
National Landuse 
dataset 


US NRCS 


 National Wetland 
Inventory 


Wetland information 
from federal 
government 


US FWS 


 NYS DEC Wetlands Wetland information 
from New York 


New York State DEC 


 NYS DEC Streams Local streams and 
waterways 


New York State DEC 


 Soil Units (SSURGO) Detailed soil regions 
from the SSURGO 
survey 


US NRCS 


General Info Road Names Road name and highway 
shield layer for Niagara 
County Roads 


NY State CSCIC 


 Niagara County 
Roads 


Road Centerlines from 
Niagara County 


NY State CSCIC 


 Ontario Road Names Highway Shields for 
Ontario Roadways 


Natural Resources 
Canada GeoGratis 


 Ontario Roads Ontario Provincial 
Roads 


Natural Resources 
Canada GeoGratis 


 Parcels 2007 (to be updated) 
Niagara County parcels 
with Real Property 
Assessment data 


Niagara County Real 
Property Tax 
Department 


 Town Boundary Niagara County Town 
boundaries 


Niagara County Real 
Property Tax 


 Village Boundary Niagara County Village 
Boundaries 


Niagara County Real 
Property Tax 


 Parks Parks and Recreation 
areas within Niagara 
County 


New York State GIS 
Clearinghouse 


(Not in folder) Ontario Regional 
Municipalities 


Regional Municipality 
boundaries in Ontario 


ESRI 


Table 2.1  Other GIS Database to be utilized for the Community LOOW GIS Project 
 


2.2 Supporting GIS Raster Imagery 
 
The LOOW GIS site also makes use of raster aerial imagery to assist 
users in locating and analyzing points on the site. 
 
The site takes advantage of the latest aerial imagery to be flow as part 
of the New York State Digital Orthophotography Program.  (Online 
link: http://www.nysgis.state.ny.us/gateway/orthoprogram/index.cfm) 



http://www.nysgis.state.ny.us/gateway/orthoprogram/index.cfm





 
These photographs were taken in the Spring of 2005.  The images 
were downloaded from the New York State GIS Clearinghouse site, 
and mosaicked using ERDAS into one color MrSID image, and one 
B&W MrSID image, for maximum speed. 
 
GIS Group GIS Dataset Description Source 
Imagery BW Air Photos (2005) 2 foot Black and White 


air photos in rural areas 
of Niagara County – 
April 2005 


NYS GIS Clearinghouse 


 Color Air Photos 
(2005) 


1 foot Natural Color air 
photos in rural areas of 
Niagara County – April 
2005 


NYS GIS Clearinghouse 


Table 2.2:  


 
 


2.3 GIS Layers Representing Sampling Locations 
 
The layers discussed in Sections 2.1 and 2.2 are background 
supporting GIS information for the Community LOOW GIS website.  
However, the main reason for the site is the display and query of 
sampling locations – providing the project team and the public an easy 
way to browse the location of where these investigations have 
occurred, and what the results were.  These point layers are listed on 
the GIS site in the “Data Locations” sub-folder.  This folder contains a 
layer called “All Sampling Locations”, which is a point feature class 
showing each location that was sampled.   
 
In addition to having one dataset with all sample locations, it became 
evident that it would also be useful to differentiate on the site locations 
that were involved with specific projects and investigations.  These 
layers are in two sub-folders beneath “Data Locations”, that are called 
“Monitoring Locations”, and “Investigation Locations”.  In these folders 
is a layer which depicts the locations where samples from that 
SPECIFIC investigation, and sampling type (“matrix”) were taken.  
These layers are for visual purposes only … querying is done using the 
“All Sampling Locations” layer (this will be described in detail in the 
Functionality Section).  Section 2.X will also summarize the 
investigations that are included on the site. 
 
Data from each report was provided to E&E via Scott King.  E&E then 
integrated this data into our Geodatabase normalized database 







schema.  This procedure was described in the initial LOOW GIS 
Implementation Plan, and will be summarized in this document in 
Section X. 
 


GIS Group GIS Dataset Source 
Data Locations All Sampling Locations E&E developed using source 


data provided by Scott King 
 Sampling Location Names E&E developed using source 


data provided by Scott King 
Data Locations 
> Monitoring 
Locations 


CWM Air Monitoring Stations “ “ 


 CWM Ground Water “ “ 
 Modern Landfill Ground Water “ “ 
 Modern Surface Water “ “ 
 NFSS Annual Ground Water “ “  
 NFSS Annual Sediment “ “ 
 NFSS Annual Surface Water “ “ 
Data Locations 
> Investigation 
Locations 


Bechtel 1983 Soil “ “ 


 Bechtel 1985 Soil “ “ 
 DERP_FUDS Phase 1 Ground 


Water 
“ “ 


 DERP_FUDS Phase 1 Sediment “ “ 
 DERP_FUDS Phase 1 Surface 


Soil 
“ “ 


 DERP_FUDS Phase 1  Surface 
Water 


“ “  


 DERP_FUDS Phase 2 Ground 
Water 


“ “  


 DERP_FUDS Phase 2 Sediment “ “ 
 DERP_FUDS Phase 2 Sludge “ “ 
 DERP_FUDS Phase 2 Subsurface 


Soil 
“ “ 


 DERP_FUDS Phase 2 Surface 
Soil 


“ “ 


 DERP_FUDS Phase 2 Surface 
Water 


“ “ 


 Lewport Schools Surface Soil “ “ 
 NFSS Investigation Ground 


Water 
“ “ 


 NFSS Investigation Sediment “ “ 
 NFSS Investigation Soil “ “ 
 NFSS Investigation Surface 


Water 
“ “ 


 Small Bern Clearing Soil “ “ 


 
 







2.4  Normalized Sampling Database 
 
The Community LOOW GIS data was developed with a normalized database 
structure, to be incorporated into Niagara County’s Enterprise Geodatabase.  
Using a normalized database format ensures the highest quality data 
integrity, reduces data redundancy, and is easiest to update.  Tables stored 
in the LOOW Database are related by common primary foreign keys.  The 
following is a summary of each proposed table, its function, and how it 
relates to other LOOW Project Tables.  
 
All samples are tied to a physical location – the point at which they were 
taken.  This spatial information is found in the “SamplingLocations” dataset, 
a GIS Geodatabase Feature Class.   All samples themselves are stored in the 
‘tblSamples’ SQL Server table, which has nearly half a million samples.  
These two tables are joined by the “LOCID” field.  A variety of additional 
table, summarized below, contain additional information about the samples, 
such as Chemical, Matrix (type of Sample) 
 
 


Table Name Description Key Attributes Relationships Spatial


? 


tblProjectToChe
m 


Relationshi
p Table: 
Projects to 
Chemicals 


Project and Chemical 
Keys 


Many to Many 
relationship 
between 
fcSampleProjects, 
tblParamters 


No 


tblParameter Parameters 
sampled 


Parameter Names, 
Threshold, Units, 
CAS# 


Relationship to 
tblProjectToChem 
(PROTOCHEMID), for 
many to many 
relationship with 
fcSampleProjects … 
related to 
tblSamples by 
CHEMID 


No 


tblSamples Individual 
Samples 


Sample Date, 
Lower/Upper Depth, 
Parameter Value, 
Error, Lab Flag Code 


SamplingLocations 
(LOCID): to sample 
Location Point, 
tblParameter(CHEMI
D): to list of 
Parameters, 
tblParamters, 
tblMatrix 
(MATRIXID): to list of 
Matrix Types, 
tblDataSources(DATA


No 







SOURCEID) to list of 
data sources, 
tblAcceptance(ACCE
PTID): to list of 
acceptance codes, 
tblLabFlag 
(LABFLAGID): to lab 
flag codes 


SampleLocations Sample 
Locations 


Sample Geometry 
(Point), Easting, 
Northing, Sample 
Code 


To tblSamples 
(SAMPLEID) 


Yes 


tblMatrix Matrix 
Types 


Matrix Type and 
Description 


To tblSamples 
(MATRIXID) 


No 


tblDataSources Data Source 
Types 


Data Source Type and 
Description 


To tblSamples (DSID) No 


tblAcceptables Acceptance 
level for 
each 
sample 


Acceptance Code and 
Description 


To tblSamples 
(ACCEPTID) 


No 


tblFlags Lab Flags Lab Flag Code and 
Description 


To tblFlags (FLAGID) No 


ThreshHold Regulatory 
Thresholds 


Chemical, Criteria, 
Threshold 


To tblParamater 
(CHEMID) 


No 


 


2.5 Views and Feature Classes 
 
Information is gathered from the tables mentioned above and displayed on 
the LOOW Community GIS website as one record.  This occurs through the 
use of SQL Stored Procedures, and through the use of prepared feature 
classes, specific to each investigation/monitoring project and sample type 
(matrix).  This section will describe where these procedures were utilized. 
 
Stored Procedures  Microsoft SQL Server Stored Procedures can be used to 
build “SELECT” queries, to retrieve data from a table, or in this case, a group 
of tables.  The SELECT queries combines elements from the tables above to 
present the user with one record, with information from the above tables 
combined.  This method is employed in the following functionality. 
 


• Query Filter Tools 
• Data Identify Tool 
• Data ‘Select Box’ Tool 


 







 
These stored procedures run off a query behind the scenes called 
vw_Parameter_Matrix.  This SQL View brings together related information 
from all the normalized tables into one record. 
 


 
 
 
Standalone Feature Classes.   One of the goals of the site is to provide for 
the user, via a layer, an easy way to see where samples from a particular 
study, using a particular matrix, were taken.  These layers are distinguished 
by monitoring and investigation locations, and are found in the “Data 
Locations” folder. 
 
The original intent was to create these as ArcSDE “Views”.  These are spatial 
datasets that are subsets of the entire dataset of sample locations, filtered by 
a SQL Query.  Initial testing indicated that response time was by far too slow 
for this approach.  In fact, the inclusion of these views would often case the 
website to time out. 
 
As a result, it was necessary to create individual ArcSDE feature classes for 
each combination of matrix and project.  This is much more involved and 
time consuming, but this process also makes the website display much 
faster.  The process to create these views is outlined below. 
 
 The aforementioned views are still created, using ArcSDE and SQL Server.  
We need to still perform this step, building the view, and then exporting it as 
a standalone feature class. 
 


1. Spatially enabled SQL Views (Views that have a “shape” field, so that 
they can store geographic data) were created using the standard 
ArcSDE DOS command.  The shapes are based off the “SAMPLING 
LOCATIONS” dataset, which is the location of each sample that is 
taken. 







 


 
 


2. SQL Server views are created that show only samples that were part 
of that particular project, and that particular type of matrix (soil, 
ground water, etc.) 


 
 
 


 
 
 


3. The views in Step 1 and 2 are then combined.  This gives us a 
“spatially enabled” view, that contains the point locations of samples 
taken from that particular project. This is performed through a SQL 
Inner Join, which restricts the points in the view to only those 
matching the matrix and project criteria. 


 







 
 
 
 
4.  These spatial views can be viewed by ArcGIS ArcCatalog.    They are 
‘ready’, but these are the views that display very slowly in ArcIMS on the 
LOOW GIS site.  So they are exported, using the GIS tools in ArcCatalog, to 
their own separate dataset.  These standalone feature classes are displayed 
on the site much quicker. 
 
 
 


2.6 Projects 
 
This section lists the projects, investigations, and monitoring studies whose 
samples are represented in the Community LOOW Database. 
 


LewPort School Campus soil sampling (2000-2004)  
DERP-FUDs Phase I Remedial Investigation (1999) 
DERP-FUDs Phase II Remedial Investigation (2002)
DERP-FUDs Phase III - Underground Utilities (2006) 


Modern Landfill Groundwater (2002 - 2006) 
NFSS Remedial Investigation (2007)


NYSDEC Sediment PCB Sampling (2006) 
DERP-FUDS Small Bermed Clearing Investigation (2004)


Bechtel Post-Remediation Sampling (1983-84)
Bechtel Post-Remediation Sampling (1985-86)


NFSS Annual Environmental Surveillance (2000-2006)
CWM Groundwater  Monitoring (1995-2005) 


Modern Groundwater Monitoring (2000-2005) 
 
 



http://communityloowproject.com/Reports/DERP-FUDS%20Phase%20II%20Remedial%20Investigation%202002.pdf

http://communityloowproject.com/Reports/NFSS%20Remedial%20Investigation%202007.pdf

http://communityloowproject.com/Reports/DERP-FUDS%20Small%20Bermed%20Clearing%20Investigation%202004.pdf

http://communityloowproject.com/Reports/Bechtel%20Post-Remedial%20Action%201983-84.pdf

http://communityloowproject.com/Reports/Bechtel%20Post-Remedial%20Action%201985-86.pdf

http://communityloowproject.com/Reports/NFSS%20Environmental%20Surveillance.pdf





3 INTERNET MAPPING 
 
This section describes the development and implementation of the 
Community LOOW GIS Mapping Site 
 


3.1 Internet Mapping Introduction 
 
A major component of the Community LOOW GIS Project is the 
requirement to easily disseminate the wealth of sampling information 
to the County’s general public.  The easiest way to readily share this 
information is through an Internet Mapping Website, which can serve 
all of the sampling data, and associated background mapping layers, in 
an internet browser format that does not require GIS software on the 
client side to run.  This section will outline the software that E&E 
proposes to use, the functionality that the site will implement, and the 
process by which the site will be developed. 
 
 


3.2 ArcGIS Server vs. ArcIMS 
 
The intent was to develop the internet mapping site using ESRI’s 
ArcGIS Server 9.2 technology.  The reasoning was that this is the  
latest release of mapping software by ESRI, insuring that the LOOW 
GIS site be developed with the richest suite of functionality, and with 
the new software, also ensure that the site’s architecture will remain in 
current usage for the maximum period of time. 
 
However, problems arose during the implementation.  As a result, it 
was decided to implement this site using the older ESRI ArcIMS 
technology for a few important reasons. 
 


• Speed was the main reason.  The development team was unable 
to get response times that were acceptable using ArcGIS Server.  
There is a large amount of data to be queried on this site 
(almost 500,000 samples), and ArcGIS Server did not handle 
this in a timely fashion.  The large amount of data also tended to 
make the site crash, more than it did for ArcIMS.  The data is 
able to be displayed on ArcIMS in a timely fashion. 


• The best way to increase performance in ArcGIS Server is to 
“cache” layers, build pre-existing maps that can be retrieved and 







displayed quickly.  Because of the dynamic nature of the sample 
data, this was not possible. 


 
In summary, because of reliability and speed issues, the Community 
LOOW GIS Project was implemented using ESRI ArcIMS.  It is the 
intent to implement an ArcGIS Server version of the site when speed 
issues are resolved. 
 


3.3 Physical Infrastructure 
 
The Community LOOW GIS Site will be hosted by the Erie County 
Office of GIS server infrastructure.  This arrangement is being defined 
as per the Intermunicipal Agreement between Erie and Niagara 
Counties for sharing of GIS assets, that is currently being developed.  
Erie County will also host Niagara County’s general ArcGIS Server site 
that is being developed, and also will be host to the SQL Server 
Enterprise Geodatabase that will house all of Niagara County’s 
Enterprise spatial data (including the LOOW GIS).   During an interim 
period, the Community LOOW GIS site has been hosted by Ecology 
and Environment, Inc., the GIS consultant for the project. 
 
For the public’s convenience, an easy URL was chosen for the site’s 
address: 
 
http://www.communityloowproject.com
 
 


3.4 Basic Map Functionality 
 
The ArcIMS Community LOOW site uses basic map functionality 
standard in internet mapping sites. 
 


• Zoom In / Zoom Out 
• Pan 
• Full Extent 
• Last Extent 
• Measurement 
• Change Layer and Group Layer Visibility 
• Print map view 


 



http://www.communityloowproject.com/





3.5 Extended Map Functionality 
 
 
One of the advantages of developing a custom ArcIMS site was the 
addition of functionality and applications specifically tailored to the 
needs of the LOOW GIS User.  This section will detail the proposed 
additional functionality to improve the useability of the site. 
 


a. Layer Filtering Tool.  By default, each layer in the “Samples” 
group will display all samples which monitored for that specific 
parameter.  The site user may often want to filter these 
parameters by specific criteria.  Users can filter based on these 
criteria: 


a. None.  All samples of that parameter will be displayed, 
even if the result is 0 


b. Project.  Specific investigations and monitoring studies. 
c. Matrix.  Type of sample (surface water, soil, etc.) 
d. Parameter:  Type of parameter or chemical. 
e. Ground Water Zone:  Whether the sample is in the upper 


or lower zone 
f. From/To Year:  Year range of samples 
g. Regulatory Standard:  Samples above several regulatory 


standards. 
 


b. Sample Information Tool.  The user can click, using this tool, on 
a sample location on the map, and view a pop-up displaying 
information about each sample at that location, in a sortable 
grid. 


c. Sample Select Box Tool.  The user can drag a box using this tool, 
to view a pop-up displaying information about each sample 
found with that box, in a sortable grid. 


d. Zoom To Scale:  Users can zoom to a specific map scale 
 


3.6 Help 
 
Given the complex nature of the site, a full help system was 
developed, using RoboHelp.  This can be accessed from the site’s 
welcome screen, or from the “Help” button on the GIS site.  Each 
function on the site is discussed in detail. 
 
4  Summary 
 







The Community LOOW GIS Project has successfully provided the public 
an easy way to access an organized repository of the hundreds of 
thousands of samples that have been taken in the LOOW area.  The 
benefits of the project have been many: 


• The inventory of samples taken as part of monitoring sites and 
investigations provides a comprehensive list and summary of the 
detailed chemical study of the area. 


• Organizing all of the samples into one geodatabase provides a 
level of standardization, so that analysis across multiple projects 
can be performed much more easily.  Future projects can also be 
integrated into analysis much more smoothly. 


• The web mapping site allows the public to browse a variety of 
mapping layers on the site, see where samples have been taken, 
and query the results of these samples. 


 
The Community LOOW GIS site has been a developed in a way that 
can be updated and kept current.  A dynamic web mapping site can 
have updated layers and samples loaded into the geodatabase. It is 
our hope that this site is only a beginning – that as new information 
becomes available, the site will continued to be used to inform the 
public in Niagara County. 
 
 
 
 
 


APPENDIX A 
 
The following are screen shots showing some of the key features of the 
Community LOOW GIS Site.  For more detail, please visit the Help 
section on the Community LOOW GIS site. 
 
Introduction.  This is a view of the Community LOOW GIS Mapping Tool. 
 Key sections of the page are identified on this screen shot.  To find more 
detail about that particular section of the Mapping Tool, click on it's topic in 
this help document... 
 







 
 
Main Map.  The main map, which takes up most of the page is where your 
map can be viewed.  In this map, you will be able to view the map layers 
that are visible (checked-on) in the Table of Contents. 
  
Most of the other features on the website interact with the map in different 
ways.  Click on the help for those specific topics to see more information! 
 
 
 







 
 


Table Of Contents.  The Table of Contents lists what layers can be viewed 
on the GIS Map.  It also is where the user controls whether specific layers 
are visible, or not. 
  
Each "Layer" in the Table of Contents represents a GIS Layer, showing a 
distinct set of information . For example, "Roads" is a GIS Layer that is 
shown in the Table of Contents. 
  


 
  
Layers are organized into "Groups".  These Groups present sets of data 
layers in an organized format.  Group names appear just to the right of the 
folder icons.  Pictured below is the group "Geology", and the layers that it 
contains. 
  


 
  
Click on the sub-headings of the "Table Of Contents" help topic for more 
information on how to use the Table of Contents 







Legend.  The legend is used to show the site user what each symbol that is 
visible on the map represents.   Use the legend to determine what layers the 
symbols on the map are coming from. 
  
The legend will appear in the area where the Map Layer of Table of Contents 
is usually located.  To display the legend, click the "LEGEND" button on the 


Toolbar...  
  
  
Here is an example of how the legend might look (This will depend, of 
course, on what layers you have visible) 
 


 
 


Toolbar.  The toolbar is the series of buttons running horizontally across the 
top of the map.  Many of the commands that allow the user to interact with 


the map screen are located on the toolbar.  This section of the help 
document explains the usages of each of these tools.  Choose the subtopics 
beneath the "Toolbar" category for more information.  You can also click on 


tools pictured below to link directly to that help topic. 
 


 







Information Tool.  This tool gives the user a general information screen 
showing database information about each visible feature present where the 
user clicked on the map.  


What this tool displays depends on which is the "Active Layer" 


 


All Sampling Locations is active  


1. Sampling Location Information: If you would like specific and detailed 
information about the samples recorded at the point you clicked, make sure 
that "All Sampling Locations" is the active layer.  With All Sampling Locations 
turned on, and active, click one of the points on the map where sampling 
occurred.  A pop-up sampling results window will appear, with a list of 
samples at that location that are loaded into the LOOW Geodatabase 


   


  


2.  General Layer Information: Having any other map layer active will 
return information about that map layer's attributes at the point you click. 


  


To retrieve information about another map layer, make sure that layer is 
active, then activate the Identify window, and click on a feature of that type 
on your map. 


  







 
 
Query Parameter. The Query Parameter tools allow the user to explore the 
large LOOW Samples dataset, by adding filters to the data, to only view 
samples that match that criteria.  These tools are located  
  
The user can add filter information about 
  


• Investigation  (Project) 
• Sample Type (Soil, Ground Water, etc.) 
• Ground Water Zone (Upper,Lower,Bedrock) 
• Chemical 
• From / To Year (Search by sample year) 
• Regulatory Standard (Search for samples above a standard) 
• View Samples (all over just over threshold) 


  
NOTE:  If you need more room for the Query Parameter Tools, you can drag 
the "frame" larger, click with your left mouse at the top of the 'Query 
Parameters' title (drawn as a red line on the graphic below), and drag the 
menu larger. 
  







 
  


Here, the user has also chosen "SURFACE WATER",  and "1,2-
DICHOLOROBENZENE".  The rest of the filtering parameters are narrowed 


down to fit what the user chose (i.e From and To Year, and Regulatory 
Standard) 


  


 
 







 
 
 
 
 
 
 
 
 
 
 
 
 
 


Appendix C Comments Concerning Air Monitoring. 
 


 C-1







 Radioactive Waste 
Management Associates 


Memo 
To: Scott King 


From: Marvin Resnikoff 


Date: April 27, 2007 


Re: 2003 – 2005 Environmental Surveillance Technical Memoranda 


This memo discusses our review of the 2003, 2004 and 2005 Environmental Surveillance 
Technical Memoranda for the NFSS site.  We discuss the USACE guidelines, the sampling 
methods on NFSS, Groundwater issues, Radon Flux, and general issues. 


Guidelines:  In its survey of the NFSS property, the Army Corps of Engineers (USACE) adopts 
DOE Order 5400.5 requiring total effective radiation doses to be maintained less than 100 
millirems/year (mrems/y).  To calculate this total effective radiation dose1, one determines the 
radiation doses due to ingestion and inhalation of radioactive materials through all pathways 
(incidental ingestion of soil, food, water, inhalation of particulates) plus a direct gamma dose.  
Based on its assumptions, USACE then determines that the likely dose is far less than 100 
mrem/y in 2003, 2004, and 2005.  The 100 mrem/yr is the same standard used by the NRC for 
operating nuclear reactors and facilities.  It is inappropriate for a site like NFSS.  Another 
standard generally applies to decommissioned facilities, 25 mrem/y.  USACE has used the NRC 
regulatory standard, 25 mrem/y, at other facilities it has decommissioned, Maywood and Wayne, 
New Jersey sites.  Since the NFSS site is closed, the 25 mrem/y guideline should apply. 


To calculate a radiation dose to the nearest resident, USACE starts with average radionuclide 
concentrations in soil, including biased samples it has taken in preparation for the Remedial 
Investigation Report due out later this year.  The location of these biased samples and the 
concentrations at each location were not specified.  USACE then determines the fugitive dust 
emissions due to wind erosion from the NFSS site.  This dust emission source, which is really an 
area source, is then located at the center of the NFSS site.  To determine dispersion from this 
point source to the nearest resident, USACE employs the program CAP88-PC, which can only be 
employed for a point source.  CAP88-PC then calculates the radiation dose due to different 
pathways, such as inhalation.  The methodology can best be described as a crude approximation 
to the radiation dose.  Disturbance of soil at NFSS can also occur when people and vehicles 
move on the NFSS site, but that was not included in the USACE analysis.  A more sophisticated 
analysis would take into account area sources and vehicle movement in order to calculate air 
concentrations.  A more fundamental question is whether this is the appropriate analysis for a 
Remedial Investigation for a decommissioned waste storage facility, since the analysis assumes 
a secure, guarded facility for the indefinite future and residents at the periphery.  That 
assumption is not consistent with EPA guidance on risk, where active site management is not to 
be assumed after 100 years.  In other words, for a Remedial Investigation, one should assume a 
future resident or farmer is located on the site and receives a radiation dose due to ingestion of 
water and food grown in a garden, incidental soil ingestion, inhalation of radioactive dust particles 
and direct gamma. 


                                                 
1  The total effective dose is a sum of the weighted radiation dose to all organs.  The total effective dose is a 
sum of the committed dose to all organs due to ingestion and inhalation of radioactive particles plus the 
direct gamma dose.  By “committed dose” we mean the total dose over a 50-year period due to the intake of 
radioactive particles.   







USACE also has specific standards for specific media and for specific radionuclides.  Order 
5400.5 also has a radium-226 guideline of 5 pCi/g for the top 15 cm of soil and 15 pCi/g below 15 
cm.  USACE and the EPA have applied this standard to many sites across the country.  If the 
situation is such that contaminated land will be disturbed so that the soil below 15 cm is brought 
to the surface, the 5 pCi/g guideline should apply.  Such disturbance has occurred in Vicinity 
Property E2 in which there are several sections that have been disturbed due to burial or 
excavation of storage tanks and new developments on the property by the new owner, SCA; 
much of the original land surface has been disturbed. 


USACE follows the drinking water standard guidelines set by EPA (40CFR141.66(b) and (e)).  
The standard is 5 pCi/L for combined Ra-226 and Ra-228 and 30 µg/L for total uranium; these 
guidelines apply to public drinking water supplies, but serve here as a reference for 
concentrations found on the NFSS site.  In 2004 some of the surface water samples had 
elevated levels of Ra-226, total Uranium, and Th-230.  USACE attributed this elevation to 
turbidity; this argument may have some merit since the samples were unfiltered and the local soil 
had elevated radioactivity levels.  That is, the turbidity argument supports the proposition that the 
soil has elevated radioactive concentrations. 


In 2003, 2004, and 2005 there was some radiation picked up from surface water on the NFSS 
site.  In 2003 the entrance concentration was 0.45 pCi/L and the exit concentration was 0.68 
pCi/L of Ra-226.  In 2004 the Ra-226 measurement at SWSD021 at the entrance to the site was 
0.32 pCi/L, while the measurement at the exit of the site, SWSD011 was 0.493 pCi/L.  This is 
also evidenced in the 2005 report where the entrance measurement at SWSD021 was 0.08 pCi/L 
and the exit measurement at SWSD011 was 0.330 pCi/L (duplicate is 0.380 pCi/L) of Ra-226; 
this shows that the Central Drainage Ditch (CDD) picked up radioactivity on the NFSS property.  
Analysis of vicinity properties through which the drainage ditch flows may also show an increase 
in concentrations near the CDD upon exiting those properties as compared to the concentrations 
when entering the property.    


 


NFSS Sampling: USACE monitors direct gamma with TLD chips that are collected every six 
months.  Over time these chips accumulate gamma energy and the total accumulated energy is 
read at a lab by the light emitted from the chip.  This is a standard method for determining the 
gamma energy absorbed.  The measured TLD monitoring results were not high. 


Both water and sediment are being sampled at 5 locations at the NFSS site, 2 upstream, 2 along 
the Central Drainage Ditch, and 1 downstream.  One of the upstream locations, SWSD009, is 
chosen as a background (see attached figure), however, it is questionable whether or not that 
should be counted as background.  Using that as a background may have accounted for negative 
numbers when subtracting SWSD009 ‘background’ concentration from other concentrations.  In 
the 2003 report USACE mentions ‘biased’ wells that are located at places where the soil 
concentrations were high; USACE decided not to monitor these wells in 2003, but apparently did 
so in subsequent years.  These elevated concentrations were used in the source term 
development calculations3, but USACE has not shown the locations of these biased wells. 


Instead of monitoring airborne particles, particulates in air were estimated entirely by modeling.  
As mentioned above, such practice is acceptable if there is no human activity occurring at the 
NFSS site, but the methodology is wrong, as discussed above.  Using soil data and 
meteorological conditions, USACE developed a soil erosion formula to determine particulate 
concentrations in air.  An air dispersion model, CAP88PC was used to determine the particulate 
air concentrations at the site fence line.  Using such a complex way to sample for air 
concentrations instead of sampling directly is unsatisfactory; such an approach allows for large 


                                                 
2 Berger, J.D., Comprehensive Radiological Survey: Off-Site Property E’, Lewiston, NY, September 1983. 
3 Source term development calculations determine what should be remediated; 2003, 2004, and 2005 
calculations do not consider humans living on the property; radionuclide concentrations in 2004 & 2005 differ 
from those in 2003; this is assumed to be true because 2004 and 2005 include biased numbers, whereas 
the concentrations in 2003 do not include biased numbers 







errors in the final concentrations.  USACE could use high volume air samplers, which draw air in 
through a filter that captures particulates.  The filters could be measured at a laboratory.  Such a 
method should be set up as soon as possible so that a ‘background’ can be established before 
any work is done on NFSS or vicinity properties 


Groundwater: USACE states in the 2005 report that the upward vertical gradients of the water 
bearing zones work to impede downward migration of contaminants into the lower zone that 
would come from potential contaminant sources in the upper zone.  Hence, their claim is that 
there would be less of a need to have annual testing of the groundwater in the lower zone.  
However, if the drinking water standards are to apply to these groundwater concentrations both 
zones should be tested, especially if there may be future inhabitants of the site who would tap 
into the lower zone groundwater.  


In 2005 the total dissolved solids (TDS) of sulfate and sodium in the groundwater exceeded the 
NYSDEC groundwater quality standards.  TDS results in all the wells, including the background 
wells, frequently exceeding NYSDEC standards.  Sodium concentrations ranged from 43.6mg/L 
to 78.5mg/L, which exceed the groundwater quality standard of 20mg/L.  Concentrations of 
radionuclides in groundwater also exceeded drinking water standards.  Two wells had an excess 
of total Uranium concentration levels.  In well OW04B, located on the northwest side of the waste 
contaminant structure, the concentration was 40.1 pCi/L; in well A45, located on the northeast 
side of the waste contaminant structure, the concentration was 27.33 pCi/L.  Both were over the 
standard concentration for drinking water, which is 30µg/L (27 pCi/L), specified in 40 CFR part 
141.66.  These two wells have exceed the standard drinking water standards in the past; in 2003 
well OW04B had a concentration of 51.56 pCi/L and in 2004 the same well had a concentration 
of 44.78 pCi/L.  Well A45 had a concentration of 29.10 pCi/L in 2003 and, in 2004, well A45 did 
not exceed the standard concentration but had a concentration of 26.51 pCi/L, which is just 
below the standard of 27.33 pCi/l.  These results show that there has been a decreasing trend in 
well OW04B but the results are inconclusive about the Uranium concentration in well A45.  
Analytical results for all other radionuclides were either non-detectable or well below the 
standards.   


Radon: Radon flux is an important indicator of whether a structure is punctured or torn.  In 2005 
the average flux was 0.029 pCi/m2/s.  This is considerably less than the flux in 2004 of 0.066 
pCi/m2/s and the flux in 2003 of 0.080 pCi/m2/s, indicating that the structure has not been 
punctured.  The EPA standard for radon flux is 20pCi/m2/s, specified in 40 CFR part 192.02. 


 


General: Surface water and sediment concentrations of radionuclides were consistent with 
historical analytical results and were usually non-detectable or indistinguishable from background 
concentrations according to the 2003, 2004, and 2005 NFSS reports. 


 







 







Air Quality Monitoring Review 
Former Lake Ontario Ordinance Works Site 


October 2005, Revised September 2008 
Prepared by: Dr. Sherri A. Mason, SUNY- Fredonia, Department of Chemistry 


 
1. Introduction 


 In response to community concerns about potential health risks from prior or current 


operations occurring on the former property of the Lake Ontario Ordinance Works (LOOW) site, 


the Niagara County Health Department created ‘The Community LOOW Project.’ The charge 


given to this project is to independently assess, on a site-wide basis, existing environmental 


monitoring efforts being employed by various agencies that are currently responsible for former 


LOOW site property.  The purpose of this memorandum is to review and analyze current air 


monitoring efforts with regard to their ability to accurately assess potential human health risks. 


Reviews of other environmental monitoring efforts, such as ground water surveillance, are 


covered under separate evaluations. 


2. History 


 During World War II the army purchased 7,567 acres of land, which is currently 


overlapped by the towns of Lewiston and Porter, upon which was built the Lake Ontario 


Ordinance Works (LOOW), a TNT factory. After nine months of operation the plant was shut 


down, reportedly due to overcapacity. The property was then used to store radioactive waste 


from the Manhattan Project (some within a concrete water tower, some buried, and some was 


simply disposed of directly upon the ground). After the war more than half of the property was 


sold to private owners, while the remaining continued to be used as a dumping ground for 


radioactive materials. In addition to TNT production, a variety of other Defense-related chemical 


operations took place on the LOOW site from WWII through the 1970’s.  During the 1950’s 


mixed fission products as well as segregated plutonium were shipped to the LOOW site from the 


Knolls Atomic Power Laboratory in Schenectady, NY.  Some of this waste was burned in an 


open area on the LOOW. Containers were known to have been badly damaged while stored on 


the surface.  Remains of animals injected with plutonium from experiments at the University of 


Rochester (1940’s-50’s) were also shipped to the LOOW site.  Some of the fission products and 


plutonium were shipped offsite (Oak Ridge), but records are incomplete. 


In 1966, hundreds of acres of the land, still owned by the army, were sold to various 


businesses. Currently, the Lew-Port schools and several businesses, including: CWM Chemical 
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Services, LLC, the Niagara Falls Storage Site (NFSS), and Modern Landfill and Recycling, are 


housed on the former LOOW site property. 


 Of particular interest in regard to current air quality issues in the Lew-Port area are the 


NFSS and CWM industrial waste sites. NFSS is a 191-acre nuclear waste storage facility, which 


currently houses ~25,000 cubic yards of radioactive residue, including: Radium-226, and various 


Thorium and Uranium isotopes. In addition, there is ~235,000 cubic yards of less radioactive 


material. These residues and wastes are the process by-products of uranium extraction from 


pitchblende (uranium ore). The residues originated at other sites and were transferred to the 


LOOW site for storage in buildings and onsite pits and surface piles beginning in 1944. Since 


1971, activities at the LOOW site have been confined to residue and waste storage and 


remediation. There have been several attempts to consolidate radioactive waste on the LOOW 


site on the NFSS. In the early 1980’s a large silo containing high-activity radium-226 was 


dismantled with contents moved to a temporary underground storage facility on the NFSS where 


it remains today. Other contaminated soils and debris are also housed in this area. All onsite and 


offsite areas with residual radioactivity have undergone several remediation attempts between 


1955 and 1992. Materials generated during remedial actions are encapsulated in a 9.9 acre waste 


containment structure (WCS), which was designed to provide interim storage of the material. 


The U.S. Army Corps of Engineers (USACE) is currently in charge of its environmental 


monitoring.  


Also housed on the former LOOW property, CWM is a fully-operational 710-acre 


Treatment, Storage, and Disposal Facility (TSDF), including a currently active hazardous waste 


landfill (with mounds up to 110 feet tall), which accepts waste from more than 2,000 customers 


and has a permit limit of 425,000 tons per year. 


3. Current Air Quality Monitoring Activities 


 Based upon the history of the LOOW site the most serious concern with regard to 


environmental impact, in general, and air quality monitoring, as specifically focused upon herein, 


is radiological material. Nevertheless, owing to the nature of CWM’s business there are 


additional concerns with regard to the release of air toxics.  


While USACE is currently in charged of remediation on the NFSS site, based upon 


historical record it is extremely likely that chemical and radiological contamination extends 


beyond the NFSS site onto land currently under use by CWM. A 1972 NYS Health Department 
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Order restricted the movement of soil on CWM property, though the 1974 amendment of the 


order allowed for such movement given Department of Health’s (DOH) approval. CWM 


requested that the order be vacated in 2004, but owing to concerns about the adequacy of the 


prior remediation performed on the site, the Department of Conservation (DEC), with DOH 


concurrence, included a condition in CWM’s permit (August 2005) requiring radiation scanning 


be performed during all site excavations. With such activities there is a heightened probability 


(as compared to leaving the site dormant and allowing for secondary succession) of chemically 


or radioactively contaminated particulate matter becoming airborne even within the confines of 


CWM’s Fugitive Dust Control Plan.  


The purpose of this memorandum is to review and analyze current air monitoring efforts 


being conducted by CWM and NFSS with regard to basic scientific principles including: 


adequacy and location of necessary equipment, monitoring methods employed, and validity of 


data analysis techniques. We begin by reviewing current activities occurring at both sites. 


     3.1. CWM 


 CWM currently has 6 air monitoring locations, one of which, based upon a prevailing 


southwesterly wind direction, is classified (by CWM) as being upwind, with the remaining 5 


locations being classified (by CWM) as downwind, of the waste management facility. Each air 


monitoring station is equipped with a high volume PM10 air sampler. Particulate matter with 


diameters less than or equal to 10 micrometers (PM10) is collected over a 24-hour sampling 


period every 6 days on glass fiber filters. Following standard protocol the mass concentration of 


PM10 (in μg/cm3) is obtained from each sample at every monitoring location. The influence of 


CWM site activities upon PM mass concentration could be determined by subtracting 


background or upwind values from those concentrations measured at downwind locations. 


The CWM radiation environmental monitoring plan (approved on 8/24/07) calls for the 


aggregation of PM10 filters for one typically dry month (e.g., July 2005), segregated according 


to the air monitoring site location, to be further analyzed for radiological content by an 


independent laboratory. The specific elemental and isotopic species to be monitored are: 


Uranium (234, 235, and 238), Thorium (228, 230, and 232), and Radium-226. 


Though not currently active it is also important to note that CWM has in the past 


maintained an atmospheric monitoring program for {years as noted}: Volatile Organic 


Compounds (VOCs) {1984-2000}; Polychlorinated Bi-Phenyls (PCBs) {1987-1996}; Semi-
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Volatile Organic Compounds (SVOCs) {1991-1992}; a special evaluation for 10 metals {1991}; 


and real-time VOC monitoring of an active landfill {1990-1994}. Based upon the species being 


evaluated it is presumed that: the VOC monitoring occurred within gaseous samples, the PCB 


and SVOC studies entailed determination of quantities within both gaseous and particulate 


matter samples, and that particulate matter samples were analyzed for their metal composition. 


These past air monitoring programs, with the exception of PM10, have been suspended as the 


data obtained did not demonstrate that CWM was a significant source for those compounds being 


evaluated due, in part, to elevated regional ambient concentrations. 


     3.2. NFSS 


 At the NFSS, USACE air monitoring efforts are focused upon external gamma radiation, 


radon gas concentrations and radon-222 gas flux. In addition to these measurements, dose rates 


for external gamma radiation and airborne particulates are calculated. Both the measurement 


methodology and the basis for the calculations will be reviewed herein. 


 Cumulative external gamma radiation is measured at fence-line locations, as well as 


perimeter locations of the WCS, through thermoluminescent dosimeters over a period of ~6 


months. Measured values are corrected to a period of one year, less background values (taken 


from similar measurements taken at the Lew-Port schools). These corrected data are used to 


calculate effective dose rates as a function of the measured site fence-line dose, a theoretical 


distance from the fence-line, and a theoretical time of exposure. The latter two variables are 


approximated for two distinctly separated scenarios, that of an average worker and that of an 


average resident. For these calculations corrected values that are less than zero (owing to a 


higher measured “background” level than that obtained at fence-line) are retained as negative 


values. 


 As with the cumulative external gamma radiation, radon gas measurements at NFSS 


occur at fence-line locations, as well as perimeter locations of the WCS. The Lew-Port schools 


are used for obtaining background levels. Passive measurements are obtained through the use of 


Radtrak® canister detectors, which are designed to collect alpha particle emissions of both 


isotopes of Radon (220 and 222), integrated over the period of exposure (~ 6 months). After 


sampling, Radtrak® canisters are returned to the parent company for analysis and radon gas 


concentrations are determined from the alpha particle exposure. 
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 Radon-222 flux is measured once, annually, using activated charcoal canisters placed 


along a 15-m grid across the surface of the WCS for a 24-hr exposure period. 


 To determine the dose from airborne particulates potentially released from NFSS during 


2003, airborne particulate release rates were calculated using historical data for site soil 


contamination and weather data from the National Weather Service. (Contributions from radon 


gas, which is not a particulate, are not considered in this calculation.) The total airborne 


particulate release rate is then entered into the USEPA’s CAP88-PC (version 2.0) computer 


model to calculate (1) an individual particulate dose and (2) the collective dose to a population 


within 80 km. 


4. Air Quality Monitoring Issues 


     4.1. CWM 


 From a purely scientific standpoint the issues that arise with regard to current air quality 


monitoring efforts occurring on the CWM site can be summarized into three main points.  


 4.1.1. Air Monitor Locations 


Firstly, while current air monitoring (PM10) equipment sites were chosen based upon 


legal standards, owing to the prevailing wind directions, as well as the size and shape of the 


CWM property and the number of emission points, the number and locations of the air 


monitoring sites needs to be re-evaluated (which as of the revision date of this review is currently 


underway). This re-evaluation is being recommended based upon the fact that there are 25 


emission points on the CWM property, but only 6 monitoring stations, as well as the need to 


specify upwind and downwind monitor locations in order to determine the impact of CWM on 


the local air quality. While it is questionable to refer to air monitoring equipment located on 


former LOOW property as “background” with regard to chemical analysis (owing to the possible 


soil contamination), it would be acceptable in terms of a simple mass quantity of particulate 


matter being released owing to CWM activities. However, having only one air monitoring site, 


which based upon any given wind direction, can be labeled as “background” does not adequately 


account for possible abnormalities in air sampling. This would not only affect particulate matter 


sampling, but also the previous compositional data (i.e., VOCs, PCBs, etc.) even in the absence 


of the above mentioned issue with regard to the sampler being located on former LOOW 


property. Without an adequate “background” or “upwind” value, the impact of CWM activities 


cannot be properly evaluated. In line with this idea, in reporting their data CWM should clearly 
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indicate whether each air monitoring site would be/was considered an upwind or downwind 


location for the particular meteorological conditions present during the particular sampling 


period.  


4.1.2. Particulate Matter Sampling and Analysis 


While CWM is only required to collect and report on total PM10 mass, based upon 


human health concerns this review calls for additional sampling and analysis. From the outset 


PM10 mass would seem to be the most directly linked concern to CWM activities given the 


influx and movement of soil and debris that is the nature of their business (the majority of the 


waste they receive is soil and debris from remediation projects). However, in light of the 


chemical composition of much of that material (hazardous waste), additional considerations need 


to be taken. Given the ability of hazardous air pollutants (HAPs) to lead to secondary organic 


aerosol (SOA) formation, along with the growing awareness as to the greater human health 


impacts of fine particulate matter as compared to coarser air particles, monitoring of PM2.5 levels 


is warranted. Furthermore, given the nature of the waste for which they are responsible, as well 


as the history of the site as former LOOW property, all particulate matter samples should 


undergo both chemical and radiological analysis. 


4.1.3. Gaseous Sampling and Analysis 


Over a 16 year period (1984-2000) CWM was involved in a number of air monitoring 


efforts, some of which involved evaluation of gaseous compounds (most notable VOCs and 


SVOCs). These programs were suspended as the data obtained therein seemed to indicate that 


CWM was not a significant source of measured atmospheric pollutants. When evaluating the 


impact of CWM upon local air quality the location of “background” air samplers is extremely 


important. Given the questionable location of current “background” air samplers being located 


on former LOOW property, as well as the above mentioned need for the re-evaluation of the 


numbers and locations of air sampling equipment, this review calls for the need to re-visit 


sampling of gaseous emissions upon CWM property. The starting point for this re-evaluation is 


the need for “background” air samplers which are removed from the former LOOW site as the 


previous studies noted unusually high ambient concentrations, which would, thus, lower the 


apparent impact of CWM activities. Furthermore, while current Toxic Release Inventory (TRI) 


regulations do not require additional monitoring in order to submit the required emission 
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estimates, monitoring data is preferred and is more reliable than current, somewhat questionable 


estimation methods. 


     4.2. NFSS 


 With regard to air monitoring efforts on the NFSS site of the former LOOW property a 


number of significant issues exist. Firstly, for the calculation of both external gamma radiation 


and radon gas concentrations a monitoring site located at the Lew-Port schools is being used for 


“background” levels. As the Lew-Port schools are located on property that was once part of the 


LOOW site the use of this location for “background” levels is simply not appropriate. This point 


is further exemplified by following the mathematical operations entailed within the data analysis. 


On numerous occasions “background” levels are higher than those measured at/on the NFSS site 


(leading to negative values for the “corrected data”). This issue is very likely to be owing to the 


choice of the Lew-Port schools for background values. Even further, negative values obtained 


within the corrected data (i.e., measured values less background values) are so retained in the 


calculation of external gamma radiation dose rates, in effect, lowering those values. There is no 


sound, logical, mathematical reasoning for manipulating the data in this way. Thus, based upon 


these first two points, this review calls for a re-evaluation of the location of the “background” 


monitor, as well as the mathematical manipulations within the calculations of gamma radiation 


dose rates.  


This review, furthermore, calls for a re-evaluation of monitoring equipment being 


employed, as well as an increase in the overall monitoring efforts. Owing to human health 


concerns, USACE should evaluate the accuracy and detention limits of the Radtrak® canister 


detectors as compared to other methods and make such an evaluation available to the public. 


Additionally, owing to possible sampling artifacts, seasonal variability, and/or possible public 


impact, radon flux should be monitored multiple times throughout the year. Similarly, rather than 


calculating, using somewhat questionable methods, possible airborne particulate doses this 


review calls for the monitoring of, at least, PM10 mass concentration. 


5. Conclusions 


 Current air quality monitoring efforts occurring on the former LOOW site are minimal. 


Analysis of obtained air samples are based upon dated procedures and, in general, cannot 


accurately account for potential human health risks. Both CWM and USACE present data and 
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analytical procedures in public forums which are intended to skew perceptions in their favor. At 


the minimum this review calls for: 


• A re-evaluation in the number and locations of current air monitoring (PM) stations on 


CWM property; 


• The need for PM monitoring stations at NFSS; 


• A re-evaluation in the particular analytical equipment being employed; 


• A re-evaluation of ‘background’ air sampling locations (these should be located at sites 


off of the former LOOW property); 


• The need for chemical, as well as radiological, analysis of collected PM samples; 


• And, a re-evaluation of mathematical procedures used to calculate community dose 


exposures (NFSS). 


These nominal modifications to the current air monitoring programs occurring on the former 


LOOW site are primarily focused upon releases and exposures to particulate matter. Further 


attention with regard to air quality monitoring should also be paid to possible gaseous emissions, 


such as PCBs, Dioxins, and other volatile and semi-volatile organic pollutants, especially in 


regard to on-going hazardous waste disposal occurring on the CWM property. 
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LOOW-- Review of Reports and Remedial 
Investigations/Site Characterizations 


 
Ronald J. Scrudato, Ph.D. 
 
August 2007, Revised February 26, 2008                                                                                         
 
 
1.0  Introduction 
 
The Lake Ontario Ordnance Works (LOOW) is an approximate 7500 acre site located in 
northwestern New York State near the junction of the Niagara River and Lake Ontario. In the 
early 1940s, approximately 2500 of the original 7500 acres were used to produce TNT.  
During the subsequent 65 years, the LOOW properties have been used by the Department of 
Defense (DoD) and private corporations for the development of high energy fuels (HEF), 
propellants, chemical warfare development, storage of radioactive materials, boron 
production, siting of missile silos and more recently, for military training and the treatment 
and containment of solid and hazardous wastes.  
 
Although TNT production lasted about nine months, the LOOW property was significantly 
modified to support the earliest DoD operations. Initial DoD modifications of the LOOW 
properties related to the TNT production included construction of manufacturing facilities 
and support infrastructure including buildings, roads, electrical generating stations, storage 
facilities for raw materials and product, transportation corridors,  storm water and waste 
material management and disposal including construction of a waste water treatment plant 
(WWTP) and a network of interconnected ditches that conveyed storm and waste water to 
three area creeks.  These ditches connected to Four Mile, Six Mile and Twelve Mile Creeks 
that discharge to Lake Ontario.  
 
Currently, the northern region of the original LOOW property is used for week-end military 
training. Additionally, the Niagara Falls Storage Site (NFSS) is a 191 acre interim storage 
facility for radioactive materials consolidated from various locations within the LOOW 
properties. Segments of the excessed  properties of the original LOOW properties are 
currently used for the treatment and containment of solid and hazardous wastes. 
 
The Defense Environmental Restoration Program (DERP) authorized the U.S. Army Corps 
of Engineers to investigate and remediate formerly used defense sites (FUDS) consistent with 
requirements of the Comprehensive Environmental Response, Compensation, and Liability 
Act of 1980 (CERCLA). Congress amended CERCLA in 1986 with the Superfund 
Amendments and Reauthorization Act and established DERP. Formerly used defense sites 
include properties previously owned, leased, possessed or operated by the U. S. Department 
of Defense (DoD).  Located throughout the United States and six U.S. territories, these sites 
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“may contain hazardous, toxic and radioactive wastes in the soil and water or in containers. 
“Such wastes can contribute to mortality and serious illness, or pose a threat to the 
environment (U.S. GAO, 2001).” 
  
The USACE identified 9,171 properties for possible inclusion in the FUDS cleanup program.  
Most FUDS properties consist of multiple contaminated areas, sometimes 30 or more within 
the larger site, that require investigation and cleanup.  Of the approximate 9,171 FUDS 
properties, about 2,743 have been identified by the COE as eligible for “responsive action” 
(U.S. GAO, 2001). Congress appropriated an average of $238 million per year within the 
DoD budget during fiscal years 1997-2001 for cleanup of formerly used defense sites. 
Funding amounted to $266 in 2005 and $256 million in 2006.  It is estimated (USACE) that 
it will cost at least 15-20 billion dollars to remediate the remaining contaminated FUD sites 
identified as eligible for cleanup (U.S. GAO, 2003). At the current funding, it will require at 
least 80-90 years to remediate the inventory of sites requiring remedial action.  
 
When considering remedial options at FUDS, cost is an integral part of the assessment and 
final decision (Record of Decision or Final Plan) process made by the USACE.  At the 
current funding level, the FUDS program remedial objectives are significantly affected by 
budgetary constraints often resulting in remedial decisions that fall far short of site 
“cleanup”.  
 
Although the term cleanup is commonly used when describing the remediation of 
contaminated sites, few, if any FUDS will ever be cleaned up.  Cleaned up is but one form of 
remediation and is invariably the most expensive. Cleanup implies all contaminants will be 
removed or destroyed to pre-impacted conditions. The vast majority of impacted sites will 
not be “cleaned up”. Most FUDS will be remediated using the budgetary constraints within 
the current under funded FUDS budget.  The limited FUDS budget results in the selection of 
less expensive remedial options including: No Further Action (NFA), Natural Attenuation 
(NA), Institutional Controls (ICs) and other less costly remedial alternatives. The remedial 
alternatives selected for most impacted military sites are, therefore, severely constrained by 
the FUDS budget and result in the selection of inadequate measures to effectively protect 
human health and the environment.   


2.0  Documents Reviewed 
 
In preparation of this report, the following documents (reports, slide materials, PowerPoint 
presentations, photos) were reviewed.  Additional reference material is also included in the 
following comments and are referenced in the text as “Additional References Cited”, Table 
1a. 
 
FUSRAP NFSS, Env. Surv. Tech Mem. 2005 
FUSRAP  NFSS Env. Surv. Tech. Mem. 2003 
RI @ NFSS PowerPoint 6/2003 
Report of Results for Phase ll RI at LOOW, Niagara Co. NY Vol. 1 of 3, 2002 
DOD & DOE LOOW Site Highlights 
LOOW Phases I and Phase ll RIs 
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Report of Results for Phase 1 RI at LOOW July 1999 
History Search Report, LOOW, Niagara Co.NY USACE, EA Eng. Sci.& Technology. 
August, 1998 
Work Plan for Phase I RI for the LOOW, Niagara County, NY August 1998. 
PCB Surface Soil and Surface Water Drainage Course Investigation, CWM,   
Chemical Services, Inc., Model City, NY, 1990. 
 
Table 1.a. Additional References Cited  
 
Chiarenzelli, J., Pagano, J., Milligan, M., Hopke, P., Holsen, T., Scrudato, R., 2001. 
Enhanced airborne PCB concentrations and chlorination downwind of Lake Ontario. Env. 
Sci. Tech. 35, 3280-3286.  
 
Chiarenzelli, J., Scrudato, R., Bush, B., Bushart, S., Carpenter, D.O., 1998.  Do large-scale 
remedial dredging events have the potential to release significant amounts of semi-volatile 
compounds to the atmosphere? (commentary)  Environmental Health Perspectives 106, 47-
49. 
 
Hermanson, Mark, H. and Glenn W. Johnson,; Polychlorinated biphenyls in tree bark near a 
former manufacturing plant in Anniston, Alabama, Chemosphere, 2006.11.068)  
 
Thomas W. Clarkson, Bernard Weiss, Christopher Cox,1983 Public Health Consequences of 
Heavy metals in dump sites, Environmental Health Perspectives, Vol. 48, Feb., pp. 113-127. 
 
U. S. General Accounting Office, 2001, Environmental Contamination: Cleanup Actions at 
Formerly Used Defense Sites, GAO-01-557. 
 
U.S. General Accounting Office, 2003, Environmental Contamination: Department of Defense 
(DOD) GAO-03-146. 
 
USGS, October, 2002, Mercury in the Environment, Fact Sheet 146-00.. 
 
 Former Uses of the LOOW Properties 
 
 
(Table 1 summarizes the use of the LOOW properties during the past approximate 65 years.  
This summary is excerpted from the summary slide entitled “DOD and DOE Related 
Highlights of the LOOW Site”). 
 
Table 1. Uses of the LOOW properties from 1942 to present. 
 
1942.  The 7453 acre LOOW property acquired by the War Department. 
 
1942-1943. TNT plant on 2,500 acres.  Operated for 9 months, the nitration area of the 
plant became heavily contaminated with TNT residues. (now CWM Chemical Services 
LLC, or referred to as CWM) 
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1944-5.  5,000 acres excessed by DoD. 
 
1944.  Manhattan Engineering District (“MED”) took control of 25 acres of the LOOW 
site and began storing radioactive sludge from uranium ore processing (at Linde, 
Tonawanda) put in a concrete reservoir at the LOOW water treatment plant (now part 
of the federally-owned 191-acre Niagara Falls Storage Site known as the “NFSS.”) 
 
1944-1946.  Northeast Chemical Warfare Depot was used for the temporary storage of 
incendiary bombs and chemical warfare products. This area included the “igloo area” north 
of Balmer Rd. (now National Guard) and extended south of Balmer Rd., as far as H Street 
(now CWM property.) In a 1979 report, DOD claimed to have found no evidence of waste 
disposal activities on the LOOW site that were associated with the Northeast Chemical 
Warfare Depot.  However, the report did not explain the discovery in 1970 of empty chemical 
warfare gas (phosgene) cylinders buried on the LOOW properties.  
 
1948  Atomic Energy Commission (“AEC,”) as successor to MED, indicated storage of 
radioactive materials at LOOW has contaminated the water reservoir and surrounding 
area to such a degree that it is impractical and uneconomical to restore it to its original 
condition.  AEC takes charge of 1,517 acres of the LOOW south of Balmer Rd., thereby 
avoiding the regulatory requirement for decontamination of that area.  AEC 
correspondence to Lew-Port Central School District says they, “know of no reason” not 
to construct schools on current property. 
 
1948 – 1955.  Atomic Energy Commission Expansion – 1,517 acres South of Balmer Rd. 
The Atomic Energy Commission radically expanded operations.  The LOOW site 
became a principal repository for Manhattan Project waste for the Eastern U.S. as well 
as for nuclear reprocessing waste from a GE pilot nuclear reprocessing plant at 
Schenectady.  Some radioactive waste was buried, but much was left on the surface. 
Rochester Burial Site:  Remains of animals and laboratory waste used in the Rochester 
University animal experimentation program, where animals were injected with a 
variety of radioactive materials, including plutonium, were buried (1951) at the LOOW 
site, now CWM property. 
Reportedly, radiologic wastes were forwarded by the University of Rochester to the 
LOOW property as early as the 1940s although there are no records where these wastes 
were buried. 
Knolls Atomic Power Laboratory (KAPL):  Nuclear reprocessing waste from the Navy’s 
reactor program at Schenectady, NY was stored at the LOOW and led to Cesium 137 
contamination on the LOOW site.  Segregated Plutonium was also shipped to areas now 
owned by CWM, NFSS and former LOOW WWTP (now Town of Lewiston property.) 
Burial Grounds on Vicinity Property E’ (now CWM property) 
Castle Garden Dump:  Radioactive scrap and waste from many locations, including 
demolition waste from the Linde site in Tonawanda, NY (former Vicinity Property G, 
now on CWM property.) 
 
1950-1992.  Air Force Plant 38, also known as the Bell Test Center. Air Force Plant 38 was 
located north of Balmer Rd. in the “igloo area” and operated from 1952 to 1982. 
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Plant 38 occupied all of the area north of Balmer Rd., approximately 860 acres, to carry out a 
variety of operations including RASCAL missile development and production and propellant 
handling, testing and hot firing of rocket propulsion systems.   
1979, the principal use of the facility was to provide production support for the Minuteman 
III Propulsion System rocket Engine. 
Jan., 1979 AFP 38 was reduced in area to approximately 530 acres with the transfer of the 
western section of the property to US Dept of Army. This western portion became known as 
the Army National Guard Week- end Training Site (WETS) property. 
1992,  US Air Force transferred the remaining 530 acres (eastern section) to the U.S. Army 
for expansion of the WETS. 
1985, 3.4 acres containing a water tower were conveyed to the Town of Porter. 
 
1953-1971.  Boron-10 Production Plant (at Building 401 – former LOOW Steam Plant) 
operated isotope separation plant for production of boron-10, used as a neutron 
absorber in nuclear reactors.  The Plant was placed in stand-by condition in 1958; it 
was reactivated in 1964 and operated by Nuclear Materials Inc. until 1971.  It is 
currently located on the NFSS. 
 
1954-1955. (1,517 acres South of Balmer Rd.) 
 
Atomic Energy Commission attempted to clean up and consolidate radioactive 
contamination to accommodate the Boron-10 plant start-up and proposed site development 
by the U.S. Navy.  A large amount of radon-producing Radium 226 was stored in an open-
topped silo (until 1985.)  “Decontamination” involved covering over burials to reduce 
exposure to workers and manually picking up radioactive scrap from the surface.  Burials of 
radioactive materials were charted for the first time.  (Hooker Chemical conducted the clean 
up under the direction of AEC) 
 
1954-1966. NIKE Missile Base NF-03 and NF-05 310 acres immediately to the west of 
Porter Center Rd.  The Launch area containing 2 batteries and 3 missile silos is now Air 
Force property. The Control area (south) is now CWM and Modern property.   
 
1958.  89-acre parcel, immediately to the east of Harold Road was transferred to the Army.   
This property was sold to Town of Lewiston for $1.00 in May 1960. 
 
1957-1959.  U.S. Air Force Plant 68 boron-based high energy fuels R&D (jet/rocket 
engines) “North Plant.” Constructed by Olin Mathieson in 1957 as a commercial production 
facility, but the project was cancelled in 1959 before full scale production could begin. (now 
Somerset and CWM) 
USAF owned 5.7 acres on the Niagara River for the former LOOW pump house. 
 
1956-1960.  Navy Interim Pilot Production Plant, also boron-based high energy fuels 
R&D (for jet/rocket engines.) Also constructed by Olin Mathieson. “South Plant” built along 
“M” street utilized some former TNT buildings on 389-acres (now CWM) 
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1958-1973.  Ransomville Test Annex, a 126-acre site along Pletcher Rd. was used by the 
U.S. Air Force for experimental Troposcatter defense communications testing (now Modern 
Corporation property.) 
 
1966.   Atomic Energy Commission land sold by the U.S. government to the Fort Conti 
syndicate.  No warning of radioactive contamination was given; however, the 
government inserted the following 1966 deed restriction requiring Fort Conti “not use 
the land conveyed hereby as a garbage dump and it will not litter or deposit any refuse 
or residuals on said land that would tend to breed vermin or cause noxious fumes or 
odors.”  Land is subsequently sold to the Somerset Group, and separately to Chem-trol, 
a waste-disposal firm and predecessor to SCA Chemical, later acquired by CWM. 
 
1966 –Youngstown Test Annex, now U.S. Air Force. Located at SW corner of Balmer and 
Porter Center Rds.  Consists of 98 acres of the former NIKE Missile Base NF-03 and NF-05 
that were transferred to the US Air Force in 1966. Active until 1982.  
 
Most recently used for Troposcatter communications testing.  This property was under 
investigation under the USAF Installation Restoration Program (IRP) as of 1998. 
 
1970    Radiological survey of the LOOW by AEC (1,517 acres South of Balmer Rd.) in 
response to local reports of radiation on privately owned land.  Radioactive 
contamination is “rediscovered.” 
 
1971-1972,  AEC conducts a decontamination program using local contractors.  About 
4000 cubic yards of earth and materials were removed from the LOOW site. 
 
1972    NYS Dept. of Health (“DOH”) issues restrictions on LOOW property after the 
Atomic Energy Commission refuses to meet NYS clean-up standards.  The DOH orders 
state “to protect public health and safety and minimize danger to life and property from 
radiation hazards,” that 614 acres (now CWM property) “not be developed or used for 
industrial, commercial or residential purposes, . . .”  and, “that any intentional 
movement, displacement or excavation, by whatever means, of the soil of said lands is 
hereby prohibited . . .”  
 
1973    Hazardous landfill operations commenced (by SCA Chemical) in the central part of 
the LOOW on above 614 acres under the NYS DOH Order  
 
1974     NYS DOH amends the 1972 Order to permit commercial and industrial 
development, but excavation remains prohibited unless specific consent is obtained 
from DOH. 
 
1979 - present  Army National Guard weekend Training Site (WETT) (formerly NE 
Chemical Warfare Depot) 
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1979 Steve Washutta purchases what is now Modern Corporation property.  Residential 
and industrial waste landfilling operations in this southern portion of the LOOW, 
commenced 1983. 
 
1981.   Approval by NYS DEC of SCA Chemical Waste Services hazardous waste 
landfilling application: “The entire site has not been subjected to radiation testing.  
Some radiation testing using a Geiger-counter at all points where borings or test pits 
were dug for the Wehran study found no evidence of radiation above minimal natural 
background levels.”   
  
1982.   The U.S. Dept. Of Energy (as successor to AEC) re-surveys all “vicinity properties” 
around its 191-acre (“NFSS”) property.  In sharp contrast to the 1981 NYS DEC 
conclusion, in 1982 the Dept. of Energy finds further radioactive contamination and 
evidence it was dispersed by landfill operations on CWM property. 
 
1983 –1986.  The U.S. Dept. Of Energy conducts more radiological remediation on 
“Vicinity Properties” located primarily on CWM and NFSS property.  Certification is 
issued for these Vicinity Properties with the exception of properties E, E’ and G, all 
located on CWM.  
An interim waste containment facility is constructed on the NFSS to contain radioactive 
materials. 
 
2000.  About 90,000 tons of PCB-contaminated waste materials shipped and managed at 
the CWM facility at the former LOOW property. 
 
1998-2003. U.S. Army Corps of Engineers investigates the NFSS and finds property 
(outside the storage cell) is still contaminated with radioactivity.  Further clean-up of 
residual radioactivity is anticipated. 
 
2004.  U.S. Army Corps of Engineers discovers elevated levels of radioactive 
contamination above background levels, but within Dept. of Energy clean-up 
guidelines, on a previously DOE-certified Vicinity Property X during routine worker 
safety monitoring for a DERP-FUDS chemical investigation.   
 
Further investigation planned for 2005.  See Town of Lewiston investigation report on 
USACE website. 
 
Nov. 2004.  U.S. Army Corps of Engineers finds elevated levels of radioactive 
contamination above Dept. of Energy guidelines on a previously certified Vicinity 
Property (H’) during routine worker safety monitoring for a DERP-FUDS chemical 
investigation.  (See CMSA Pad Fact Sheet on USACE website.) 
 
2005. CWM seeks Dept. of Energy and USACE decision to “re-open” the radiological 
certification of Vicinity Property H’.  Inclusion of VP H’ would expand the jurisdiction of 
USACE’s radiological (or FUSRAP) program to include 4 of 16 former NFSS vicinity 
properties located on CWM property.    
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U.S. Army Corps of Engineers, Small Bermed Clearing Report for possible former 
activity on the 5,000 acre  “Undeveloped Area” of the LOOW site – 120 unexplained ground 
scars identified in historical aerial photographs. Twelve were investigated and sampled. 


4.0  Discussion 
 
Based on the review of the above-listed documents and summary of the former LOOW 
property uses, this report focuses on five factors including:  
 


• DOD Chemicals (constituents) of Potential Concern (COPCs) and  
 


• Use of Background concentrations of contaminants;  
 


• The inter-relationships of the multifaceted uses of the LOOW properties including 
manufacturing, storage,        solid and hazardous waste management, chemical warfare 
development, military training and public education centers on and in proximity to the 
military and waste management sites;  


 
• Site characterization including locations, depths and interrelationships of the LOOW 
site contaminants with focus on surface and near surface drainage; and  


 
• Future of the LOOW site including offsite contaminant migration, adverse impacts to 
area natural resources and potential impacts to residents and students residing and located 
in proximity to the former LOOW properties. 


 


4.1  Contaminants of Potential Concern (COPC). 
 
The earliest recorded use of the 7500 acre LOOW property by the military was for the 
manufacture of TNT explosives in the early 1940’s.  This earliest phase lasted less than two 
years (9 months operational) and involved the design and construction of about 2500 acres to 
manufacture TNT in support of the war effort.  
 
In order to manufacture TNT, significant modifications and infrastructure was required to 
support the construction of facilities, import of raw materials involved with the manufacture 
of the product as well as facilities and accommodations in support of workers involved with 
the overall production. Infrastructure in support of the manufacturing facilities and site 
workers required the importation, storage and use of a wide range of chemicals and facilities 
directly and indirectly involved with the TNT manufacturing processes including electric 
power production and distribution, fuel importation and storage, potable water access and 
distribution, waste management and transport, storage and treatment of waste products and 
residues directly related and ancillary to the manufacturing processes.  
 
Chemicals directly involved with the production of the TNT explosives included chlorinated 
organics and acids used in the manufacturing process. It is important to note that other 
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chemicals were required to effectively operate and maintain the manufacturing facility and 
worker’s daily requirements including non-chlorinated volatile organics, petroleum products, 
a wide range of metals including, but not limited to, lead, arsenic, mercury, and others. 
Additionally, the manufacture of the TNT resulted in the production of waste materials 
directly and indirectly related to and involving the production processes and required means 
to transport chemicals and waste products to either treatment facilities or transferred 
directly/indirectly to the Niagara River and/or Lake Ontario via ditches and pipelines. 
Conveyance and disposal of wastes required the construction of buried and surface pipelines 
and a network of surface ditches that directly and/or indirectly carried waste waters to area 
groundwater and surface waters including the near surface groundwater to the surficial sands 
and surface waters of Four, Six and Twelve Mile Creeks.  
 
Production of TNT at the 2500 acre parcel of the LOOW ceased in 1943 and portions of the 
7500 acre property were declared excess and large tracts transferred to other DoD and private 
enterprises and used for DoD and non-DoD purposes.  As can be seen from Table 1, during 
the past 65 years the LOOW properties were used by a host of military and non-military 
related purposes involving the storage, use and disposal of a wide range of chemicals.  
 
During the past 65 years at the 7500 acre LOOW facility located near Niagara Falls NY, the 
DoD and/or their contractors: 
   


• manufactured TNT and Boron,  
• conducted chemical warfare development 
• imported and stored radioactive materials  
• constructed, operated and maintained missile bases,  
• worked on high energy fuels and advanced propellant developments,  
• conducted research and development on advanced communications systems, and 
• established the Army National Guard WETS facilities at the northern end of the 


property 
 
Activities conducted at the LOOW over the past 65 years involved the use of a range of raw 
materials and chemicals.  Product development and manufacture required construction of 
manufacturing facilities, import of raw materials as well as use of materials and supplies 
required to maintain the facilities and manage the range of activities that were conducted at 
the LOOW properties.  These materials included fuels to power generators, heating and 
cooling facilities, manufacturing facilities and offices and chemicals used to operate and 
maintain machines, equipment and in support of operating and support personnel. In 
addition, all of the activities conducted at the LOOW produced waste materials requiring 
effective management and disposal. Waste management practices during that time were more 
focused on disposal with little if any actual treatment.  
 
The military presence and manner in which waste materials were managed had a direct effect 
on the LOOW natural resources.  Until the early to mid-1970s, there were few, if any, federal 
or state waste management constraints or guidelines.  Additionally, the 2500 acres involved 
with the TNT production were significantly altered by changes in surface and near surface 
drainage patterns, interrelationship of surface and groundwater. These changes persist to the 
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present time.  The vast array of chemicals required to support the TNT manufacturing as well 
as other military-related activities on the LOOW properties resulted in the dissemination of a 
wide range of chemicals to the local environment that extended beyond the raw products 
involved with the original manufacturing processes.      
 
Multiple site assessments have been conducted at the LOOW involving collection and 
analysis of diverse samples including surface and deeper soils, sediments, air, surface and 
groundwater for metals, organic compounds and a range of radionuclides. These 
investigations indicate soils, sediments, surface and groundwater have been impacted due to 
previous military releases of organic compounds, inorganic substances and radionuclides.  
 
Areas of the former LOOW properties currently being used by private waste management 
organizations were once contaminated by radioactive materials related to DoD activities yet 
radionuclides are not included in the monitoring requirements for all of the properties owned 
and operated by LOOW-based, waste management companies.   
 
DoD, and evidently the state and federal agencies concur, that unless portions of the LOOW 
were impacted by distinct marker compounds including TNT/explosives, boron and/or 
lithium, they are not eligible for further remedial consideration by the DoD within the 
Hazardous Toxic, Radioactive Waste (HTRW) program.  The military originally acquired the 
7,500 acres for the manufacture of DoD products which evolved over the subsequent 65 
years to radionuclide storage and containment, development of HEF and propellants, 
chemical warfare agent development, interim waste storage, and established missile bases 
and a National Guard Week-end training center.  These activities invariably had an effect on 
all subsequent uses of the properties resulting in contamination by a wide range of petroleum 
products, solvents, fuels, acids, raw materials and other organic and inorganic substances 
used by the DoD over the 65 year period. Modification of the LOOW near-surface geology 
and hydrology also had a profound effect on the migration and distribution of chemicals used 
by the military as well as subsequent site owners. It is documented that radioactive materials 
were brought to properties currently occupied by CWM at the LOOW property. Further 
involvement and responsibilities of the DoD within the HTRW program should, therefore, 
not be restricted to the presence of boron, lithium and explosives.  
 
DoD responsibilities within the HTRW program should, therefore, not be limited to the 
presence of select chemicals or whether there were subsequent uses of the properties 
formerly modified and impacted by non-DoD activities. Table 11-2 of the Final RI Phase II 
Report prepared by E & A Science & Technology, 2002, lists those sites recommended for no 
further action under the HTRW program. As can be seen from this table, many of the 
proposed no further action (NFA) recommendations are based on uses by, or possible uses by, 
non-DoD users and recommendations of responsibilities were proposed on possible or 
inferred sources of the contaminants.  
 
Clearly, subsequent uses to the DoD should be considered in the overall remedial actions 
required to effectively reduce contaminant exposures to humans and natural resources. 
However, DoD responsibilities should not be discounted based of the presence or absence of 
a limited suite of select “DoD-related” COPCs.  
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Additionally, it has been documented that the DoD-contaminated properties with 
radionuclides on portions of the central developed portions of the LOOW are now owned and 
operated by private entities. All of the properties currently being used for waste management 
should be required to monitor for radionuclides, including liquid by-products including 
leachates and the military should not be excused of their responsibilities to reduce exposures 
resulting from historic actions that have contributed to the contamination of LOOW and 
surrounding properties.  


4.2  Background Contaminant Concentrations  
 
Descriptions of the potential sources of military and non-military contaminants to LOOW 
area soils, air, surface water, groundwater and biota within and adjacent to the LOOW 
property during the past 65 years make it difficult to determine what areas and/or resources 
have or have not been impacted by COPCs.  
 
Effective site characterizations are further complicated at LOOW sites where the surface and 
near surface hydrology have been significantly altered and modified by surface grading. The 
construction of underground pipelines provided preferred liquid migration pathways. 
Construction of extensive interconnected drainage ditches not only affected surface runoff, 
but because of the shallow groundwater and depth of the drainage ditches, altered the 
migration of surface water as well as shallow groundwater.  
 
The 7500 LOOW acres have been used for a range of activities during the past 65 years, and 
because it is not clear how the array of materials and chemicals were managed at the various 
facilities, including the 5000 acre buffer zone, it is also not clear if, or whether, the 
background samples collected at designated “clean” sites within and adjacent to the 7500 
acre LOOW are representative of the pre-1942 impacted regions.   Background chemical data 
should be established from samples collected in areas known to be free of contaminants 
including non-DoD COPC.   
 
Because uncertainty exists on waste management practices conducted by the DoD and 
subsequent uses by private corporations at the LOOW, sites assumed to be free of waste 
materials or assumed to represent upgradient samples without a full understanding of the past 
uses and/or interrelationships to other impacted sites, should not be used to define 
background concentrations of contaminants. This is evident in the ditch sampling conducted 
during the Phase I Remedial Investigations in which background samples collected from the 
ditches contained elevated PAHs, trichloroethylene, PCBs, and other COPCs. The presence 
of these COPC demonstrate that the background samples are not representative of pre-
LOOW conditions and that the drainage ditches were, and likely continue to be, conveyors of 
contaminants to the waters of Lake Ontario.   
 
Additionally, samples collected and analyzed from areas and systems known to have been 
affected by releases of contaminants on the LOOW property where insufficient information is 
available on past uses or impacts should not be used to assess background concentrations.  
Because uncertainty exists on precise locations for the storage and/or disposal of materials 
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used at the LOOW properties and because there is uncertainty on how drainage ditches and 
constructed pipeline corridors affected the distribution of storm and/or waste water, it is not 
known whether the sampled background samples are representative of site background 
concentrations. 
 
4.3  Interrelationships of LOOW Property Uses 
 
Over the past 65 years, the central areas of the LOOW properties have been used for a wide 
range of military-related and non-military uses.  Most of non-DoD uses have and continue to 
be involved with solid and hazardous waste management. The 7500 acre site has been 
considered a favorable setting for the range of waste management enterprises based on the 
area’s history and regional geology and hydrology. The future of the LOOW was essentially 
established by the military in the early 1940s when it was not only used as a manufacturing 
facility for explosives, but also when tracts within the LOOW were used to contain and store 
radioactive and chemical waste materials.  
 
More recent uses of the central developed portion of the LOOW by the private sector has 
focused on waste management including demolition and construction materials, municipal 
solid wastes, interim storage for radiological wastes, hazardous waste treatment and 
containment and human waste treatment required for the workers involved with the various 
military and non military uses of the 7500 acre property.  
 
The military laid the foundation for the LOOW’s waste management future in the early 1940s 
and in concert with the state regulatory agencies, further defined its legacy. The NFSS 
interim storage site is likely to remain in place into the foreseeable future considering the 
costs associated with its removal as well as the concerns that will be advanced by the 
agencies that relocation of the radiometric material will pose a greater environmental threat 
than leaving the site in place. The large waste management enterprises established and 
continue to operate solid and hazardous waste management facilities in the LOOW region 
because it had an established waste management history and is located in a low population 
density region of the state.  
 
There is a broad range of organic, inorganic and radiometric substances contained in the 
soils, sediments and shallow groundwater within the LOOW resulting from past and current 
waste management uses. From the early 1940s to the present, the DOD and private sector 
managed waste management facilities within the 7500 acre region. This area of the state has 
become known as a waste management center because of the number of companies and 
volume and character of the managed material treated, stored and contained at and within the 
boundaries of the former LOOW. Currently, waste management is the primary industry of the 
former LOOW properties.  
 
Radiometric monitoring of the air, soils, groundwater and surface water within the Interim 
Waste Containment System (NFSS) area is ongoing.  However, the same level of monitoring 
is not conducted to assess the concentrations of organic and inorganic contaminants currently 
managed onsite by the waste management companies operating the solid and hazardous 
waste management facilities on the LOOW properties. One of the commonly overlooked 


 12







transport mechanisms for contaminants is through volatilization including organic and 
inorganic COPC such as PCBs, chlorinated and non-chlorinated organic compounds and 
select trace metals. Lower chlorinated PCBs (congeners) readily volatize and are transported 
as vapors (Chiarenzelli, et al, 1998, 2001). The lower chlorinated congeners are also more 
soluble than the more chlorinated PCBs. Mercury becomes more volatile and soluble as it is 
methylated and can therefore become more mobile in air and water.  
 
The NFSS facility contains radioactive materials consolidated into a 191 acre containment 
structure. Because of the character, quantity and concentration of the radioactive materials 
within the NFSS containment site, monitoring is required to ensure the store of gas phase 
radioactive materials and associated organic and inorganic waste materials does not pose a 
threat to residents living in proximity to the LOOW.  For example, select isotopes including 
radon 220, 222, are being monitored and dust-sorbed radionuclides (uranium, radium, 
thorium, plutonium, cesium and others) are transported by air and therefore pose potential 
exposures to persons, wildlife and domestic animals. Perimeter air, soils, surface water and 
groundwater monitoring is conducted at the NFSS to ensure exposure to the airborne, soluble 
and sorbed radionuclides and organic and inorganic contaminants is minimized. Despite the 
well recognized volatility of PCBs and mercury, these COPC are not included in any of the 
required monitoring of the waste management industries operating within the LOOW 
properties. Air monitoring of PCBs and methyl mercury and other potential volatile 
compounds and elements is not a requirement.  
 
Based on sampling results reported in 2003, the soils, surface water and groundwater within 
the surrounding areas of the NFSS were impacted by a range of organic, inorganic and 
radioactive materials. These releases were either a result of releases from the interim 
containment structure and/or from residual chemicals and/or during the time the waste 
materials were being consolidated and the site was actively used or being developed as a 
storage facility (see NFSS COE PowerPoint presentation, 2003). The Central Drainage Ditch 
runs through the NFSS and the connecting, smaller ditches drain to the Central Drainage 
Ditch contain a range of contaminants known to have been used at the LOOW.  These 
contaminants are likely being flushed and transported to Four Mile Creek and eventually to 
Lake Ontario. The soils, sediments and groundwater in the immediate NFSS area have been 
impacted by PCBs yet air monitoring of PCBs is not a monitoring requirement for this 
facility.      
 
Many of the materials managed at the LOOW properties were historically considered to be 
insoluble, non-volatile and highly stable.  Compounds, including PCBs, a wide range of 
chlorinated pesticides, methylated metals, including lead and mercury are now recognized to 
be more mobile than originally considered and therefore require improved air and water 
monitoring to ensure human populations are not being exposed.   
 
Air monitoring of non-radiometric materials, including large volume air samplers, should be 
established and maintained to gauge the concentrations and exposures to volatile compounds 
to residents living and attending school in proximity to the LOOW. Tree bark sampling and 
analysis for PCBs should also be routinely sampled at select areas located in proximity to the 
former LOOW properties including Lew-Port school grounds (Hermanson, et al, 2006). 
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Although the waste management firms currently operating at the LOOW are not actively 
involved with the management of radioactive materials, they are involved with a wide range 
of compounds and elements known to cause impacts to health when ingested, breathed or 
come in contact with humans. CWM reportedly managed over 90,000 tons of PCB-
contaminated waste materials during 2000. Sampling and analysis of surface soil and surface 
water drainage sediments (ditches and small drainage streams) for PCBs and organic and 
inorganic contaminants conducted on CWM properties (1990) demonstrated contaminants 
are contained in soils and sediments in the drainages located on the CWM property. The 
drainages on the CWM are connected to the original ditches constructed on the former 
LOOW properties and provide a conduit for the transport of waste materials to Lake Ontario. 
One of the major flaws in the investigations conducted by CWM of the surface water 
drainages is that the assessments did not include aqueous phase contaminants which even at 
low concentrations, the large volume of water transported in ditches and natural drainages 
can result in the transfer of large quantities of contaminants to receiving waters. Although 
State Pollutant Discharge Elimination System (SPDES) sampling of water discharges are 
required, non direct discharges including leachate, stormwater runoff, and others, are not 
integrated or included in SPDES monitoring.  
 
Groundwater and surface water monitoring should be expanded to the former LOOW 
boundaries and include sampling and laboratory analysis of aqueous phase PCBs, pesticides 
and herbicides including, but not limited to, chlorinated and brominated compounds, metals 
and metal-containing compounds including lead, mercury, arsenic, chromium, and others 
found in common household and industrial products and known to be included in household 
and industrial waste materials.  
 
Because the waste materials that have been deposited and are currently stored at the LOOW, 
including CWM and Modern Landfills as well as the NFSS, and because these wastes will 
remain on the LOOW site in perpetuity, a comprehensive monitoring system should be 
designed and implemented to ensure exposures to area residents and to the regional and 
global resources are minimized.   


4.4  Site Characterization   
 
Based on the characterization of the surface and groundwater of the LOOW and surrounding 
areas, the primary surface water runoff is to Four, Six and Twelve Mile Creeks. The relevant 
groundwater consists of a near surface and deeper system defined as the silt and sand unit.  
The LOOW site is underlain by 30-60 feet of unconsolidated materials overlying shale 
bedrock (E & A Science and Technology, 1999). The near surface upper alluvium is up to 
five feet thick in some areas of the LOOW, but due to regrading and filling, in places, this 
unit is absent or overlain by fill material.  Areas of the LOOW site have been filled with a 
variety of material to depths of eight to twelve feet.   
 
Although limited in distribution and thickness (up to 5 feet) and affected by grading, the 
upper alluvium may play a significant role in surface and near surface migration of water and 
associated contaminants.  Discharges or spills into the alluvium would redistribute 
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contaminants beyond the original spill or discharge site to the many intermittent surface 
water bodies.  Based on the relative permeable character of the surface silts and sands, it 
would be helpful to have spoil maps of the area to gain an appreciation of the distribution of 
the upper alluvium to assess possible migration pathways from areas that have been impacted 
by contaminants. 
 
Drainage ditches were constructed by the military on the LOOW to convey surface water 
runoff and waste materials off site.  The ditches connected production facilities to the three 
streams that drain to the Niagara River or to Lake Ontario. The main ditches were about 20 
feet wide at the surface, tapered to about 15 feet at their base and were 10-15 feet deep.  
Secondary ditches connected to the three primary ditches including the Central Ditch, 
Magazine Drainage Ditch and the Southwestern Ditch.  The Central Ditch extends for about 
10,000 feet to the north and then diverts to the northwest for about an additional 5000 feet 
where it connects to Four Mile Creek (see figure 13-1 of Phase 1 RI). 
 
The three primary drainage ditches and interconnecting smaller ditches constructed and 
maintained by the DoD and non-DoD land owners are likely one of the major pathways for 
the offsite migration of contaminated sediments and water to the receiving waters of the 
Niagara River and Lake Ontario. 
  
The Magazine Drainage Ditch extends in a northeast direction across the US Army National 
Guard Week-end training area and then diverts to a west trending arc for about 8,500 feet 
across the TNT storage site, north of Balmer Road. This ditch connects to the Central 
Drainage Ditch which drains to Four Mile Creek.  Six Mile Creek was sampled at two 
downgradient sites from the Magazine Drainage Ditch during the Phase l remedial 
investigation (RI) where two sediment samples were collected.   
 
As the name implies, the Southwestern Ditch drains the southern and western portion of the 
LOOW extending north for about 6,000 feet and then due west for an additional 4,000 feet 
and then north/northwest for about another 7,000 feet where it also joins Four Mile Creek. As 
a part of the RI Phase I Investigation, the Southwestern Ditch was sampled at three 
approximately1,000 foot spaced locations near the junction where the ditch turns to the west 
from the northern extension. One surface water sample and three sediment samples were 
collected at each location. No other samples were collected along the Southwestern Drainage 
Ditch. 
 
The Central Drainage Ditch was sampled at 12 separate locations during the Phase I RI as 
well as seven of the connecting drainage ditches located east of the Central Ditch. Two 
additional surface samples were collected and analyzed from Twelve Mile Creek along the 
southeastern property boundary of the LOOW.   
 
At the three sediment and surface water background sampling sites collected from the 
Southwestern Ditch, the PAH concentrations of the sediments exceeded the NY 
Bioaccumulation standard by several orders of magnitude indicating the PAH concentrations 
in the sediments were elevated. At one of the background sediment sampling locations 
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collected from the Southwestern Ditch, trichloroethylene was slightly below the NY 
Bioaccumulation guidance. 
 
Based on the results of the sampling conducted in the three primary drainage ditches, it was 
decided that additional sampling of the drainage ditches would not be continued in the Phase 
II RI.  This decision was made despite the lack of sampling along about 15,000 feet of the 
Southwestern Drainage Ditch, orders of magnitude elevated PAH concentrations at multiple 
ditch sampling locations, elevated Boron (more than 8 times background) and Lithium 
concentrations at select ditch locations relative to background concentrations and elevated 
PCBs in sediment. 
 
This decision was made without full and adequate sampling of the primary and secondary 
drainage ditches, including the impact to the receiving waters of Four Mile, Six Mile and 
Twelve Mile Creeks. No samples related to the three large drainage ditches were collected 
offsite of the LOOW even though these ditches were one of the main pathways for the 
migration of waste materials to the creek receiving waters discharging to the Niagara River 
and Lake Ontario.   
 
The Central Ditch was likely the main conveyor of waste materials originating from DoD and 
non-DoD sources and the presence of elevated PAHs and PCBs in ditch sediments indicate 
that either the DoD is the source of the compounds and/or the non-DoD waste materials have 
been discharged to the ditches originally designed, constructed and maintained by the 
military. The Southwest Ditch drains the largest area of the LOOW and crosses portions of 
the Lew-Port school grounds.   
 
Failure to effectively characterize contaminants in the Southwest Ditch, including sections of 
the ditch in proximity and on the school property, represents a major flaw in the assessment 
of the role played by the ditch in conveying contaminants onto and through the school 
property. Recommendations to forego additional sampling of the ditch systems in the Phase 
II Remedial Investigation resulted in a less than comprehensive understanding of the large 
and interconnecting ditches designed and constructed by the military to convey surface 
waters offsite of the LOOW properties.   
 
The depth of the three main ditches are deep enough to intercept the saturated 
glaciolacustrine silts and sands that cover parts of the LOOW properties providing pathways 
for the exchange of contaminants to and from the underlying, near surface groundwater.  
There was no attempt in the Phase I and II RIs to determine whether the shallow groundwater 
associated with the surficial alluvium or deeper, saturated silt and sand horizons were 
impacted by contaminants carried by the ditches and intruding into the near surface saturated 
horizons. 
 
The series of ditches constructed and maintained by the military were designed to carry 
runoff and any associated contaminants offsite of the LOOW. The sampling protocols used to 
assess the role played by the ditches in transporting military and non military waste materials 
was simply inadequate to determine  the impacts contributed by the ditches to area resources 
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including the soils, sediments and near surface and groundwater within the Lew-Port school 
properties, the creeks, Niagara River and to Lake Ontario.  
 
Failure to adequately assess the distribution and concentrations of contaminants including the 
potential impacts to school resources and receiving creeks, the Niagara River and Lake 
Ontario resulted in a major flaw in the overall Phase I RI sampling and adversely affected the 
Phase II RI  planned sampling.  The Ditch systems were likely the major conduits for the 
transport of contaminants offsite of the LOOW. The poor design and approach followed in 
the Phase I RI Ditch Assessment failed to adequately assess the impacts caused by the 
construction and use of the ditches to manage onsite surface water and associate discharged 
wastes.  
 
The LOOW Ditch systems require far more assessment considering the limited sampling 
conducted in the earlier Phase I RI and the potential long term effects to the area and state’s 
resources. Sampling sites of the large ditches were limited in distribution and no samples 
were collected offsite to determine whether offsite migration of contaminants impacted local 
surface water. Aqueous phase sampling of the large ditch water for organics, including those 
considered to be insoluble (PCBs), inorganic and radionuclides should be conducted on a 
routine basis (quarterly) and the volume of water should be gauged at multiple sites at each 
of the three larger ditches at established and maintained stream gauges.  Off site sampling of 
the receiving water creeks (Four, Six and Twelve Mile Creeks) should also be monitored to 
assess the offsite migration of contaminants from the LOOW.   
 
In order to determine whether contaminants derived from the DoD and non-DoD activities 
have accumulated within the drainage ditches and in the offsite creek sediments, additional, 
focused sampling of the ditch sediments and associated surface waters is required. The extent 
and degree of offsite migration of DoD and Non-DoD contaminants can be effectively 
determined with sediment cores collected at the mouths of the three creeks that drain the 
LOOW properties.   


4.5  Public Concerns and Future of the LOOW site. 
 
Many of the public’s concerns were expressed in the Community LOOW Project 
presentation. The former LOOW property has become a center for the management of 
municipal, industrial, solid and liquid hazardous and radioactive wastes. The 191 acre NFSS 
was designed as an interim storage facility to contain the consolidated radioactive waste 
materials used and transferred to the LOOW properties suggesting the materials contained at 
the site will, at some time, be relocated to a permanent and secure facility. In addition to 
radionuclides, the NFSS is also known to contain volatile organic compounds, semi-volatile 
organic compounds, metals, PCBs, pesticides and explosive residues. These compounds, 
metals and radionuclides have been found in the soils, sediments, groundwater and surface 
waters in proximity to the NFSS site (see COE NFSS PowerPoint presentation, 2003). 
 
The 191 acre NFSS is being monitored to ensure the exposure to area residents is minimized.  
Uncertainty exists on the future of the NFSS since it was originally designated as an interim 
radioactive waste storage site and there is public concern whether the contained radioactive 
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materials consolidated from past military activities will ever be removed. The use of the term 
‘Interim” conveys temporary and implies ultimate removal resulting in public expectations 
that site materials will at some time be relocated.  
 
The drainage ditches bordering the NFSS site contain contaminants and because the drainage 
ditches were not effectively sampled during the Phase l and ll Remedial Investigations, the 
extent and source of the contaminants is not well understood. Effective site characterization 
is essential to the development and implementation of feasibility studies.  Without a clear 
understanding of the interrelationship of LOOW area sites and history of waste storage, 
contaminant migration and disposal, it is not possible to design and implement effective 
remedial actions to reduce exposures.  
 
Area residents are concerned about past and ongoing exposure to the stored waste materials 
including effects to adjoining properties and resources. Proactive action is needed to inform 
the interested public about the long term maintenance or removal options that are being 
considered for the NFSS. As noted above, there is sampling evidence that the area resources 
in proximity to the NFSS have been impacted by organic, inorganic substances and 
radionuclides.  If plans are not in progress, action should be initiated to develop options 
related to the long term disposition of the NFSS waste containment site to address interested 
public concerns and expectations. 
 
Segments of the 7500 acre, former LOOW properties have transitioned to privately operated 
waste management facilities and that these properties will be used into the foreseeable future 
to treat, contain and manage wastes.  Additional containment structures are proposed to treat 
and control hazardous and municipal waste materials within the former LOOW properties 
currently owned and operated by waste management firms.  Area concerned citizens 
recognize that waste management will be a part of the Lewiston-Porter communities and 
want assurances that the waste materials including air, water and soil emissions from the 
waste management sites will not adversely impact the area residents and resources..  
Verifiable assurances must be provided by the site owners and managers and state and federal 
agencies that offsite migration of waste materials has not occurred nor will occur.  
 
Resident confidence in the ability of the state and federal agencies to provide the verifiable 
assurances that offsite migration of airborne and/or water derived sources of contamination 
will not occur until a comprehensive air, water and soil/sediment monitoring program is 
designed and implemented. Monitoring programs are needed that realistically assess the air 
and water resources and pathways for the wide range of waste materials that are currently 
being managed and for those that will be treated and contained at the waste management 
facilities in the future.   
 
The Phase I and II Remedial Investigations (RI) of the LOOW and NFSS sites indicates 
contaminants continue to impact area resources. Based on the data and information covered 
in those reports, contaminants continue to impact the resources of the former LOOW 
properties. The connections to the Niagara River and Lake Ontario via the Four Mile, Six 
Mile and Twelve Mile Creeks and connection of the LOOW surface and groundwater to the 
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creek systems increases the need to ensure past, current and future waste management 
operations do not adversely impact the resources of the region.   


5.0   Conclusions 
 
With the required construction materials and development of infrastructure required to 
support the original use of the LOOW property, a wide range of materials were imported to 
the TNT manufacturing facility.  Imported chemicals included raw materials, fuels, solvents, 
construction materials, equipment maintenance and supplies, waste management facilities 
and treatment processes, chemical waste management and a broad range of organic and 
inorganic chemicals. The required chemicals extended beyond the boron, lithium and TNT 
utilized in direct manufacturing.  
 
The post 1943 uses of the LOOW properties included a range of activities that also required 
use, management and disposal of materials required to support the array of activities 
conducted at the LOOW properties over the following 65 years.  
 
The LOOW properties also became a storage facility for radioactive waste materials and 
essentially established the sites destiny as a waste management facility by excessing portions 
of the property to large and expanding waste management firms.  
 
Despite the range of chemicals required to conduct the of activities carried out by the military 
over the past 65 years, the DoD responsibilities for the COPC at the LOOW properties is 
restricted to lithium, boron and TNT/explosives.  
 
Background concentrations of COPC were determined by sampling at locations within the 
LOOW to areas of the site believed to be free of military sources of contaminants. This 
deduction was developed and implemented in the site characterization phases of the site 
despite the lack of understanding of the past uses of sites where background samples were 
collected or how surface and groundwater may have played a role in contaminant migration 
and accumulation within and offsite of the LOOW.   
 
The network of large drainage ditches were developed on the site and the limited sampling 
conducted on ditch sediments, it is evident that the ditches transported COPC in the past and 
likely continue to transport contaminants offsite including to the Niagara River and Lake 
Ontario. Failure to conduct additional sampling of the ditches in the Phase ll Remedial 
Investigation was based on limited information and assessment of the likely role played by 
the ditches to transport contaminants from the military and non-military activities conducted 
at the LOOW over the past 60 plus years. 
 
Ditch construction for pipeline development can significantly modify surface and near 
surface water migration and serve as conduits for contaminant migration.  Additional 
investigation of the role played by pipelines needs to be conducted to ensure there is a clear 
understanding of the migration and redistribution of shallow groundwater along pipeline 
ditches.   
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6.0    Recommendations 
 
In order to effectively remediate the more than 2700 nationwide FUDS properties, the annual 
federal appropriations in support of the FUDS program needs to be significantly increased. 
Congressional and senate representatives need to be contacted and made aware of the FUDS 
program to accelerate and effectively remediate formerly used, military-impacted sites.  
 
DoD responsibilities within the HTRW program should not be limited to the presence of 
select chemicals (COPC) or whether there were subsequent uses of the properties originally 
modified and impacted by DoD activities. Joint and several liability guidelines should be 
used to assess and assign responsibilities.   Further involvement and responsibilities of the 
DoD within the HTRW program should, therefore, not be restricted to the presence of boron, 
lithium and/or explosives.   
 
Background chemical data should be established from samples collected in areas known to 
be free of contaminants including non-DoD constituents of potential concern (COPC).  
Contaminant associations and clusters should be used to define impacted areas utilizing GIS 
analysis. 
 
Air, water, soils and sediment monitoring should be extended beyond the CWM and 
landfilling operations and include all properties where DoD wastes were deposited and/or 
used.  This includes establishing and maintaining a network of well placed sediment, soil, 
water and air sampling sites.  These sites are to be sampled at frequent intervals to ensure 
confidence in the vertical and areal distribution of media sampling equipment including air 
monitoring systems to effectively gauge releases to the local air resources. State Pollutant 
Discharge Elimination System (SPDES) were designed and are operated to monitor 
wastewater discharges and not sufficient to determine releases from storm waters affected by 
contaminants and/or uncontrolled releases including those that derive from leachate 
migration to surface and/or groundwater. ….. 
 
The LOOW drainage ditch systems require more assessment considering the data included in 
the earlier Phase I RI and the potential long term effects to the area and state’s resources. 
 
Sediment cores should be collected within and at or near the mouths of Four, Six and Twelve 
Mile Creeks.  Each collected core sample should be vertically sectioned into one centimeter 
segments, dated (e.g. by using 137Cesium isotopes) and each sectioned segment analyzed for 
a range of organic, inorganic contaminants and radionuclides.   
 
Sediment core analysis will provide a history of contaminant contributions to the canals and 
to Lake Ontario receiving waters downgradient of the LOOW and determine whether the 
drainage ditches served and continue to serve as conduits for the offsite transport and 
accumulation of DoD and non-DoD-derived waste materials. 
 
Large volume air samplers and tree bark sampling and analysis for PCBs should be routinely 
conducted at select areas located in proximity to the former LOOW properties including 
Lew-Port school grounds  
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Verifiable assurances must be provided by the site owners and managers and state and federal 
agencies that offsite migration of waste materials has not occurred nor will occur as waste 
management continues at the LOOW properties. 
 
Groundwater and surface water monitoring should be expanded to the former LOOW 
boundaries and include sampling and laboratory analysis of aqueous phase PCBs, pesticides 
and herbicides including, but not limited to, chlorinated and brominated compounds, metals 
and metal-containing compounds including lead, mercury, arsenic, chromium and others 
found in common household and industrial products and known to be included in household 
and industrial waste materials. 
 
Because the waste materials that have been deposited and are currently stored at the LOOW, 
and because these wastes will remain on the LOOW site in perpetuity, a comprehensive 
monitoring system should be designed and implemented to ensure exposures to area residents 
and to the regional and global resources are minimized 
 
Monitoring programs are needed that realistically assess the air and water resources and 
pathways for the wide range of waste materials that are currently and will be treated and 
contained at the waste management facilities at the former LOOW properties.  
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Abstract 
 


This report reviews the certification of vicinity properties adjacent to the Niagara Falls Storage 
Site (NFSS) for unrestricted use in 1992, determining whether federal criteria and regulations 
were met.  We provide a detailed synopsis of the various surveys of the vicinity properties as well 
as the Central Drainage Ditch (CDD) which were contaminated from past storage and burial of 
radioactive wastes on those properties.    In order to do this we analyzed data from the various 
surveys, remediation reports, and verification dockets provided.  We determined whether radium 
exceeded federal limits and did a quantitative analysis using radionuclide concentrations from the 
reports as input into the RESRAD 6.3 modeling program; this program calculated radiation doses 
for each of the properties to determine whether or not the radionuclide concentrations would 
cause a dose over the 25 mrem/yr limit.  Concentrations from the 1984 surveys of the properties 
exceeded 25 mrem/yr, most of them by more than 100 times.  However, after remediation, the 
1986 post-remediation survey showed that significantly less of the vicinity properties yielded 
doses exceeding 25 mrem/yr.  Finally, with the results from the 1989 survey it was found that 
properties’ D, E’ G, H’ and T and the excavated and unexcavated portions of the CDD still 
exceeded the 25 mrem/yr guideline.  Therefore, it seems that by the release date of the vicinity 
properties in 1992 those properties were not yet ready to be released for unrestricted 
development.  Also, when comparing the contamination maps to the latest maps of remediation 
on vicinity properties, it appears that some of the highest points of radionuclide concentrations 
were not remediated.  The surveys are unclear and further investigation should be done to ensure 
that these properties are fully remediated before unrestricted use. 
 
Several of the properties still have areas that would cause a potential resident to receive a dose 
over the 25 mrem/yr limit set by the EPA.  Also, fully comprehensive surveys were not performed 
and they seemingly excluded areas that were stated as having extremely high points of 
contamination on these properties.  Further surveys, analysis, and remediation should have been 
done on these properties and the CDD before they were released for unrestricted development in 
the early 1990s.  
 


Introduction 
 
The Lake Ontario Ordinance Works (LOOW) was formerly used by the wartime Manhattan 
Engineer District (MED) for the storage and transshipment of radioactive materials.  It consisted 
of the Niagara Falls Storage Site (NFSS), a U.S. Department of Energy (DOE) facility used for the 
storage of radioactive residues and contaminated soils and rubble, and vicinity properties.  The 
vicinity properties surrounding the NFSS were also contaminated and used for storage of 
radioactive wastes.  In 1992 all of the vicinity properties were decommissioned or certified for 
unrestricted development.  Discussed later in this report are a few sections of certain vicinity 
properties that were not released. 
 
The goal of this report is to examine the remediation efforts on the vicinity properties and the 
Central Drainage Ditch (CDD) and determine whether these properties were properly certified for 
unrestricted use.  In the next section, we discuss the history of the vicinity properties, the surveys 
of those properties, the remediation results, and compare the results to the EPA radium cleanup 
criteria.  In the following section, we calculate the radiation doses from those properties using the 
DOE software, RESRAD, assuming a full-time resident, and compare the doses to current federal 
regulations.  The data input into RESRAD were obtained from past surveys and remediation 
reports, which discussed in detail the work done throughout the years to clean the vicinity 
properties and the CDD.   
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The main vicinity properties to be discussed in detail are properties’ D, E, E’, G, F, H, and H’.  
These properties have been characterized and studied in detail.  In terms of the Central Drainage 
Ditch other vicinity properties will be discussed as necessary.  The vicinity properties through 
which the CDD runs are properties’ S, T, U, V, and P.  Figure 1 shows the location of the vicinity 
properties.  These properties have also been studied in detail.  For our purposes we will only 
discuss these properties in relation to the CDD.   
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Background 
 
During the late ‘40’s and early ‘50’s, the LOOW site was used for disposal and storage of 
radioactive materials.  Mill tailings and uranium ore processing wastes from Linde and other 
locations, and wastes from Knolls Atomic Power Laboratory (KAPL) and the University of 
Rochester were sent to LOOW.  Subsequently, the vicinity properties were partially 
decontaminated at different times using successively more restrictive clean-up criteria, and 
improved radiation survey techniques.  Despite continued decontamination work over the years, 
some radioactive contamination remains on the vicinity properties. 
 
This section of the report discusses the radiological surveys conducted on vicinity properties D, E, 
E’, F, G, H, and H’ as well as the Central Drainage Ditch (CDD), which runs through and adjacent 
to vicinity properties P, S, T, U, and V.  (See Fig. 1.) These surveys were performed by Oak 
Ridge Associated Universities (ORAU) for the Department of Energy. The focus is on these 
properties because of their proximity to the NFSS site, the possible contamination of these sites 
from buried contaminants and the CDD, and because of potential development on these 
properties.  The surveys of these properties informed us of the type of contaminants that were 
prevalent on those properties in the eighties, if the radionuclides were over regulatory limits, and 
if these properties have been sufficiently cleaned to be in compliance with federal regulatory 
standards and to be released for unrestricted development.   
 
To understand further whether or not these properties are in compliance with federal regulatory 
standards we conducted a separate quantitative analysis in the following using the RESRAD 
program, developed by the Environmental Assessment Division of the Argonne National 
Laboratory1.  A discussion of the methods, assumptions, and results from this program is 
included in that section of the report.   
 
Common Attributes of the Vicinity Properties  
 
In the early 1980s all of these properties were suspected to have contaminated materials since 
several of the properties had been surveyed previously and had elevated levels of radiation.  
Over time, the regulatory standards had become more restrictive, requiring additional remediation 
work.  Some of these properties had been cleaned but surveyors were unsure of how well they 
were cleaned or if there was further contamination.  Since the LOOW site was used for disposal 
of tailings from extraction of uranium from ore at local chemical plants during the Manhattan 
Project, it is not surprising that U-238 and its decay products were the primary contaminants. 
 
According to their surveys, background concentrations of Ra-226, U-235, U-238, Th-232, and Cs-
137 in Lewiston were typical of those in that area of New York.  The background surface soil and 
surface water radiation levels were also commensurate with surface soil and surface water 
radiation levels elsewhere.  Information collected from all the properties included direct radiation 
exposure rates and surface beta-gamma dose rates, locations of elevated surface residues, 
concentrations of radionuclides in surface and subsurface soil, and concentrations of 
radionuclides in surface and ground water.  The primary radionuclide contaminants were Ra-226 
and U-238; the concentrations of these radionuclides and decay products from these surveys are 
what we used in our quantitative analysis.  . 
 
Vicinity Property D 
 


                                                 
1  RESRAD 6.3 Developed at the Environmental Assessment Division of Argonne National 
Laboratory.  August 25, 2005. 
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At the time of the survey by ORAU2, conducted from May through August of 1983 the western 
portion of property D (Figure 2) was largely occupied by landfills accessed by unpaved roads 
(Figure 3).  There were also two major drainage ditches, the one near the western boundary of 
the property had been recently constructed.  The property also contained four waste treatment or 
retention ponds.  A small, badly deteriorated, wooden structure remained on the property from 
munitions operations that were on the site before it was used by MED/AEC.  In 1983 the land was 
relatively level and most of it had been cleared although there were some areas of trees and 
brush along the northern perimeter. 
 
Direct radiation levels measured at 40 m intervals at 1 m above the surface ranged from 6-10 
µR/h while surface contact gamma and beta-gamma exposure rates ranged from 5-10 µR/h and 
5-35 µrad/h, respectively.  Because measurements performed with the shielded detector 
averaged about 20% less than those measured with the unshielded detector it is an indication 
that only a small portion of the surface dose rate was due to non-penetrating or low-energy 
photon radiations.  The walkover survey identified several isolated spots of elevated contact 
radiation levels having surface contact gamma exposure rates ranging from 29-3000 µR/h; 
exposure rates at 1 m above the surface ranged from 8-110 µR/h and beta-gamma dose rates 
ranged from 29-6450 µrad/h.  Contact exposure and beta-gamma dose rates were reduced by 
soil sampling at several of the locations indicating that most of the contamination was in small, 
discrete pieces of material rather than diffused throughout the soil.  The hot spots identified by the 
1983 walkover scan may coincide with those found in the 1971-1972 survey and in the 1980 
walkover scan. 
 
Concentrations of Ra-226 measured in surface soil from 40 m grid intervals ranged from <0.16 
pCi/g to 2.44 pCi/g.  Although a few samples contained Ra-226 concentrations exceeding 
baseline levels, none of them were more than 5 pCi/g above the baseline level, the applicable 
regulatory limit.  There were several areas of elevated radionuclides on property D (Figure 6).  
Several of these samples also contained slightly elevated U-238 concentrations.  Ra-226 
concentrations in samples from locations of above criteria contact readings had radiation 
concentrations that ranged from 0.95-11,200 pCi/g with the highest concentration in a piece of 
rock-type material, B8 (460N, 742E) that was taken from an unpaved road near the northernmost 
pond (Figure 7).  High Ra-226 concentrations were identified in pieces of this material, which also 
contained elevated levels of U-238 and Th-232; the rock sample, B1B, which intersects with the 
main drainage ditch on the northwestern part of the property (539N, 222E), contained 403 pCi/g 
of U-238 and 553 pCi/g of Th-232, which were the highest levels of these two radionuclides 
measured on property D. 
 
Results of gamma scintillation measurements indicated no subsurface contamination.  None of 
the boreholes (Figure 4) contained radionuclide concentrations differing from the ranges in 
baseline samples.  Surface water results had concentrations exceeding baseline levels but they 
                                                 
2  Boerner, A.J. Off-Site Property D Niagara Falls Storage Site, Lewiston, New York, Final Report 
March 1984; Berger, J.D. Off-Site Property E Niagara Falls Storage Site, Lewiston, New York, 
Final Report March 1984; Berger, J.D. Off-Site Property E’ Niagara Falls Storage Site, Lewiston, 
New York, Final Report September 1983; Berger, J.D. Off-Site Property F Niagara Falls Storage 
Site, Lewiston, New York, Final Report February 1984; Berger, J.D. Off-Site Property G Niagara 
Falls Storage Site, Lewiston, New York, Final Report April 1984; Boerner, A.J.Off-Site Property H 
Niagara Falls Storage Site, Lewiston, New York, Final Report March 1984; Berger, J.D. Off-Site 
Property H’ Niagara Falls Storage Site, Lewiston, New York Final Report June 1983; Berger, J.D. 
Off-Site Property P Niagara Falls Storage Site, Lewiston, New York Final Report March 1984; 
Berger, J.D. Off-Site Property S Niagara Falls Storage Site, Lewiston, New York Final Report 
February 1984; Boerner, A.J. Off-Site Property T Niagara Falls Storage Site, Lewiston, New York 
Final Report March 1984; Boerner, A.J. Off-Site Property U Niagara Falls Storage Site, Lewiston, 
New York Final Report March 1984; Boerner, A.J. Off-Site Property V Niagara Falls Storage Site, 
Lewiston, New York Final Report April 1984. 
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did not exceed the EPA drinking water standards of 15 pCi/l of gross alpha and 50 pCi/l of gross 
beta.  Samples from subsurface water samples ranged from 1.02-6.19 pCi/l of gross alpha and 
5.52-65.4 pCi/l of gross beta with sample H11 (west of Castle Garden Road) exceeding the EPA 
guideline of 50 pCi/l for gross beta (Figure 7); the other samples were within EPA criteria with 
most having concentrations within the range of baseline levels.  Because several of these 
samples contained high concentrations of dissolved solids the gross alpha analysis may have 
larger relative errors than usually associated with that procedure.  These samples were rough-
filtered through Whatman No. 2 filter paper and remaining suspended solids were removed by 
subsequent filtration through 0.45 µm membrane filters. 
 
Sediment samples (Figure 5) collected from drainage ditches were all comparable to baseline 
concentrations. 
 
According to the post-remedial action report published in January of 19893 eight areas of 
property D were subsequently decontaminated.  Results from six of the eight areas indicated that 
remedial action guidelines had been met.  The seventh area was decontaminated and backfilled 
in 1984, but, because it is part of a larger contamination area on property U the results were 
reported as part of results for property U instead of property D.  The eighth area contained 
several pieces of slag material that had a uranium to radium ratio similar to that of MED/AEC 
materials.  This material was removed during the verification survey and a near-surface gamma 
survey conducted after removal indicated there was no contamination present.4  There was one 
area that was not indicated on the map of excavated areas on property D that may still have an 
above-criteria radionuclide level; this point is highlighted in F igure 7.  It was also indicated in the 
1983 report as the area that had the highest concentration of Ra-226.  Also, several changes to 
the site by SCA Chemical Services may have prevented testing of areas that were previously 
identified as contaminated areas on vicinity property D. 
 
In 1989 ORAU verified several vicinity properties of the NFSS site5.  Vicinity property D was one 
of the properties verified at the time.  Therefore, according to DOE, D is in compliance with the 
standards and guidelines applicable to the remedial actions at NFSS, but since one area of the 
vicinity property D with high Ra-226 concentrations was not decontaminated, in our opinion this 
property should not have been certified. 
 
Vicinity Property E 
 
Direct radiation levels on property E measured at 40 m grid intervals found that gamma exposure 
rates at 1 m above the surface ranged from 5-9 µR/h.  Surface contact (gamma rates taken at the 
surface of the land) gamma (direct radiation) exposure rates and beta-gamma (indirect radiation) 
dose rates were 5-12 µR/h and 5-38 µR/h, respectively.  Surface contact gamma exposure rates 
measured at much smaller, 5 m, intervals along the retention pond berm, had areas of elevated 
surface radiation levels and ‘hot spots’ (Figure 8), with a greater spread of dose rates, ranging 
from 8-21 µR/h.  Contact gamma exposure rates and beta-gamma dose rates measured at 1 m                                
above the surface ranged from 8-18 µR/h and 8-190 µrad/h, respectively; several hot spots in this 


                                                 
3 Kaye, M.E. and Feldman, A.M., Post-Remedial Action Report for the Niagara Falls Storage Site Vicinity 
Properties-1985 and 1986, Bechtel National, Inc., Oak Ridge, TN, January 1989. 
4 On the west central portion of the site residual pieces of slag materials having elevated direct radiation 
levels were identified by gamma scans of a pile of dirt.  These pieces of material were removed by ORAU 
and BNI personnel.  Follow up readings confirmed that the actions taken were effective with radionuclide 
concentrations in the ranges of baseline soil. 
 
5 Certification Docket for the Remedial Action Performed at the Niagara Falls Storage Site Vicinity Properties 
in Lewiston, New York, from 1983 through 1986, Department of Energy Former Sites Restoration Division 
Oak Ridge Field Office, July 1992. 
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area ranged from 27-1150 µR/h.  The hot spots were all well above background levels and 
exceeded the NRC’s standard of about 4 µR/h.6


 
At several locations of elevated surface radiation near the retention pond berm the shielded 
detector measurements were 3-30% of the unshielded measurements, suggesting that a large 
fraction of the radiation was due to beta particles, which are non-penetrating particles.  This 
differed from the measurements taken at 40 m grid intervals that did not have elevated radiation 
levels where the shielded and unshielded detector implied that only a small portion of the surface 
dose was due to non-penetrating beta or low-energy photon radiations.   
 
Contact exposure rates were reduced by soil sampling at many of the hot spots, however, at 
some of the points, exposure rates were unchanged, indicating contamination at some locations 
extended greater than 15 cm below the surface and was diffused.  
 
In general, in the surface soil samples, the Ra-226 levels did not differ from those in the baseline 
samples from the 40 m grid intervals.  Samples collected from the areas with elevated radiation 
levels contained Ra-226 concentrations exceeding baseline levels, ranging from 4.23 to 514 
pCi/g; these samples also had elevated U-238 levels with the highest in sample B15A, containing 
22,600 pCi/g of U-238 (Figure 12).  These concentrations exceed EPA’s guidelines for cleanup.  
Small pieces of debris were separated from some of the samples collected at locations of 
elevated direct radiation (Table 1).  These samples contained levels of Ra-226 activity too high to 
permit analysis by the routine gamma spectrometry procedures.  These samples contained 0.55 
to 11.6 µCi of Ra-226.  Sampling along the southern portion of the retention pond berm (Figure 9) 
identified the presence of metal containers 20 to 30 cm below the surface; measurements 
indicated that these containers were contaminated or contained contaminated residues.  There is 
no indication in remediation reports that these containers were removed or the pond berm was 
cleaned after this survey was published in 1984.  Therefore, we assume that these contaminated 
containers are on Property E today.   
 
Ground penetrating radar indicated the presence of 22 buried targets.  It also identified possible 
utility services at several proposed borehole drilling locations.  The boreholes indicated that 
contamination was confined to the upper 15-30 cm of soil.  However, one borehole, H8 (Figure 
10), located near the southwestern border of the property, had elevated radiation levels at a 
depth of 90 cm.  None of the boreholes located for representative coverage of the property 
contained elevated subsurface radionuclide concentrations.  Boreholes on the western edge of 
the property near the retention pond berm had Ra-226 concentrations ranging from 0.88 to 4.88 
pCi/g.  It is our understanding that these buried materials are still present. 
 
Samples from standing water had elevated gross alpha and beta concentrations.  Two of the 
three samples from the property interior contained elevated gross alpha and gross beta 
concentrations (Figure 11).  However, only one sample, from borehole H8, exceeded 50 pCi/l for 
gross beta; the concentration for gross beta was 63.5 pCi/l.  The water samples also contained 
high concentrations of dissolved solids, which resulted in larger errors than usual for the gross 
alpha analysis.  
 
Sediments collected from the west-central portion of the property did not contain radionuclide 
levels significantly different from the levels in the baseline soil (Figure 11).  Soil sediments along 
the southern edge of the property contained concentrations of U-238 ranging from 3.69-5.68 
pCi/g and Ra-226 concentrations ranging from 0.85-2.25 pCi/g. 
 
Several samples for surface and subsurface water contained radionuclide concentrations 
exceeding EPA interim drinking water standards for gross alpha and/or gross beta.  The Ra-226 


                                                 
6 Based on the NRC regulatory standard of 25 mrem/yr on decommissioned site properties at Maywood and 
Wayne, New Jersey sites; assuming a person resided on the site 365 days a year; for Ra-226 and decay 
products, a roentgen is equal to 0.7 rems. 
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levels were less than the criteria and, after additional sampling, it was determined that 
contamination of the ground water system was not occurring.  Although the contaminated residue 
on small portions of this property exceeded the guidelines established for release of the site 
under restricted use by the general public, under the conditions of use in 1983 the contaminants 
did not pose potential health risks to the public or site workers. 
 
In January, 1989 a post-remedial action report of the vicinity properties was published by Bechtel 
National, Inc7.  However, this report revealed that no remedial action was taken on two 
previously-determined contaminated areas on property E because the contamination was not in 
excess of the generic guidelines.  All of the contamination noted was in the form of small pieces 
of metal or plaster-like chips buried more than 15 cm beneath the ground surface and no 
measured subsurface concentrations of Ra-226 were in excess of 15 pCi/g when averaged over 
a 100 m2 area.  The verification report confirms the findings of the BNI report.  Although it is 
suspected that contamination is beneath the pond berm or in certain sections of the berm, the 
DOE has decided not to perform further investigations until the berm is decommissioned (it has 
not been decommissioned to date).  In the 1989 report, however, it is unclear to which berm DOE 
is referring since there are six ponds on Property E.  In the 1983 survey most of the sampling was 
done on the pond berm on the southwestern part of Property E; we believe that this is the berm to 
which DOE is referring when stating that there is contamination beneath it.  Although property E 
had high radionuclide concentrations in the ORAU report, the 1989 Bechtel report states that 
these high concentrations were not remediated because contamination was not in excess of the 
100 m2 guidelines.  However, because those high points on property E would put the dose in 
excess of 25 mrem/yr we are of the opinion that no part of the property should have been certified 
until those hotspots were remediated 
 
 
Vicinity Property E’ 
 
The current owner of Vicinity E’ is CWM Chemical Services LLC.  This company actively uses the 
central part of this property, which contains several buildings, storage tanks, and drum storage 
pads.  Radiological surveys of this property were conducted in June and July of 1982 and in 
1989.  In 1982, there were still five buildings that remained on-site from previous MED/AEC 
operations.  Much of the following summarizes the ORAU report.8


 
Direct radiation levels on E’ were relatively low, with several levels being below the background 
measurements measured in the NFSS area.  A walkover survey identified several small, isolated 
areas with elevated surface radiation levels.  Exposure rates in contact with these isolated areas 
range up to 470 µR/h with the maximum level at location 13 (Figure 17). Beta-gamma dose rates 
range from 89 to 28,100 µrad/h with the maximum level at location 33 (Figure 17).  ORAU 
determined that only a small portion of the surface dose rate was due to non-penetrating beta or 
low-energy photon radiations.  Because the shielded detector levels were less than 10% of the 
unshielded measurements it is believed that there was a large fraction of the radiation due to beta 
particles.  Although some contact exposure rates were reduced by soil sampling others were 
unchanged or increased following sampling suggesting that contamination at some locations 
extend greater than 15 cm below the surface and/or is diffused.   
 
Radionuclide concentrations in soil from 20 m grid lines had several samples containing Ra-226 
concentrations exceeding those in the baseline soil samples but only three of these samples 
actually exceeded 5 pCi/g above the baseline level, EPA’s regulatory standard, 40CFR192.12(a) 
(Figures 20, 21, and 22).  These samples with Ra-226 concentrations exceeding EPA’s 
regulatory standard also contained elevated U-235 and U-238 concentrations.  At a finer 5 m grid, 
Ra-226 concentrations at the grid line intersections exceeded the maximum levels measured in 
                                                 
7 Kaye, M.E. and Feldman, A.M., Post-Remedial Action Report for the Niagara Falls Storage Site Vicinity 
Properties-1985 and 1986, Bechtel National, Inc., Oak Ridge, TN, January 1989. 
8  Berger (1983). 
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the baseline samples.  Seven samples at this finer grid spacing contained more than 5 pCi/g 
above baseline levels9 (table 2).  Taking biased samples (locations where direct radiation was 
elevated), thirty-two samples contained Ra-226 concentrations above the baseline levels; 
concentrations ranged from 2.53 to 3190 pCi/g for 27 soil samples.  Five of the samples 
contained small pieces of debris with levels of Ra-226 activity too high to permit analysis by 
routine gamma spectroscopy procedures (Table 3).   
 
According to the ORAU report, gamma scintillation measurements indicated contamination is 
confined to the upper 1 m of soil.  This appears to conflict with a memo by the same author, in 
which he states “near grid location 460E, 40N a layer of subsurface contamination was 
found,…approximately 2 feet below the surface and appears to be a blackish deposit about 10 
inches thick.  The layer extends over an area of approximately 30m x 15 m.  A soil sample from 
this layer contained Ra-226 at concentrations in the range of 300 pCi/g.”10  To the best of our 
knowledge, this contamination has not been removed. 
 
None of the boreholes located to provide representative coverage of the property contained 
elevated subsurface radionuclide concentrations (Figures 13, 14, and 15).  Boreholes in areas 
where burials had been previously conducted contained elevated concentrations of Ra-226 with 
the highest concentration 171 pCi/g at a depth of 5 m.  At 1 m the level decreased to 7.51 pCi/g.  
Boreholes in areas with generally elevated radiation indicated Ra-226 contamination at many of 
the drilling locations.  The highest concentration was 954 pCi/g at 0.5 m deep.  Boreholes drilled 
along the section of railroad tracks in property E’ did not contain radionuclide levels differing from 
baseline levels; one sample contained an elevated concentration of Ra-226, 7.54 pCi/g.  Finally 
most boreholes drilled in isolated spots of elevated direct radiation contained less than 3.3 pCi/g 
of Ra-226; the highest sample contained a subsurface concentration of 8.94 pCi/g at the 0.5 m 
depth. It is not clear if any of these materials were removed from E’. 
 
Most of the surface water samples (Figure 16) had gross alpha and gross beta concentrations in 
the range of the baseline levels, although one sample contained a gross alpha of 8.78 pCi/l and 
11.0 pCi/l of gross beta; the same sample also had 0.25 pCi/l of Ra-226.  Most of the subsurface 
water samples from the property interior contained elevated gross alpha and gross beta 
concentrations (Figures 17, 18, 19).  The highest levels were a gross alpha at 920 pCi/l and gross 
beta at 635 pCi/l; this sample also contained 31.6 pCi/l of Ra-226.  This exceeds drinking water 
standards where gross alpha for Ra-226 should not exceed 5 pCi/l and gross alpha for Uranium 
should not exceed 15 pCi/l, 40 CFR 141.26(5).  Subsurface water samples at the railroad tracks 
contained 128 pCi/l of gross alpha, 158 pCi/l of gross beta, and 14.4 pCi/l of Ra-226 (Figure 16).  
This indicates that contaminated materials may have been dropped during transportation or 
unloading operations.  Samples collected from the perimeter of the property had lower 
concentrations, which did not exceed the EPA drinking water standards.  Note that the 15 m x 30 
m contamination region mentioned above had very high radium-226 concentrations in water, 
approximately 20,000 pCi/L in unfiltered samples.  Only filtered samples were reported in the 
ORAU report, possibly accounting for the increased concentrations reported by Berger and the 
difference between the Berger memo and the ORAU report. 
 
The 1982 survey data of vicinity E’ suggest that there are buried radioactive residues11.  In earlier 
decontamination work, buried residues were not removed.  Although there were numerous small, 
isolated areas of direct elevated radiation and surface soil contamination, the average levels of 
contamination over a contiguous surface area of 100m2 resulted in levels below concentration 
                                                 
9 Values in table 1 are an excerpt from table 6 in Berger report of site E’  
10  Memo from J Berger to C Yarbro, ORAU, July 26, 1982. 
11 “Ground penetrating radar was also used to identify subsurface anomalies which might suggest 
buried radioactive residues” (pg 15 of 1982 Berger survey); “Although buried objects were not 
identified by the ground penetrating radar, there are isolated spots and one general area where 
subsurface residues contain Ra-226 concentrations exceeding 15pCi/g and U-238 concentrations 
exceeding 40 pCi/g” (pg 14 of 1982 Berger survey). 
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guidelines, except for the 15 m x 30 m area mentioned above.  The area near the railroad spur 
contained numerous hot spots and exceeded Ra-226 and U-238 concentration criteria.  There 
were no significant radiation levels or surface contamination in the buildings on this property.  
Despite the elevated levels of radiation found on this property, ORAU concluded that there was 
no evidence that migration of the radioactive materials is adversely affecting adjacent properties 
or the groundwater.  It is unclear to us how ORAU can come to this conclusion since water below 
the surface must eventually migrate to the north, off the property. 
 
The 1989 report by Bechtel National, Inc12 states that sixteen areas on property E’ were 
decontaminated and backfilled.  After remediation the average Ra-226 concentration in the soil 
was 2.3 pCi/g, which includes the background concentration of 1 pCi/g.  Therefore, the average 
concentration was only 1.3 pCi/g above the background and well below the guideline of 15 pCi/g 
in soil more than 15 cm beneath the ground surface.  However, there were two areas on property 
E’ that were inaccessible at the time and contaminated.  One area was beneath two PCB storage 
tanks and another was beneath a road.  The contamination in these areas is in a 0.3 m thick layer 
and is approximately 0.6 m beneath the ground surface and is in the form of small white chips, 
with a chemical composition suggesting that they may be lead cake residues.  Concentrations of 
Ra-226 in these chips are above 15 pCi/g but they do not exceed the guideline because when 
averaged over contiguous areas of 100 m2 the concentrations are below 15 pCi/g.  Although 
remedial actions were conducted near these two areas to reduce radiation levels to as low as 
reasonably possible the decision was made to leave the residual contamination remaining under 
the PCB tanks and roadway in place.  The verification report confirms the findings of BNI and 
goes further to state that “continuous occupancy at the location of maximum exposure rate could 
not result in a dose from external radiation in excess of the average criteria of 100 mrem/y above 
background”13.  As we discuss later, 100 mrem/y is not the appropriate standard for uranium fuel 
cycle facilities according to the EPA, and is not the appropriate standard for long-term storage or 
disposal14. 
 
U. S. Army Corps of Engineers Report March 1999 
 
A March 1999 report by the US Army Corps of Engineers (ACE)15, with assistance by SAIC, 
disagrees with the Bechtel analysis concerning residual contamination under the PCB tanks.  In 
early 1994, CWM closed and dismantled the PCB storage tanks, allowing the area previously 
under the tanks to be characterized, including the taking of soil samples.  The area within the 
berm surrounding the former tanks was found to be radioactively contaminated.  Some locations 
showed greater contamination at 0.5 to 1 feet, than at the surface, 0 to 0.5 feet.  The maximum 
concentration was 230 pCi Ra-226 per gram soil.  Areas outside and on the berm were within the 
5 pCi/g Ra-226 guideline set by the EPA. 
 
Based on soil samples and averaging the radioactive soil concentrations within the berm, ACE 
proceeded to determine the likely radiation doses under various exposure scenarios: remedial 
worker, industrial worker and resident.  ACE also evaluated these exposures under four specific 
remedies: no action, cover (1 foot), excavate, and excavate and cover (1 foot).  ACE employed 
RESRAD 5.82 to calculate radiation doses.  The calculated doses under various exposure 
scenarios, assuming no cover, were 52 mrem/yr (current worker), 371 mrem/yr (industrial 
worker), and 1,230 mrem/yr (resident).  For the other three remediation alternatives (cover, 
excavate and dig and cover), the radiation doses within the berm were less than 15 mrem/yr.  
The conclusion is that remediation should take place, but it is not clear any action has occurred 
since the ACE report was prepared, March 1999.  It is clear that it should not have been certified 
                                                 
12 Kaye, M.E. and Feldman, A.M., Post-Remedial Action Report for the Niagara Falls Storage Site 
Vicinity Properties-1985 and 1986, Bechtel National, Inc., Oak Ridge, TN, January 1989. 
13 Berger, J.D. Excerpts from Verification of 1985 and 1986 Remedial Actions: Niagara Falls 
Storage Site Vicinity Properties, Lewiston, New York, Final Report July 1990.  
14 40 CFR 192.32(a)(3)(i) 
15  ACE (1999) 
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in the early 1990s with the other properties.  Also, it is unclear whether certain parts of the 
property said to have high contamination were remediated in the Bechtel remediation (i.e. 30 x 15 
m transect containing 300 pCi/g of Ra-226).  Also, the highest point on property E was still over 
criteria in 1989.   
 
Vicinity Property F 
 
During the time of the survey SCA Chemicals, Inc owned Vicinity Property F.  This particular 
radiological survey on which this memo is based was conducted from April-June of 1983.  The 
property was almost entirely occupied by landfills, salt areas, and waste treatment ponds and 
there were no permanent buildings on the site (Figure 23).  The southwest corner of the property 
was covered by a swamp.  The land was essentially free of brush and weeds.  Although portions 
of this property were used for temporary storage there was no evidence of contaminated waste 
burials.  Although Vicinity F had a great amount of land disturbance there was not a concentration 
of Ra-226 that exceeded EPA’s regulation of 5 pCi/g below 15 cm of the surface for disturbed 
land.  
 
Background exposure rates and baseline radionuclide concentrations in the soil and water were 
typical of those found in that area of New York and encountered in surface soils and water.   
 
Direct radiation levels that were measured at 40 m intervals were generally higher along the 
southern boundary near the southeast corner of the property.  A walkover survey identified two 
areas of elevated direct radiation levels.  Higher radiation levels in these two areas were believed 
to be due primarily to the presence of fly ash, which was a substance mixed with chemical wastes 
prior to disposal.  Ten additional isolated locations of elevated contact radiation levels were noted 
with exposure rates ranging from 14 to 2900 µR/h (Figure 24).  The locations of elevated contact 
were well above 4 µR/h, which is roughly equivalent to NRC’s standard of 25 mrem/y.16   At one 
grid location surface soil sampling was effective in greatly reducing the radiation level, however 
several other grid locations of soil sampling did not significantly change exposure rates; this 
indicated contamination extended more than 15 cm below the surface and was diffused.  Many of 
these areas were located near the main roads suggesting spillage of small quantities of residues 
or wastes from containers during transportation, loading and unloading, or temporary roadside 
storage. 
 
The surface soil samples showed that Ra-226 concentrations were in the range of the baseline 
samples with only a few exceptions for the samples collected around the scope of the area.  
However, all samples in the areas of elevated contact contained elevated concentrations of Ra-
226 with the highest samples containing small chips of lead cake residue having Ra-226 levels of 
20 pCi and 2.8 pCi.   
 
Borehole measurements (Figure 25) did not help to identify evidence of subsurface 
contamination.  None of the soil samples from boreholes contained Ra-226 or other gamma 
emitting radionuclides outside the ranges determined in baseline soil. 
 
Most of the surface water samples contained gross alpha and gross beta concentrations greater 
than those in the baseline water samples.  All of the samples contained high concentrations of 
dissolved solids adversely affecting the detection sensitivities of the gross alpha procedure.  It 
was found that the maximum Ra-226 concentration was 1.47 pCi/l, which is well below the EPA 
interim drinking water standard of 5 pCi/l, specified in 40 CFR 141.66 (Figure 26).   
 


                                                 
16 Based on NRC regulatory standard of 25 mrem/yr on a decommissioned site properties at Maywood and 
Wayne, New Jersey sites; for every Roentgen  there are approximately 0.7 rems. 
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Berger et al17 concluded that elevated radiation levels on the southern portion of the property 
were primarily due to the residues, containing Ra-226, stored in the water tower on the adjacent 
DOE site.  However, the maximum level of µR/h is still within the NRC guideline for unrestricted 
areas.  Although isolated surface areas had Ra-226 soil contamination exceeding 5 pCi/g, an 
average over an area of 100 m2 would still be within the acceptable criteria.  Finally, according to 
Berger, there is no evidence that migration of the radioactive material is adversely affecting 
adjacent properties or the ground water. 
 
A January 1989 post-remedial action report18 of the vicinity properties stated that a small area on 
Property F was decontaminated and backfilled.  The average Ra-226 concentration in the soil 
samples after remediation was only 0.8 pCi/g, which was below the background levels.  
Therefore, the remedial action guideline was met.  In Figure 26, the part of Property F that was 
excavated is circled.  However, in that figure there are also areas that were above EPA criteria in 
the 1983 survey of the site.  These areas were not mentioned as having been decontaminated or 
excavated in the 1989 report.  It is unclear from the reports whether or not the other above-criteria 
areas on Property F have been cleaned. 
 
In 1989 ORAU verified several vicinity properties of the NFSS site19.  Vicinity property F was one 
of the properties verified at the time.  Therefore, according to DOE, F is in compliance with the 
standards and guidelines applicable to the remedial actions at NFSS.  However, although 
property F had very little contamination on it, the highest point on the property that brought it over 
criteria in the ORAU survey was not mentioned as being remediated in the 1989 Bechtel survey.  
Therefore, it should have not been verified until it was clear that said point was remediated. 
 
Vicinity Property G 
 
Vicinity Property G is a rectangular (409m X 293m) tract of the LOOW site which occupies an 
area of 12 hectares (Figure 27). It is bordered on the north by M Street, Castle Garden Road on 
the east and Campbell Street on the west with the Niagara Falls Storage Site forming its southern 
boundary (See Figure 28).  The original construction of the Lake Ontario Ordnance Works TNT 
plant in 1942, did not result in any surface development of the area now designated Vicinity 
property G, it being located between the nitration area of the LOOW TNT plant to the north and 
the acidification area to the south. Following on from the closure of the TNT operation in 1943 the 
area was used for the disposal of radiological waste. Documents indicate that the University of 
Rochester began using the LOOW site as a disposal site for its radiological waste as early as 
1944 20 21.  A 1953 memo refers to most of the buried waste being dead animals (area 3, Figure 
28) from the University of Rochester, polonium (area 2, Figure 28) and sizeable quantities of 
debris from Linde and Electromet (area 1, Figure 28) 22. 
 


                                                 
17  Berger, J.D. Off-Site Property F Niagara Falls Storage Site, Lewiston, New York, Final Report February 
1984  
18  Post-Remedial Action Report for the Niagara Falls Storage Site Vicinity Properties – 1985 and 1986. 
January 1989. Prepared for United States Department of Energy, Oak Ridge Operations Office under 
contract No. DE-AC05-81OR20722 By M. E. Kaye and A. M. Feldman, Bechtel National Inc. Oak Ridge, 
Tennessee. Bechtel Job No. 14501. 
19 Certification Docket for the Remedial Action Performed at the Niagara Falls Storage Site Vicinity 
Properties in Lewiston, New York, from 1983 through 1986, Department of Energy Former Sites Restoration 
Division Oak Ridge Field Office, July 1992. 
20 Memorandum from F. Epp, Tonawanda Area to J. S. Quidor, Director, Office of Administrative Operations, 
New York. “Disposition of Contaminated Scrap.” May 11, 1948. 
21 Memorandum from Gordon Boyd to Task Force Staff, New York State Assembly, “Sources of Cesium 
Contamination/University of Rochester Virtually Ruled Out, Manhattan Project Records Lost.” June 26, 
1980. 
22 Memorandum to W. B. Harris from Paul B. Klevin, “Disposal of Surplus Land at LOSA”. May 28, 1953. 
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In late 1952 the US military made a request to use a portion of the AEC site, south of Balmer 
Road; this area included Vicinity Property G.  A radiation survey carried out in July 195323 found 
the property to be contaminated and in need of cleanup.  It was decided Hooker Electrochemical 
would conduct the remediation effort24.  In the course of this clean-up, technical assistance was 
requested25 which resulted in another radiation survey being carried out in October 195426; the 
survey concluded that sources of waste exceeded the permissible level and recommended a 
number of further remediation actions.  All burials of contaminated wastes were to be accurately 
recorded and the information passed to the U. S. Navy and any future land owners.  A further 
radiation survey was carried out in April 1955 to verify that the remediation efforts were 
satisfactory27.  The survey found further remediation of the area was required, which was 
subsequently carried out by Hooker personnel28. 
 
In 1966 Vicinity Property G was sold to the Fort Conti Group, as part of a 614 acre purchase.  No 
information was provided to the new land owner of the location of radioactive burials on the 
property.  Subsequently in 1970 an AEC radiological survey on its adjacent Niagara Falls Storage 
Site revealed areas of the AEC property that were radioactively contaminated.  A series of spot 
checks on the surrounding properties revealed that elevated radiation was present on these 
areas, now in private ownership, as well.  This “rediscovery” by the AEC of contamination on 
private property was subsequently confirmed by a series of surveys. These surveys revealed 
several areas of private property where radioactivity exceeded the limits for uncontrolled release 
of land to the public.  Efforts were made to remediate several areas including Vicinity Property 
G29 30 31 32. 
 
Between 1979 and 1980, following public concerns about the storage of radioactive residues at 
the NFSS site, a comprehensive survey of the 191 acre tract and the Central and West Drainage 
ditches, both on and off site, was carried out by Battelle Laboratories, Columbus, Ohio.  The 
survey identified areas of the NFSS site, along with the ditches, which were still contaminated in 
spite of the previous 1972 remediation by the AEC.  This unexpected finding called into question 
the previous remediation carried out by the AEC on the adjacent private property, which included 
Vicinity Property G.  Detailed reviews of past findings were carried out to help address the issue 
and identify which properties would require further remediation. 33 34


                                                 
23 Memorandum from Merril Eisenbud, Director Health and Safety Division to J.S. Quidor, Director, Admin. 
Oper. Div., THRU Virginia C. Duncombe, Asst. General Counsel. “Radiation Survey of Contaminated Scrap 
and Waste Buried or Stored at LOSA, Model City, New York. July 10, 1953. 
24 Memorandum from F. W. Malone, Administrative Officer, Cleveland Area to files.” Health & Safety Meeting 
Between Hooker, NYOO & Cleveland.” September 17, 1953. 
25 Memorandum from C. W. Showalter, Site Representative, Cleveland Area, Niagara Falls site to W. B. 
Harris, Chief, Industrial Hygiene Branch, New York Health & Safety Laboratory. “Radioactive contaminated 
Material”. September 24, 1954. 
26 USAEC New York Operations Office, “Location and delineation of Radioactivity Mathieson-Navy Area” 
November 2, 1954. Health and Safety Laboratory. 
27 Visit Report by P.B. Klevin, Industrial Hygiene Branch, Health & Safety Laboratory, NYOO to W. B. Harris, 
Chief, Industrial Hygiene Branch, Health & Safety Laboratory, NYOO. “Niagara Falls Site, Model City, New 
York –Visit of April 26-27, 1955. 
28 Letter to F. W. Malone, Site Representative, Niagara Falls Site from A. P. Walker, Dept. Head, Plant 31, 
Hooker Electrochemical Company. “Clean-up of radioactive waste deposits in Olin-Mathieson-Navy Area.” 
July 15, 1955. 
29 Letter from W. A. Johnson, AEC Health and Nuclear Safety Branch to Wiley A. Johnson, Chief AEC 
Health and Nuclear Safety Branch, “Radiation Survey of LOOW Site, October 1970”, October 26, 1970. 
30 “Notes on Radiation Survey of LOOW Site”, – October 12- 16, 1970. 
31 “Radiation Survey and Decontamination Report of the Lake Ontario Ordnance Works Site, 1972”. US 
Atomic Energy Commission, Oak Ridge Operations. 
32 “Lake Ontario Ordnance Works, Niagara Falls Site. January 15, 1971”. AEC Report. 
33 “Background Report and Evaluation of Resurvey Requirements for the Former atomic Energy 
Commission Portion of the Lake Ontario Ordnance works.” August 1980. Environmental and safety 
engineering Division, Office of Environment, U.S. Department of Energy, Washington D.C. 20545. 
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A comprehensive radiological survey of Vicinity Property G was carried out by Oak Ridge on 
behalf of the DOE in April through June 1983.35 The survey identified several areas on the 
property which required remediation.  Forty five areas were decontaminated and backfilled on 
Vicinity property G, according to the post-remedial action report. 36 Verification of the remediation 
work carried out on Vicinity Property G was carried out between 1986 and 1987 and documented 
as being satisfactory apart from that area of Vicinity Property G, where testing could not take 
place owing to the presence of CWM’s facultative ponds 1 and 2.37 Documents contained in the 
subsequent certification docket for the NFSS Vicinity Properties suggest there was some 
confusion as to the certification status of Vicinity Property G.38  This may have been compounded 
by the unexpected discovery of buried radioactive drums on the property in August 1986.39  The 
survey done on Property G in 1983 was not comprehensive, failing to address the drum burial in 
the southern section of the property, which was later found during the verification process.  This 
indicates that the entire property may need to be surveyed again for surface and subsurface 
contamination.  This is especially true since CWM has proposed to upgrade the storm water 
system, which would involve the modification of the ditch that runs along the northern edge of 
property G (Figure 28); this ditch is just to the north of facultative ponds 1 and 2, which may mean 
there could be a potential contamination issue. 
 
Following on from the DOE work in the 1980s, USACE again reviewed Vicinity Property G in 
response to community concern over the potential existence of a contaminated animal burial site 
on the LOOW.  As part of this review, a number of historical aerial photographs were examined.40 
The USACE investigation also involved the use of electromagnetic surveys.41 The investigation is 
detailed in a USACE hand out42 and a comprehensive fact sheet, dated April 2004.43


 
In January 1989 Bechtel National, Inc stated in its post-remedial action report that forty-five areas 
on Property G were decontaminated and backfilled.  After remediation the average Ra-226 
concentration was 1.1 pCi/g above background, which is well below the guideline of 15 pCi/g of 
                                                                                                                                                 
34 “Background and Resurvey Recommendations for the Atomic Energy Commission Portion of the Lake 
Ontario Ordnance Works.” November 1982. Prepared for Public Safety Division, Office of Operational 
Safety, Assistant Secretary for Environmental Protection, safety and Energy Preparedness, U.S. 
Department of Energy by Environment and Conservation Directorate, Eastern Technical Division, The 
Aerospace Corporation, Washington D.C. Contract No. DE-AC01-82-EP15100. 
35 “Comprehensive Radiological Survey, Off-site Property G, Niagara Falls Storage Site, Lewiston, New 
York.” Prepared for US DOE as part of Formerly Utilized Sites- Remedial Action Program. J. D. Berger, Oak 
Ridge. Final Report, April 1984. 
36 “Post-Remedial Action Report for the Niagara Falls Storage Site Vicinity Properties – 1985 and 1986”. 
January 1989. Prepared for United States Department of Energy, Oak Ridge Operations Office under 
contract No. DE-AC05-81OR20722 By M. E. Kaye and A. M. Feldman, Bechtel National Inc. Oak Ridge, 
Tennessee. Bechtel Job No. 14501. 
37 Excerpts from “Verification of 1985 and 1986 Remedial Actions Niagara Falls storage Site Vicinity 
Properties Lewiston, New York by J. D. Berger. Environmental Survey and Site Assessment Program, 
Energy/Environment Systems Division.  Final Report July 1990. 
38 Excerpts from “Certification Docket for the Remedial Action Performed at the Niagara Falls Storage Site 
Vicinity Properties in Lewiston, New York, from 1983 through 1986.” Department of Energy, Former Sites 
Restoration Division, Oak Ridge Field Office, July 1992. 
39 Response by S. W. Ahrends, Director, Technical Services Division, DOE, Oak Ridge Operations to Ted 
Gable, Air and Waste Management Division, EPA. “Excavation of Drums From Vicinity Property G 
40 “Former Lake Ontario Ordnance works, NY. Examination of Historical aerial Photography – Selected 
Sites”. Final Report, September 2002. Prepared for the US Army Corps of Engineers, Buffalo District, New 
York by US Army Topographic Engineering Center, operations Division, Hydrologic & Environmental 
Analysis Branch, 7701 Telegraph Road, Alexandria, Virginia 22315-3864. 
41 “Gamma Walkover survey and Geophysical Survey” Continued Remedial Investigation, Characterization 
Report” May 30, 2003. Prepared for US Army Corps of Engineers, Niagara Falls Storage Site (FUSRAP) by 
Science Applications International Corp. (Dublin, Ohio) Chapter 14: Vicinity Property G. 
42 “Vicinity Property G (VPG) Update to LOOW RAB”, Monday, March 1, 2004. 
43 FUSRAP fact sheet “Former University of Rochester Burial Area Investigation, Vicinity Property G (VPG) 
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Ra-226 in soil 15 cm beneath the ground surface.  U-238 concentrations exceeded 44 pCi/g in 
two samples.  Soil samples in locations contiguous to one of the samples indicated that the 
average concentration of U-238 over 100 m2 was 30 pCi/g, which is within the remedial action 
guidelines.  However, the other sample exceeding 44 pCi/g of U-238 met the hot spot criterion44; 
it is unclear from the report whether actions were performed to clean up the ‘hot spot’.  The report 
goes on to state that all of Property G was cleaned up in 1986 except for one small area 
containing several buried drums.  After one drum was removed and analyzed it was found that its 
contents were radioactively contaminated and may have been used to store K-65 residues.  In 
1987 the area of the drums was excavated.  Thirty-one additional drums were removed and 
placed in over-packs and ninety drums of soil contaminated with material from the original drums 
were also removed from the property.  It seems that the areas containing contaminated metal and 
animal carcasses, areas 2 and 3, (see Figure 28) respectively, were decontaminated from the 
1985/1986 remediation of the property.  The verification reports recommend an evaluation of the 
surface beneath the pond on the eastern portion of the property, area 1, once the pond is 
removed from service.  There is potential for contamination in this area since the former Linde 
Scrap Yard facility was located on a portion of the site covered by the pond and the pond was 
inaccessible (Figure 28). 
 
In 1989 ORAU verified several vicinity properties of the NFSS site.  Vicinity property G was one of 
the properties verified at the time.  However, in a 1992 letter it states that the verification was only 
meant for the areas on the property that were remediated at the time and met guidelines but it did 
not mean that the entire property was verified for release.  This letter is referring to the soil 
beneath the liquid treatment pond on the eastern edge of property G.45  
 
Vicinity Property H 
 
There has been no history of contaminated waste burial on Vicinity H.  However, temporary 
storage or spillage may have occurred along the railroad tracks near its southern boundary and 
along Wesson Road, I Street, and 5 Street.  (See Fig. 29)  Previous surveys identified spotty 
contaminated and elevated direct gamma levels along portions of the boundary roads and interior 
areas of the site.  There were some above background conditions in certain areas of the property 
but these were believed to be of natural origin and not from previous MED/AEC activities.  When 
the survey was conducted in 1983 the property was not in use and was partially overgrown with 
brush and trees, especially in its northwest corner.  Several small deteriorated structures, 
concrete pads, and foundations of buildings previously demolished, as well as building rubble and 
debris were located on different portions of the property.   
 
Direct radiation levels from 20 m grid intervals at 1 m above the surface ranged from 5-22 µR/h 
while contact gamma rates and beta-gamma rates were 5-27 µR/h.  A walkover of the property 
identified several small, isolated surface areas with elevated radiation levels (Figure 32).  Surface 
gamma exposure rates ranged from 17-150 µR/h and exposure rates at 1 m above the surface 
ranged from 10-29 µR/h; almost all of these exposure rates exceeded NRC’s dose rate of 4 µR/h 
even after background was subtracted.  Measurements from a detector that was shielded and 
unshielded indicated that a small portion of the surface dose rate was due to non-penetrating  
beta or low-energy photon radiations while a very large portion of the surface dose was due to 
high energy, penetrating photon radiations.  Surface soil samples measured from 20 m grid 
intervals contained elevated levels of Ra-226 but less than 3% of these samples contained levels 
greater than 5 pCi/g above the baseline level.  However, the concentrations that did exceed 5 
pCi/g above the baseline level were high.  Concentrations of Ra-226 ranged from 5.23-865 pCi/g.  


                                                 
44 “Hot spot criterion is determined by multiplying the remedial action guideline for the respective 
radionuclide by a factor of (100/A)1/2, where A is the area of the hot spot” (Kaye and Feldman, 1989) 
45 Certification Docket for the Remedial Action Performed at the Niagara Falls Storage Site Vicinity 
Properties in Lewiston, New York, from 1983 through 1986, Department of Energy Former Sites Restoration 
Division Oak Ridge Field Office, July 1992. 
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In most of the other samples there were elevated concentrations of U-238.  The samples also 
indicated that the elevated direct radiation levels were associated with building rubble (Figure 33). 
 
Gamma scintillation measurements indicated contamination in the property is confined to the 
upper 30 cm of soil.  Although gamma count rates were reliable indicators of elevated subsurface 
radionuclide levels the data was not useful in quantifying radionuclide concentrations in the 
subsurface soils because of varying ratios of Ra-226, U-235, U-238, Th-232, and Cs-137 
occurring in soils from the site.  Six boreholes that provided a representative coverage of the 
property had radionuclide concentrations in the range of the baseline levels.  The boreholes 
drilled over the area identified as having elevated levels from the walkover survey contained 
elevated concentrations.  The highest were of Ra-226 (21.4 pCi/g) and U-238 (14.7 pCi/g) at a 
depth of 0.5m (Figure 30).   
 
All of the surface water measurements (Figure 31) were within the EPA drinking water standards 
of 15 pCi/l of gross alpha and 50 pCi/l of gross beta.  However subsurface water measurements 
contained elevated levels of radiation ranging from 1.09-12.3 pCi/l of gross alpha and 1.5-14.8 
pCi/l of gross beta.  Those measurements also had high concentrations of dissolved solids, which 
increased the errors in the alpha concentrations. 
 
Researchers concluded that most of the elevated levels of radiation in surface soil were 
attributable to a form of crushed rock, which is believed to be a chemical processing material 
commonly used in the Niagara Falls areas as a fill and paving base.  Therefore, they did not 
attribute the elevated levels to past waste handling and storage activities at NFSS.  There were 
also individual pieces of rock-type material with elevated levels of radiation that were probably 
associated with MED/AEC operations but the report claims that only one area of contamination 
actually remains on the property.  Finally, because surface and subsurface water samples did not 
contain concentrations exceeding EPA drinking water standards, Boerner concluded that 
contamination of groundwater would not occur or was not occurring at the time. 
 
Vicinity Property H’ 
 
On the eastern portion of property H’ there had been suspicions that waste incinerator operations 
were performed on a pad of the site before 1954.  A survey from 1971-72 identified radiation 
levels of 20-50 µR/h.  As a result of that finding contaminated scrap was removed from the site.  
In 1978 an aerial radiological survey did not identify significant gamma radiation levels on the 
property, but a  mobile scan of accessible roads, conducted in 1980, confirmed the earlier 
findings; elevated radiation levels were found along M Street, Wesson Road, and 5th Street.  The 
land on property H’ is level except for areas with drainage ditches near the center of the property 
and low areas or shallow depressions south of the railroad track and scattered locations 
throughout the site (Figure 33).  Because some areas of the vicinity are below the level of 
adjacent properties that indicates that there may have been surface excavation; most of these 
low-lying areas were covered by water at the time of the survey.  SCA Chemical Services, Inc 
owned the property when the survey was conducted in June and July of 1982; the company was 
not using the property at the time of the survey. 
 
Gamma exposure rates at 1 m above the surface ranged from 0.2-18 µR/h and surface contact 
rates ranged from 5.7-22 µR/h.  According to NRC’s standards on decommissioned properties, 
dose rates should be approximately 4 µR/h.46   Only a small portion of the surface dose was due 
to non-penetrating or low-energy photon radiation, indicated by measurements performed with 
the shielded and unshielded detector.  A walkover of the property identified small, isolated areas 
with elevated surface radiation levels (Figure 37).  Exposure rates increased following soil 
samples indicating that contamination extends greater than 15 cm below the surface and that it is 
diffused.  Direct radiation levels at grid line intersections were generally higher on the 
                                                 
46 Based on NRC regulatory standard of 25 mrem/yr on a decommissioned site properties at Maywood and 
Wayne, New Jersey sites; for every roentgen there are approximately 0.7 rems. 
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southeastern and eastern portion of the site and along ‘M’ Street and 5th Street; such findings 
coincide with the survey conducted in 1980 indicating elevated levels of radiation along M Street, 
Wesson Rd, and 5th Street.   
 
Measurements of the surface soil concentrations of radionuclides were from the grid line 
intersections on the property and selected locations of elevated radiation levels.  Samples from 
the grid lines contained concentrations of Ra-226 ranging from 0.51-15.7 pCi/g; half of these 
samples contained Ra-226 concentrations exceeding those in the baseline soil samples.  Several 
samples also contained elevated U-235 and U-238 concentrations.  All 21 of the surface soil 
samples contained Ra-226 concentrations above those in the baseline samples.  The highest Ra-
226 concentration was 1750 pCi/g, which was sample B6 located near the southeast corner of 
property H’ (See Fig. 34). 
 
Out of 6 boreholes taken on the outer edges of the property only one borehole, H3, located on the 
southwestern edge of H’, contained elevated levels of radionuclide concentrations (Figure 35).  
However, most of the boreholes taken at locations where the walkover survey identified probable 
surface contamination contained elevated levels of Ra-226 concentrations, with a maximum 
concentration of 18.1 pCi/g in borehole H8 (Figure 35). 
 
Surface water samples (Figure 36) contained gross alpha and gross beta concentrations above 
baseline levels but well within the EPA drinking water criteria of 15 pCi/l and 50 pCi/l, 
respectively.  Subsurface waters also contained above-baseline gross beta and gross alpha 
concentrations. 
 
Although ground penetrating radar suggests buried radioactive residues on the southeastern 
portion of the property (Figure 38), the researchers of this survey concluded that there was no 
evidence that migration of radiation materials was adversely affecting adjacent properties or 
groundwater.  Despite such a conclusion Bechtel National, Inc.47 reported that the large, 
contaminated area on property H’ was decontaminated and backfilled.  Following the 
decontamination, soil sample analyses indicated that the remedial action guideline was met with 
an average Ra-226 concentration of 1.9 pCi/g, which included the background concentration of 1 
pCi/g.  Although five soil samples exceeded the guideline of 15 Ci/g a review of these samples at 
their five locations indicated that concentrations averaged over 100 m2 were less than 15 pCi/g.  
Hence, the remedial action guideline was met throughout the decontaminated area on H’.  
However, although the average radionuclide concentration on property H’ yields a small dose, the 
highest concentration on H’ yields a dose ten times that of 25 mrem/yr.  Therefore, in our opinion, 
believe this property should not have been verified until the high points were remediated 
 
 
Central Drainage Ditch 
 
The central drainage ditch (CDD) originates on the NFSS property and flows northward through 
vicinity properties S, T, U, V, and P before exiting the LOOW site, crossing Lutts Rd and finally 
ending at Fourmile Creek, which discharges into Lake Ontario.  We focus on radioactive 
contamination of the part of the central drainage ditch that flows from M street, the northern 
boundary of NFSS, to Balmer Road, the northern boundary of properties P and V.  (See Figure 
39.)  We also discuss the part of the CDD lying west of Lutts Road, from 1500 feet west of Lutts 
Road to Four Mile Creek, that has never been excavated.  As we discuss below, the 
northernmost part of the CDD, past Lutts Road, is contaminated and was never remediated.  
Properties along the CDD are owned by several different entities.48


                                                 
47 Bechtel National, Inc., Post-Remedial Action Report for the Niagara Falls Storage Site Vicinity 
Properties—1983 and 1984, Lewiston, New York, December 1986 
48 Properties located along the CDD owned by the Somerset Group, Inc, New York Army National Guard, 
Mr. Roderick T. Tower, Mr. George J. Wolf, Mr. Richard Kahl and Robert Hille, Town of Porter, and Niagara 
Falls County. 
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The CDD is 10 feet to 15 feet deep and up to 40 feet wide and drains a good part of the NFSS 
site and vicinity properties.  It is not clear how the ditch became contaminated, either through 
surface water runoff from contaminated areas, or underground seepage.  It was decontaminated 
in the early 1970’s to guidelines applicable at the time, but not to present-day guidelines. 
 
A table from a report believed to be from the 1971-1972 survey49 shows that 18,000 ft2 of the 
CDD was decontaminated and not backfilled.  During this excavation of contaminated soil from 
NFSS property line to 1500 feet west of Lutts Road, the upper 14 inches of soil was removed 
from the ditch and banks.  Excavated soil was placed in the Waste Contaminant Facility of the 
NFSS property.  Before excavation the maximum direct gamma dose rate was 650 µR/h and after 
excavation it was 120 µR/h.  Although this was a drastic reduction in radioactivity this dose rate 
was still very high.  It is not claimed that anyone is living in the CDD, but as a guide, this implies 
potential yearly doses greater than 700 mrem/yr. This exceeds the allowable radiation dose of 
100 mrem/yr from an operating nuclear facility or 25 mrem/yr from a decommissioned facility. 
 
A 1980 background report50 goes into some details about the contamination on properties S, T, 
U, and V51, through which the CDD passes.  On property S, areas at the ditch bank indicate 
gamma activity as high as 120 µR/h.  Although an area in the northern section of property S 
underwent decontamination in 1972, gamma levels there remained as high as 45 µR/h.  The 
CDD remained contaminated after the 1972 decontamination of property T, with the primary 
locations of elevated direct gamma contamination near culverts from L street to I street.  There 
were also elevated gamma levels along the railroad track and along Wesson Street.  (See 
Figures 40-44)  Areas in the west-central, northwestern, and northeastern sections did not meet 
the 20 µR/h guidelines even after 1972 cleanup operations.52  On property U the CDD and the 
area to the west remained contaminated with a gamma activity dose rate of 45 µR/h.  There was 
also spotty contamination along H Street and east of Wesson Street and the intersection of H and 
5th Streets with gamma activity up to 50 µR/h.  Finally, the part of the CDD on property V had 
gamma activity as high as 60 µR/h.  Elevated gamma activity was also detected along Wesson 
Street and one unnamed east-west street.   
 
A January 1989 remedial action report53 states that there were 37 areas on property T that were 
excavated and backfilled.  A diagram showing the locations of the 37 areas shows that most of 
the excavated areas surrounded the CDD and the Western Drainage Ditch, which intersected on 
property T.   In a December 1986 remedial action report54 properties’ S, U, and V had areas on 
them that were decontaminated.  Property S had a small area on its eastern border excavated 
and backfilled, while properties’ U and V had a combination of 8 areas remediated and backfilled.  
Of the areas decontaminated and backfilled on those properties it is unclear from the report 
whether or not the areas mentioned in the 1972 report surrounding the CDD on those properties 
were also decontaminated and backfilled.   
 


                                                 
49 Although there are no dates on the tables, specific details from these tables are referred to in the 1980 
background report, which says its information is from the 1971-1972 survey.  Oak Ridge Operations, U.S. 
Atomic Energy Commission, Radiation Survey and Decontamination Report of the Lake Ontario Ordinance 
Works Site, Oak Ridge, TN, January 1973. 
50 Vierzba, E. A. and Andrew Wallow III, A Background Report and Evaluation of Resurvey Requirements for 
the Former Atomic Energy Commission Portion of the Lake Ontario Ordinance Works, The Aerospace 
Corporation, Germantown, MD, August 1980 
51 Although the CDD runs to the east of property P, the 1980 report states that no contamination from the 
CDD was detected on property P. 
52  The 20 µR/h or 170 mrem/y guideline in 1972 is now 25 mrem/y for decommissioned properties. 
53 Kaye, M.E and A.M. Feldman, Post-Remedial Action Report for the Niagara Falls Storage Site Vicinity 
Properties—1985 and 1986, Bechtel National Inc., Oak Ridge, TN, January 1989. 
54 Bechtel National Inc,  Post-remedial Action Report for the Niagara Falls Storage Site Vicinity Properties-
1983 and 1984, Lewiston, NY, Oak Ridge, TN, December 1986. 
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However, the December 1986 remedial action report55 does state that the CDD was 
decontaminated from the northern boundary of the NFSS property to a location 1500 feet west of 
Lutts Road.  Soil sample analyses in this report show that the average concentration of Ra-226 
was 1.2 pCi/g above background, which is below the remedial action guideline of 5 pCi/g above 
background.  However, of the 1750 sediment samples collected within the ditch, 101 of them 
exceeded 5 pCi/g above the background levels.  Each of these results were evaluated using 
contiguous soil samples and near-surface gamma measurements to determine the average 
concentrations per 100 m2 of surface soil as required by USEPA guidelines.  The report mentions 
that after this evaluation seven areas were identified where the average Ra-226 concentration still 
exceeded the 5 pCi/g guideline but was less than 15 pCi/g.  It is unclear why the 15 pCi/g 
guideline is mentioned in this section, since that is the guideline applicable to contamination 
below 15 cm.  It is important to mention that if the land is disturbed so that the soil below 15 cm is 
brought to the surface, the 5 pCi/g guideline should apply.  Hence, because the land surrounding 
the Central Drainage Ditch has been disturbed for previous excavations and not backfilled, we 
are of the opinion the 5 pCi/g guideline should apply for the CDD. 
 
The Bechtel (1986) report also states that the most realistic scenario of human exposure to 
radiation from the ditch would assume that a house was built beside the ditch on sediment 
dredged from the bottom of the ditch and spread along the bank.  This was the scenario deemed 
best for the purpose of developing a specific remediation guideline for the ditch.  Based on this 
scenario, the guideline was set to 20 pCi/g above background as the maximum permissible 
concentration of Ra-226 in soil in the CDD.  The Bechtel (1986) report assumed mixing of 
contaminated and uncontaminated soil.  The computed yearly gamma dose was 1.1 mrem/yr.  
Hence, under this guideline the report states that the resulting radiation dose from this scenario 
would be less than the DOE radiation protection standard of 100 mrem/yr.  The problem is that 
100 mrem/yr is a standard that is used for operating facilities.  However, the vicinity properties 
discussed in this memo have been decommissioned and released for private development.  For 
decommissioned facilities, USACE has used the NRC regulatory standard, 25 mrem/yr, at 
Maywood and Wayne, New Jersey Sites.  Since the NFSS site and vicinity properties are closed, 
the 25 mrem/yr guideline should apply. 
  
A more fundamental problem is that the calculations are wrong.  The Bechtel calculations take 
into account thorium-230 and radium-226 and ignore the decay products, such as bismuth, 
polonium and lead.  As seen in the attached Table 4, the most important radionuclides are Bi-214 
and Pb-214 (99.7% of the direct gamma dose) and these radionuclides appear to be ignored by 
Bechtel.  The direct gamma yearly dose for an adult that we calculate in Table 4 for the exposure 
scenario is approximately 57.6 mrem/yr.  Since the table itself is somewhat cryptic, a discussion 
of the table appears in Appendix A.  The direct gamma calculation is under the assumption an 
adult is exposed 365 days per year, but ignores other pathways, such as gardens, milk and meat 
ingestion, and incidental soil ingestion.  Since a child’s organs are closer to the ground, the 
NCRP has recommended that the direct gamma dose be increased by 30% for children.  Thus, 
the radiation doses could potentially be greater.   
 
Our conclusion is that at least the unexcavated portion of the CDD must be decontaminated since 
our calculated dose of 57.6 mrem/y (see Table 4) exceeds the 25 mrem/y guideline.  Further, all 
sections of the previously excavated section of the CDD, from 1500 feet past Lutts Road down to 
the NFSS property line, where the Ra-226 concentrations exceed 5 pCi/g should also be 
decontaminated. 
 


Quantitative Analysis 
 


                                                 
55 Ibid 
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In this section of the report we determine the exposure to the concentrations of radionuclides on 
the vicinity properties and compare the doses to the 25 mrem/yr EPA standard56 before and after 
their release.  Since 1983, EPA regulations require that radiation doses due to the uranium fuel 
cycle be less than 25 mrem/y.  To carry out this analysis, we used DOE’s software RESRAD 6.3 
to analyze data from the 1984, 1986, and 1989 surveys of the various vicinity properties and the 
CDD discussed in this report.  
 
Data Collection 
 
We collected data from each of the surveys performed on these properties during the 1980s.  We 
did a separate dose analysis for each of the three years the surveys were conducted.  Although a 
large portion of each vicinity property was below the regulatory limits, we focused on sections of 
each vicinity property that do not appear to be properly certified, that is, the concentrations led to 
calculated doses that appear to be above regulatory limits.  In our view, if a part of a vicinity 
property exceeds regulatory limits, then the entire vicinity property should not have been certified.  
From our analysis we produced a range of doses for each of the vicinity properties, which will be 
discussed later.  All of the vicinity properties we discuss in this report had a 1984 survey; the only 
area that did not have a 1984 survey was the CDD.  However, because the CDD runs through 
and adjacent to properties’ P, S, T, U, and V, an analysis of contamination on these properties 
seemed sufficient for that time period. 
 
The 1986 survey analyzed the unexcavated and excavated portions of the CDD as well as 
properties’ H’, S, U, and V.  From these surveys we gathered the lowest and highest values from 
the data points obtained from samples of the excavated portions of the properties for our 
RESRAD analysis.  Therefore, we have a range of direct gamma doses in mrem/yr that would be 
received by a resident per year for each of the surveyed properties and the CDD. 
 
Finally, the 1989 survey analyzed properties’ D, E’, F, G, P, and T.  We collected the data from 
this survey the same way we collected it from the 1986 survey.  Hence, we also have a range of 
direct gamma doses in mrem/yr that would be received by a resident per year for each of those 
properties.  The data that we employed is listed in Tables I, II, III, and IV. 
 
Methods 
 
Because the properties have been released for unrestricted development, we assumed the 
scenario of a person residing on the property, with a garden.  This is the standard farmer-resident 
scenario and yields the highest dose.  When entering the data into RESRAD we assumed all of 
the pathways, except radon, were available.  Radon was excluded, since it is not part of the 25 
mrem/yr EPA regulation.  The pathways we include are external gamma, inhalation, plant 
ingestion, meat ingestion, milk ingestion, drinking water, and incidental soil ingestion.  Inhalation 
and drinking water do not give a significant dose; therefore, the doses we included from RESRAD 
are direct gamma and plant, meat, milk, and incidental soil ingestion.  We used data that were 
available, but otherwise retained RESRAD default values.  The data we inputted were the soil 
concentrations, the square meters of the contaminated zone, the thickness of the contaminated 
zone, irrigation mode, and the hydraulic conductivity value.  We chose a range for values for the 
soil concentrations, inputting the highest and lowest concentrations observed in soil samples from 
the hotspots on the properties when they were being surveyed before and after remediation.   
 
The radionuclide soil concentrations varied by vicinity property.  We only recorded concentrations 
for the two main radionuclides mentioned throughout the surveys: Ra-226 and U-238.  RESRAD 
inputs the decay products.  Because the data for the initial surveys were collected along 20 m to 


                                                 
56 Standards for Management of Uranium Byproduct Materials Pursuant to Section 84 of the 
Atomic Energy Act of 1954, as Amended: Provisions.40 CFR 192.32(a)(3)(i) 
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40 m gridlines we used 400 m2 and 1600 m2 as the contaminated areas for RESRAD57.  For 
remedial action surveys, data were collected in an area of 81m2, which we used as the value for 
the contaminated areas.  Several of the samples collected from the properties were taken in the 
top soil layer, from 0 to 15 cm of the surface.  Therefore, we defined the thickness of the 
contaminated zone as 15 cm or 0.15 m.  For the hydrological data we changed the hydraulic 
conductivity to 0.38 m/year, based on information from the 2005 NFSS report.  We also changed 
the irrigation mode from overhead to ditch. 
 
Results 
 
The calculated doses from the 1981-1985 ORAU surveys appear in Table I a-b.  Using the 
average concentrations in each specific area that was not decontaminated, sections of all of the 
vicinity properties have doses exceeding 25 mrem/yr.  The averages of doses were calculated 
from samples collected from the elevated areas of concentrations on each of the properties.  
Then we used the area of one grid box as the contamination zone for that average.  We used this 
same area for the high and low points we collected from each of these properties.  The doses 
range from a low as 1.48 mrem/yr (property U) to as high as 79417.36 mrem/yr (property E). 
 
Table II a-b has the results of doses received with radionuclide concentrations from the 1986 
survey and table III a-b has the results of doses received with radionuclide concentrations from 
the post-remediation 1989 survey.  After excavation and remediation of these properties several 
of the doses were reduced from what they previously were in the 1981-1985 surveys.  All of the 
properties except E and H were remediated and re-surveyed.  The CDD was also included in the 
1986 remediation and survey.  The highest dose measured in the high dose range on these 
properties was on property H’; a resident-farmer would receive a dose of 266.11 mrem/yr.  The 
dose measured in the low dose range was on the CDD with a dose of 0.43 mrem/yr.   
 


Conclusions 
 
The dose results from the 1981-1985 ORAU surveys show that there were still areas on each of 
the properties that exceeded the 25 mrem/yr dose from hundreds to almost a thousand times.  .  
Even after remediation several of the properties still had areas on them that exceeded the 25 
mrem/yr guidelines.  These properties include D, E’, G, H’ and T.  Therefore, we conclude these 
vicinity properties were not properly certified and further remediation of these properties will be 
necessary 
 
Also, the excavated and unexcavated (Table IV) portions of the CDD were both found to be 
higher than the guidelines.  It is important to note that our calculation of direct gamma from the 
CDD is about 2 times higher than that calculated from RESRAD.  This may be due to the fact that 
we did not use the confined contamination zone that was used in RESRAD to calculate our 
number.  Instead, we assumed an infinite area of contamination, which would make the number 
larger than the RESRAD result.   
 
Vicinity properties that appeared not to have exceeded the guidelines from the surveys taken 
after remediation might also be misleading.  Although the remediation was supposed to remove 
the areas with elevated radiation levels some of the highest levels of radiation on some of the 
properties were not necessarily excavated.  Since sampling after excavation was only usually 
done on the excavated portions it is hard to tell whether or not the areas that were mentioned as 
having high radionuclide concentrations still remained high after the various vicinity excavations.  
Property D had an extremely high Ra-226 concentration in the 1984 survey that resulted in a very 


                                                 
57Some properties were surveyed using a 20 m grid, while others were surveyed using a 40 m 
grid system; therefore we used either the area of 400m2 or 1600m2 relative to the property being 
surveyed. 
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high direct gamma dose according to the RESRAD results.  However, this very point on property 
D seems to have been ignored in the excavation of the property in the 1989 survey.  The same is 
true for property E, which had two high radionuclide areas that were not remediated because the 
concentrations of radionuclides on that property did not exceed the generic guidelines of 
averaging more than 5pCi/g of contamination in the first 15 cm of soil over an area of 100 m2.   
 
Besides the parts of property E’ that have been remediated but would still cause a direct gamma 
dose over the EPA limit, another area of contamination on property E’ also seems to not have 
been fully remediated as evidenced by conflicting reports about contamination on the property. 
This is includes the 30 X 15 m transect that is stated to have Ra-226 contamination in the range 
of 300 pCi/g in one memo about property E’ but is not mentioned in the survey report published in 
the same year by the same author.  That particular point was also not mentioned in the most 
recent surveys done on property E’.   
 
Property F had one of the lowest direct gamma dose levels before and after remediation of the 
property.  However, the point on property F that had the highest Ra-226 concentration, resulting 
in a dose above 25 mrem/yr, was not mentioned as having been excavated in the 1989 survey of 
the property. 
 
Property H also had high Ra-226 contaminated areas according to its ORAU survey.  Because 
researchers attributed most of these areas to a chemical processing material used as fill and 
paving base, further analysis was not performed on this property.  The direct gamma dose from 
the contamination on the property is 40 times that of the EPA limiting dose of 25 mrem/yr.   
 
As evidenced by the qualitative analyses of the past surveys performed on the properties as well 
as the quantitative analysis it is difficult to conclude that these vicinity properties should have 
been released for unrestricted development in 1992.  Several of the properties still have areas 
that would cause a potential resident to receive a dose over the 25 mrem/yr limit set by the EPA. 
 
Fully comprehensive surveys were not performed and they seemingly excluded areas that were 
stated as having extremely high points of contamination on these properties.  Further surveys, 
analysis, and remediation should have been done on these properties and the CDD before they 
were released for unrestricted development in the early 1990s. 
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Table I a.*  Vicinity Property Concentrations and Calculated Doses to a Resident-Farmer 
(1981-1985 Surveys) (Pre-remediation) 


1981-
1985 Area 


Ra-226 
avg 


U-238 
avg 


RESRAD 
Average 


High Ra-
226 


Low Ra-
226 


High 
U-238 


Low 
U-238 High Low 


Property (m2) (pCi/g) (pCi/g) mrem/yr (pCi/g) (pCi/g) (pCi/g) (pCi/g) mrem/yr mrem/yr
D 1600 165.36 21.73 1172.53 11200 0.95 403 1.47 79417.36 6.74 
E 1600 18.65 30.71 136.04 514 4.25 22600 4.03 3749.40 31.00 
E' 400 141.60 25.53 794.34 3190 2.53 12900 1.32 17895.15 14.19 
F 1600 5.77 6.57 41.69 22 1.41 13 0.86 161.82 10.19 
G 1600 33.63 8.04 238.97 1400 1.06 1410 0.36 9948.35 7.53 
H 400 25.69 35.04 147.04 865 0.92 71 1.55 4951.19 5.27 
H' 400 92.09 15.07 516.41 1750 2.14 1480 2.32 9813.72 12.00 
P 400 27.96 26.01 158.84 199 0.68 192 0.74 1130.39 3.86 
S 1500 22.98 28.11 166.12 168 4.33 126 2.56 1214.35 31.30 
T 400 28.38 7.53 159.45 570 0.91 272 0.41 3202.24 5.11 
U 400 35.31 30.05 200.37 894 0.26 254 0.34 5073.01 1.48 
V 400 76.57 44.12 432.43 4280 23.70 95 19.00 24170.01 133.84 


 
Table I a: This tables shows the doses calculated in RESRAD from the average concentrations of Ra-226 and U-238 on the various vicinities in 
surveys done by ORAU from 1981-1985.  The table also has the highest and lowest dose values extrapolated from the RESRAD values using the 
highest and lowest Ra-226 concentrations from each property.58


* bold numbers are doses over the limit of 25 mrem/yr 


                                                 
58  To simplify the calculations we extrapolate the values for the high and low range of doses using only Ra-226 concentrations and decay products because U-
238 has a much smaller or negligible contribution to the dose. 
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Table I b.*  Pathways of Radiation Dose from RESRAD Calculation 
For Average Concentrations in Vicinity Properties (1981-1985 Surveys) 


1981-
1985 


Direct 
Gamma Plant Meat  Milk Soil 


RESRAD 
Average 


Property mrem/yr mrem/yr mrem/yr mrem/yr mrem/yr mrem/yr 
D 839.9 288.1 3.875 2.853 37.8 1172.53 
E 96.89 33.26 0.4542 0.3556 5.079 136.04 
E' 681.1 98.77 0.8305 0.6129 13.03 794.34 
F 29.75 10.21 0.1387 0.1065 1.487 41.69 
G 171.1 58.7 0.7902 0.5846 7.792 238.97 
H 125.8 18.25 0.1553 0.1203 2.715 147.04 
H' 442.8 64.22 0.5399 0.3981 8.455 516.41 
P 136 19.73 0.1672 0.1273 2.815 158.84 
S 118.5 40.72 0.519 0.3999 5.978 166.12 
T 136.7 19.82 0.1668 0.1236 2.639 159.45 
U 171.6 24.88 0.2107 0.1599 3.522 200.37 
V 370.5 53.74 0.4537 0.3405 7.395 432.43 


 
* bold numbers are doses over the limit of 25 mrem/yr 
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Table II a.*  Vicinity Property Concentrations and Calculated Doses to a Resident-Farmer 
(1986 Survey) (Post-Remediation) 
 


1986 Area 
Ra-226 


avg 
U-238 
avg 


RESRAD 
average 


High 
Ra-226 


Low Ra-
226 


High 
U-238 


Low 
U-238 High Low 


Property m2 (pCi/g) (pCi/g) mrem/yr (pCi/g) (pCi/g) (pCi/g) (pCi/g) mrem/yr mrem/yr
CDD 


(excavated) 81 2.24 2.145 9.63 24.3 0.1 34.6 0.1 104.47 0.43 
H' 81 1.94 8.254 8.77 58.8 0.4 45.6 1.3 266.11 1.81 
S 81 4.47 5.3 19.28 5.3 2.8 5.3  22.88 12.09 


U and V 81 1.35 2.9 5.91 5.2 0.6 2.9  22.70 2.62 
Table II a: This table shows the doses calculated in RESRAD from the average concentrations of Ra-226 and U-238 on the various vicinities in 
surveys done after remediation by Bechtel in 1986.  The table also has the highest and lowest dose values extrapolated from the RESRAD values 
using the highest and lowest Ra-226 concentrations from each property. 
* bold numbers are doses over the limit of 25 mrem/yr 
 
Table II b.*  Radiation Dose Pathways from RESRAD Calculation 
For Average Concentrations in Vicinity Properties (1986 Survey) 
 


1986 
Direct 


Gamma Plant Meat  Milk Soil 
RESRAD 
Average 


Property mrem/yr mrem/yr mrem/yr mrem/yr mrem/yr mrem/yr 
      CDD 
(excavated) 9.261 0.3202 0.002714 0.002069 0.04581 9.63 


H' 8.421 0.2913 0.002547 0.002179 0.05463 8.77 
S 18.54 0.6411 0.005447 0.00419 0.09379 19.28 


U and V 5.682 0.1965 0.001685 0.001344 0.03136 5.91 
CDD 


(unexcavated) 28.79 3.411 0.02866 0.02088 0.4679 32.72 
Table II b: This table shows the breakdown of the doses that are included in the final average dose for each property 
* bold numbers are doses over the limit of 25 mrem/yr 
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Table III a.*  Vicinity Property Concentrations and Calculated Doses to a Resident-Farmer 
(1989 Survey) (Post-Remediation) 
 


1989 Area 


Ra-
226 
avg 


U-
238 
avg 


RESRAD 
average 


High 
Ra-226 


Low 
Ra-
226 


High 
U-238 


Low 
U-238  High Low 


Property m2 pCi/g pCi/g mrem/yr pCi/g pCi/g pCi/g pCi/g mrem/yr mrem/yr 
D 81 2.34 0 9.91 8.4 0.7 0 0 35.51 2.96 
E' 81 2.35 4.946 10.29 41.5 0.3 18.6 0.9 181.34 1.31 
F 81 0.80 1.8 3.51 0.8 0.8 1.8 1.8 3.51 3.51 
G 81 2.07 13.33 9.66 15 0.4 52 1.5 69.94 1.87 
P 81 0.80 0 3.39 0.8 0.8 0 0 3.39 3.39 
T 81 2.53 5.475 11.08 8.1 0.7 7.5 2.8 35.50 3.07 


Table III a: This table shows the doses calculated in RESRAD from the average concentrations of Ra-226 and U-238 on the various vicinities in 
surveys done after remediation by Betchel in 1989.  The table also has the highest and lowest dose values extrapolated from the RESRAD values 
using the highest and lowest Ra-226 concentrations from each property. 
 
* bold numbers are doses over the limit of 25 mrem/yr 
 
 
Table III b.*  Radiation Dose Pathways from RESRAD Calculation 
For Average Concentrations in Vicinity Properties (1989 Survey) 
 


1989 
Direct 


Gamma Plant Meat  Milk Soil 
RESRAD 
Average 


Property mrem/yr mrem/yr mrem/yr mrem/yr mrem/yr mrem/yr 
D 9.535 0.3296 0.002766 0.002025 0.04261 9.91 
E' 9.885 0.3418 0.00293 0.002334 0.05436 10.29 
F 3.372 0.1166 0.001001 0.000801 0.01878 3.51 
G 9.268 0.3207 0.002857 0.002599 0.06887 9.66 
P 3.26 0.1127 0.000946 0.000692 0.01457 3.39 
T 10.65 0.3683 0.003159 0.002521 0.05887 11.08 


Table III b: This table shows the breakdown of the doses that are included in the final average dose for each property 
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Table IV* Unexcavated CDD Concentrations and Calculated Dose to a Resident-Farmer (1986 Survey) (Post-
Remediation) 


Year 1986 
Property 


Area 
m2


Avg Conc. Ra-226 pCi/g Avg Conc. Th-230 pCi/g
RESRAD dose after 1 year 


(mrem/yr)  
CDD 


(unexcavated 
portion 


 
 


320 6.1 6.1 


 
 


32.72 
Table IV: This table shows the dose calculated in RESRAD from the average concentrations of Ra-226 and Th-230 collected from samples in an 
area of the unexcavated portion of the CDD. 
 
 
* bold numbers are doses over the limit of 25 mrem/y


Critiqu
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Figure 1: LOOW NFSS property and vicinity properties 
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Figure 2: Map of NFSS and surrounding vicinity properties; Vicinity D is shaded 
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Figure 3: Map of vicinity D with major surface features outlined 
 
 


 
 
Figure 4: Locations of boreholes on vicinity property D 
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Figure 5: Locations of water and sediment samples on vicinity D 
 


 
 
Figure 6: Locations of elevated areas of radiation; dark boxes indicate areas where there are 
several points of elevated radiation 
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Not 
excavated 


 
Figure 7: Locations of radionuclide concentrations that exceed criteria levels 
 
 
 


 
 
Figure 8: Property E; areas of direct elevated radiation (darkly shaded areas are regions of 
generally elevated radiation levels; dots indicate isolated hot spots) 
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Figure 9: Property E; Section of retention pond berm containing numerous areas of contamination 
 
 
 


 
 
Figure 10: Property E; Locations of boreholes for surface investigation 
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Figure 11: Property E; Locations of sediment and water samples from ditches 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
Figure 12: Property E; Areas where radionuclide concentrations in soil exceed criteria; darkly 
shaded areas represent regions of generally elevated radiation levels and dots indicate ‘hot spots’ 
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Figure 13: Map of Western portion of Vicinity E’ showing borehole locations 
 
 


 
Figure 14: Central portion of Vicinity E’ showing borehole locations 
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Figure 15: Eastern portion of Vicinity E’ showing borehole locations 
 
 
 
 
 
 
 
 
 
 
Figure 16: Location of surface water samples on Vicinity E’ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Highest 
concentration 
of Ra-226 


Figure 17: Western portion of Vicinity E’ indicating areas of elevated surface radiation levels 
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Figure 18: Central portion of Vicinity E’ indicating areas of elevated surface radiation levels. 
 
 
 
 
 
 
 


 
Figure 19: Eastern portion of Vicinity E’ indicating areas of elevated surface radiation levels. 
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Figure 20: Western portion of Vicinity E’ indicating where surface soil exceed criteria or locations 
of ‘hot spots’ 
 
 
 
 


 


Contaminated 
area that has 
not been 
excavated 


 
Figure 21: Central portion of Vicinity E’ indicating ‘hot spots’ and areas of elevated radionuclide 
concentrations 
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Figure 22: Eastern portion of Vicinity E’ indicating ‘hot spots’ and areas of elevated radionuclide 
concentrations 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 23: Major surface markers and boundaries of Vicinity F 
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Figure 24: Property F; Locations of elevated surface radiation identified by the walkover scan 
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Figure 25: Property F; Locations of boreholes for subsurface investigations 
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Excavated 
area 


Figure 26: Locations where radionuclide concentrations exceed criteria for formerly utilized sites. 
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Figure 27: The NFSS site and surrounding vicinity properties with vicinity property G shaded to 
indicated its location 
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Figure 28:  Vicinity G with labeled, shaded areas representing areas of contamination. 
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Figure 29: Map showing boundaries and landmarks of Vicinity H 
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Figure 30: Locations of boreholes for subsurface investigations 
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Figure 31: Locations of water samples from sanitary sewer manhole and standing water 
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Figure 32: Locations of areas of direct elevated radiation 
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Figure 33: Vicinity H’ with major land features and grid  
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Figure 34: The 21 areas of elevated direct radiation levels 
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Figure 35: Locations of boreholes for subsurface investigations 
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Figure 36: locations of surface water and ditch sediment 
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Figure 37: Locations of elevated radiation levels identified by walkover scan 
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Figure 38: Areas where radionuclide concentrations in soil exceed criteria 
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Figure 39.  Central Drainage Ditch and Vicinity Properties 
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Figure 40 a-b:  a. contaminated areas on property S; b. excavated portion of property S 
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Figure 40:   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 41 a-b: a. areas of elevated and above 
criteria radiation on property T; b. excavated 
areas on property T 
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Figure 42: Areas where radionuclides exceed criteria on property U. 
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Figure 43: Areas where radionuclides exceed criteria on property V 
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Figure 44: Excavated areas on properties’ U and V 
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Table 1: Ra-226 activity in samples from locations of elevated direct radiation levels. 


 
 
 
 


        
 
 
 
 
 
 
 
 


N E Ra-226 pCi/g Error pCi/g 
20 475 5.72 0.42 
20 480 9.84 0.42 
25 475 6.49 0.47 
30 435 6.30 0.40 
35 475 8.30 0.45 
40 465 6.53 0.42 
40 470 6.36 0.40 


Table 2: Radionuclide concentrations in surface soil samples above 5 pCi/g of the baseline 
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Table 3: Ra-226 activity in samples with debris from locations of elevated direct radiation levels 
 
 
 
 


Radionuclides Sv m3/Bq s mrem g/uCi y mrem g/ pCi y mrem/y
Ra-226 1.65E-19 3.08E+04 3.08E-02 1.88E-01 
Th 230 6.39E-21 1.19E+03 1.19E-03 7.28E-03 
Pb 210 1.31E-20 2.45E+03 2.45E-03 1.49E-02 
Pb 214 6.70E-18 1.25E+06 1.25E+00 7.63E+00 
Bi 210 1.86E-20 3.47E+03 3.47E-03 2.12E-02 
Bi 214 4.36E-17 8.14E+06 8.14E+00 4.97E+01 
Po 210 2.45E-22 4.58E+01 4.58E-05 2.79E-04 
Po 214 2.40E-21 4.48E+02 4.48E-04 2.73E-03 


   Total = 5.76E+01 
Table 4: Direct Gamma Yearly Dose for Top 15 cm Contaminated Soil 
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Appendix.  Discussion of Table 4. 
 
In Table 4 the direct gamma rate, in terms of millirems per year (mr/y) is calculated.  The 
calculation is for an adult.  Each radionuclide in the first column is assumed to be in secular 
equilibrium, that is, the same number of curies of each.  The second column is a listing of dose 
conversion factors, from FGR No. 12.  This is a standard compendium of dose conversion factors 
developed by the EPA.59  For a given radioactive concentration, in units of Bq/cubic meter, the 
column provides the radiation dose, in units of Sieverts per second.  The fourth column provides 
the more convention units for dose conversion factors.  Given the soil concentration in units of 
pCi/g, the dose conversion factors provide the radiation dose to an adult in units of mrem/y.  
Note: this assumes the person is present 365 days per year.  These are upper bound numbers for 
an unrestricted area.  For a child, the dose should be increased by 30%.60  The soil concentration 
we assume for the unexcavated portion of the CDD, from 1500 feet west of Lutts Road to Four 
Mile Creek, is 6.1 pCi/g.  We multiply the dose conversion factors in column 4 by 6.1 pCi/g, to 
get the results in column 5.  The total dose is 57.6 mrem/y. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


                                                 
59  Environmental Portection Agency, “External Exposure to Radionuclides in Air, Water, and Soil, Federal Guidance 
Report No. 12, EPA 402-R-93-081 (1993). 
60  National Council on Radiation Protection and Measurements, “Recommended Screening Limits for Contaminated 
Surface Soil and Review of Factors Relevant to Site-Specific Studies,” NCRP Report No. 129 (1999), p. 56. 
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Review of NFSS RI Report 


Review of Report 
 


“Niagara Falls Storage Site Remedial Investigation Report” 


 


Comments Prepared by K. S. King, King Groundwater Science, Inc. 


 


This report describes the investigation work carried out at the NFSS by USACE under the 
FUSRAP(Science Applications International Corporation, 2007b).  The purpose was to define 
the identity, amount, allocation of chemicals of concern and radionuclides of concerned at the 
NFSS.  A groundwater modeling study was also prepared to assess contaminant fate and 
transport.  A baseline risk assessment of both chemical and radionuclide contaminants of concern 
was also prepared.  The results described in the report will be used to prepare a Feasibility Study 
to identify and evaluate various remedial action alternatives for the site which will be both 
protective and cost-effective.  The geographic limits of the work are the NFSS property and the 
Niagara-Mohawk right-of-way located immediately to the west of the NFSS.  The USACE is 
conducting this work in accordance with CERCLA. 


Comments 


1. P1-10 The fact that there were no criteria for U or Cs-137 until 1988, which is after most 
of the previous NFSS cleanup was done, is troubling and raises questions about the 
adequacy of previous cleanups.  The apparent widespread presence of surficial 
contamination and some subsurface contamination found at NFSS supports this concern. 


2. P1-11 The underdrain from Building 411 (currently storing radioactive residues) must 
have drained somewhere and should have been sealed.  This should be documented and 
an indication provided that exterior drains were sealed adequately in order to last for the 
duration of the facilities life and that monitoring of potential leaks can occur. 


3. P2-6 The fact that deposits of sand and gravel up to 20 feet in thickness occur in the 
Brown Clay Unit is important, as that nears the total thickness of  the unit. This reduces 
potential low-permeability protection of this layer. 


4. P2-11 Climate data used for NFSS monitoring and analyses should be collected on site.  
Use of data from Niagara Falls Air Force Base located seven miles southeast and above 
the Niagara Escarpment is inappropriate and is a significant data gap.  The incremental 
cost of installing a basic meteorological station at NFSS is negligible compared to the 
cost of ongoing maintenance and value of site data. 


5. P3-3 The annual dose limit of 100 mrem/yr above background for the public is the 
DOE primary standard (DOE Order 54005), and applies to all exposures pathways.  For 
NFSS, which contains a fenced storage area, some public exposure could occur only 
through airborne emissions.  In that case, the exposure should be limited to only 10 
mrem/year.  If NFSS is a disposal facility, then the appropriate dose would be 25  
mrem/yr.  The rationale as to why the dose limit is 100 mrem/yr should be explained. 
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6. P3-6 The fact that Outfall 2 was a banded wooden pipe suggests that there were other 
wooden pipes installed at the time of LOOW plant construction.  The inevitable loss of 
integrity of the wooden pipes is a concern due to the likelihood of enhancing subsurface 
migration. 


7. P3-7 It is stated that enough unbiased samples were collected to ensure adequate data 
coverage for each constituent and media in each EU for risk assessment purposes.  It is 
not clear how the number and locations of samples were determined. 


8. P3-8 There is a discrepancy between the down hole gamma logging (Appendix K) and 
the borehole logs in Appendix N . For example, Boring 211has a depth of 15 ft bgs, but 
the gamma log profile shows a depth to > 131 ft.  Also, SB 214.  The gamma log for 
SB811 indicates a depth of 231 ft bgs.  


9. P3-9 Selection of Lew-Port school and ANG WETS as background locations for 
gamma radiation raises concerns since both properties were once part of the LOOW. 


10. Fig 3-14 The choice of background location BKGD-8 appears inappropriate since 
although it was in buffer areas, it was actually very close to roads and infrastructure 
associated with the TNT explosives storage and AFP-38 incinerator, railway and a drum 
storage area.  There would seem to be other locations that could have been selected that 
were isolated from known activity areas.  Use of Modern landfill groundwater wells as 
background also raises doubts since the Modern property was formerly associated with 
transport and unloading of materials in the LOOW and there was a former waste disposal 
area (Town of Lewiston landfill) which was not constructed to modern containment 
standards.  


11. P 3-24 In 2000, the well development protocol was changed to maximize water clarity 
and reduce development time.  It is hard to understand how reducing the number of well 
volumes removed would result in better development.  However, the 2003 development 
criteria was appropriate in determining representative groundwater was sampled. 


12. P3-27 The groundwater sampling protocols used were generally appropriate, however, 
the choice of using a bailer for VOC collection is puzzling as it is the device with most 
variability and negative sampling bias. 


13. P3-38 Ten drums of investigation derived waste contained sufficient fission products 
that hey required separate disposal.  The locations where the material in the ten drums 
that contained Pu-239/240 and Sr-90 originated is not noted here.  The presence of these 
compounds at the LOOW is significant, and efforts to determine where the material came 
from should be pursued. 


14. P4-5 Including potential outliers of Ra-226 and thorium-230 at SDBKGD-2 in the 
sediment background data set requires further explanation.  This location is at the 
upgradient portion of the West Ditch on NFSS, yet had the maximum sediment 
concentration values for Ra-226 and Th-230 found at NFSS and is located only 300 ft 
west of elevated Ra-226 in soil (67.9 pCi/g).  It would seem reasonable to conclude that 
this area had been affected by activities at NFSS and would not be considered to be 
background conditions. 


15. P 4-7 The methodology for determination of SRCs appears to include any description 
of, or review of historical activities and likely contaminants that  might have been 
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associated with those activities.  This should be a key element of any attempt to identify 
site-related contaminants. 


16. P 4-11 Use of groundwater monitor wells on Modern Landfill property because they are 
upgradient and east of NFSS is not entirely appropriate.  In particular five monitor wells 
(PZ-21D,M and S, PZ-25S, MW-17)  were chosen that are located within an area known 
as the LOOW classification yard, and is identified as a DOD area of concern in the 
DERP-FUDS investigations.  Radiologic contamination of surficial soil did occur on the 
property now occupied by Modern landfill and has been remediated ((Bechtel National 
Inc., 1983; Bechtel National Inc., 1986; Keller E. L., 1981; Stukenbroeker, 1981). It 
seems more judicious selection of background locations could have been made. 


17. Fig 4-20 Very few of the groundwater locations in either the UWBZ or LWBZ do 
not have an exceedance of an SRC. 


18. Fig 4-25a No soil samples are shown below 5’ depth. 


 


Nature and Extent of SRCs 


19. The presentation of the data is organized around the 18 EU which were defined for the 
BRA.  However, it is unclear if the designation of the EUs occurred before or after the 
investigation.  Further clarification should be made as to the role of historical information 
to guide the investigation and then to divide the site into EUs after review of the data. 


20. p5-3 The essential human nutrients listed (Fe, Mg, Ca, K, Na) are also significant 
elements in minerals, and are considered major cations which make up the geochemistry 
of groundwater and surface water.  Therefore, their importance goes beyond nutrition as 
they are also important in understanding groundwater conditions and processes affecting 
subsurface contaminant fate and transport.  The statements made are not incorrect, but to 
imply that these elements as only of concern as human nutrients is inappropriate. 


21. p5-4 The discussion regarding contaminated groundwater and plumes is reasonable.  It 
is a difficult thing to draw delineated plume maps in the shallow groundwater as the site 
contains many complicating factors.  For example, the presence of buried pipelines or 
infrastructure, vertical fractures in the upper clay till, unknown distribution of surface 
releases, groundwater-surface water interaction at ditches, non-uniform sand lens 
distribution may all affect the follow of groundwater and hence the migration of 
contaminants leading to a complicated distribution.  The site hydrogeologic conceptual 
model should reflect this complex and difficult to monitor conditions. The plume maps 
that are shown only place lines around the locations where contamination was 
discovered, and it should be recognized that this may be incomplete and simplistic. 


22. p 5-5 The uncertainty around the location of the radium storage vault suggests that a 
grid based soil sampling plan would have been more appropriate to determine if 
contamination is present from this historical activity. 


23. p 5-6 The presence of VOCs, metals and radionuclides at depths in soil greater than 10 
ft invites explanation.  If radionuclides had the sorption coefficient assigned by the 
modeling (HydroGeoLogic Inc., 2007; Science Applications International Corporation, 
2007a) and actually migrated downward from the surface over a period of only 60 years, 
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this would exceed expected travel times.  This comment also applies to the presence of 
Cs-137 found in groundwater in EU1. 


24.  Fig 5-1 to 5-4 The inferred uranium plumes shown in these figures indicates that the 
presence of uranium in shallow groundwater is widespread across the NFSS (with 
exception of northeast portion.  


a. The plumes are not fully delineated and could be much larger than shown. 


b. Elevated uranium occurs in shallow groundwater near the boundaries of the NFSS 
indicating either potential offsite (northwest) or onsite (from south or east) 
migration. 


c. There is a clear presence of uranium in groundwater along the west and north 
boundaries of the IWCS 


d. The interpreted elevated Uranium along buried pipelines southeast of the IWCS is 
likely correct, indicating the importance of buried utilities as potential 
groundwater pathways. 


25. p5-13 The fact that a former sellite manufacturing area was present should have been 
included in the discussion of whether sodium was a site related contaminant (and not just 
a nutrient).  Sellite is sodium sulfite. 


26. p 5-19 The presence of slag or gravel and the resulting groundwater infiltration that  
inhibited further excavation indicates the importance of either natural or manmade 
deposits of coarse grained materials as groundwater pathways which could affect he 
migration of groundwater and contamination in a non-uniform manner. 


27. p 5-20 The presence of enriched uranium at a depth of 5.5 feet should be further 
investigated. The implications that such material is a) present and b) could have migrated 
or been buried to that depth is significant as it represents a different class of nuclear waste 
than typically associated with this site. 


28. sec 5.3.1.4 The figures summarizing the occurrence of SRCs in groundwater are 
Figures 4-18 and 4-19, not as shown. 


29. p5-21 The presence of elevated manganese or iron in groundwater does not need to be 
justified by the presence of elevated Mn or Fe in soil.  Reductive dissolution of iron and 
manganese from soil is a common process that can cause elevated Mn and Fe in 
groundwater.  The Mn plume is poorly defined  since it is defined by only two locations 
(Fig 5-5).  A more likely explanation that should be investigated is the potential presence 
of organic matter in the subsurface soils, or released organic compounds. 


30. p 5-22 Figures 5-8 to 5-12 show groundwater plumes for chlorinated ethenes and vinyl 
chloride.  The compounds are part of the degradation chain of tetrachloroethane which 
occurs under reducing conditions in groundwater r.  The presence of methane in 
groundwater at MW 415A confirms that reducing conditions exist.  The plume isopleths 
as drawn are merely interpretations as there is insufficient delineation of the plume to be 
confident of its extent.  However, of more important significance for these VOC plumes 
is that the dissolved concentrations are at a level indicating the potential presence of a 
tetrachloroethane (PCE) fluid in the subsurface.  PCE, a chlorinated solvent, behaves as a 
dense non-aqueous phase liquid (DNAPL) in groundwater and the observed 
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concentration of 103.3 mg/L is approaching 50 % of the solubility of PCE in water.  The 
likely presence of a DNAPL source and dissolved plume should be further investigated in 
both the UWBZ and, because it is a DNAPL, the LWBZ as well.  Contrary to the fate and 
transport modeling discussed in section 7.3.4, the modeling only addresses dissolved 
phases and does not account for DNAPL transport. 


31. p 5-26 The compound 1,1,2-TCE is likely meant to be 1,1,2-TCA (i.e. trichloroethene). 


32. p 5-35 Since the lone subsurface soil sample exceeded background UTLs for radiologic 
parameters, this indicates the need for further delineation at depth. 


33. p 5-38 The detection of RDX should be further investigated. 


34. p 5-49 The significance of Cs-137 in groundwater appears to have been minimized since 
it was observed in wells below the derived MCL.  However, what is not addressed is that 
Cs-137, a radiogenic isotope often associated with atmospheric fallout or nuclear fission 
and the KAPL waste was found in groundwater.  If the Cs-137 came from atmospheric 
fallout (perhaps Chernobyl in 1986?) and recharged to groundwater, then it usefulness as 
a tracer may be important.  Otherwise the presence of fission products at NFSS, must be 
assumed.  


35. p 5-50 Actually, higher dissolved oxygen in MH09 would be more conducive to greater 
solubility and mobility of uranium, contrary to what is stated in the text.  The statement in 
the text should be clarified. 


36. p 5-52 It is noted that there is a lack of soil samples collected to evaluate the high gamma 
areas noted.  This should be investigated further. 


37. p 5-53 EU 12 may be wooded now, but photographs from the 1940’s suggest that most 
land in this area had been cleared.  Can it be confirmed that this area remained wooded 
and had no activity for the duration of the past 65 years? 


38. p 5-61 the presence of Pu-239 in the floor of building 401 is significant as it confirms the 
presence of KAPL waste and fission products at NFSS. 


39. p 5-63 The presence of Americium-241 in West Ditch surface water is significant.  It 
appears that Am-241 should have been part of the analytical program for surface water at 
NFSS. 


40. p 5-64 It appears to be a reasonable conclusion that historical operations on NFSS 
property have caused the impact by metals and radionuclides on the Niagara Mohawk 
property. 


41. Section5.9 The evaluation of transuranic and fission product data raises several points 
for discussion.  USACE created strip charts for Am-241, Cs-137 and enriched U and 
identified “outliers.”  It then intends go back to the sampled locations and determine the 
reason for this “outlier” status.  This methodology is completely backwards.  The 
preferred and more systematic approach by the EPA, NRC and DOE under MARSSIM is 
to start from the historical record, to determine which parts of the NFSS site are likely to 
be contaminated, which parts may be contaminated and which parts had no 
contamination.  Parts of the site that were likely contaminated would be thoroughly 
examined, the number of samples and the gamma survey determined to give a statistically 
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significant result.  Areas with no contamination would be explored in a more cursory 
fashion.  In this way, the USACE would home in immediately on problem areas.    


The absence of Am-241 does not imply the absence of transuranics, such as Pu-239.  This 
again depends on a review of the historical records.  Since the waste from Schenectady 
was due to separation of Pu from the waste materials, one does not expect to have a 
correlation.  Am-241 would generally follow the high-level waste and, to a lesser extent, 
the uranium product stream.  Am-241 decays to Np-237, not Pu-239. 


42. p 5-74 The conclusion that the previous remediation of West Ditch was incomplete 
appears correct.  Transport of contaminated sediment should be investigated further. 


43. p 5-76 The presence of radiological and other SRCs in the LWBZ is significant by itself, 
and whether or not it exceeds its UTL is important with respect to exposure.  However, 
the fact that it is present in the lower aquifer suggests that explanations of how it got 
there as it is contrary to expectations based on information in the RI.  


44. p 5-77 Ballast by the rail road tracks has a correlation with Ra-226.  ACE appears to 
believe it is due to slag.  Another possibility is that the contamination is due to loading 
and unloading of railroad cars.  Again, the historical record and sample locations should 
shed light on this issue. 


Fate and Transport 


45. The half-lives presented in Tables 6-1 to 6-3 are not site-specific rates of degradation.  
Many organic compounds degrade in the environment, however, most processes are 
microbially-mediated and appropriate environmental conditions must be present and 
maintained for the degradation to occur.  For example, there are important differences 
between degradation rate of a compound in surface water (exposed to oxygen and 
sunlight) compared to groundwater where conditions would be much different.  Therefore 
if these tabulated values are to be used to infer degradation half-lives at NFSS, then only 
those half-lives that were determined under field and environmental conditions to be 
similar to NFSS should be considered.  Rates derived from laboratory microcosm studies 
have only limited applicability to predicting degradation in the field.  Similarly, 
distribution coefficients (Kd) are not necessarily transferable between sites, or laboratory 
and field.  Therefore, results derived from use of these tabulated values should be 
considered very carefully as they are unlikely to represent true behavior at the NFSS. 


46. p 6-2 The dismissal of acetone and 2-butanone as contaminants of concern due to 
“tendency to quickly degrade in the atmosphere and to biodegrade easily”, and that they 
are potential laboratory contaminants appears unreasonable.  The data was reviewed and 
verified as being valid.  The fact that these compounds were detected decades after 
operations ceased at the site suggest that the assumption of  rapid degradation and low 
migration concern are doubtful. 


47. p6-4 I disagree that a “complete understanding of the specific metal mobility and 
chemistry is beyond the scope of this RI”.  Knowledge of a contaminants site-specific 
fate and transport characteristics is precisely what the RI is intended to demonstrate. 


48. Section 6.6 A Remedial Investigation report should contain a description of the site 
conceptual hydrogeologic model, and is missing from this report. 
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Review of Report 


 
“Groundwater Flow and Contaminant Transport Modeling, Niagara Falls Storage Site, Lewiston 
New York” prepared by HydroGeoLogic,  dated December 2007 


 


Comments prepared by K. S. King, King Groundwater Science, Inc. 


 


This report describes the Remedial Investigation effort at Niagara Falls Storage Site.  The 
groundwater modeling investigation was completed to predict the migration of contaminants 
originating from the NFSS under baseline conditions and for hypothetical worst-case scenarios.  
The authors, (HydroGeoLogic Inc., 2007), prepared a conceptual site model, a calibrated 
mathematical model of groundwater flow and a transport model of dissolved constituents in 
groundwater. 


The authors compiled an impressive amount of hydrogeologic information from the NFSS and 
nearby properties: CWM chemical Services, LLC. and Modern Landfill Inc., and from previous 
investigations.  The model was used to simulate groundwater flow and estimate the migration of 
contaminants from the NFSS over a long period of time (in excess of 1,000 years). 


Review Comments 


1. Subsurface Geologic Conditions.  It is rare that modelers have such a wealth of 
subsurface data as is available for the NFSS,CWM and Modern sites. More than 700 
boreholes were evaluated to assess the geologic conditions and related data needed for 
input parameters to the flow and transport models.  However, as in all geologic sampling 
exercise, the information and knowledge gained is derived from discrete locations where 
the samples were taken.  It is often necessary to make assumptions as to what conditions 
exist between boreholes, and it is important that subsurface data be available to provide a 
three-dimensional understanding of the geologic lithology, stratigraphy and 
characteristics.  As shown in the report (see HGL Fig 2.8), many borehole locations are 
available on the NFSS, CWM and to a lesser degree on the Modern Landfill.  However, 
there is a paucity of data to the west and northwest of the NFSS, which also happens to 
be the general direction of groundwater flow.  Therefore, there is uncertainty as to actual 
conditions in this important region of the model and requires modelers to make 
assumptions as to continuity of geologic units and their properties.  This can be 
considered to be a data gap in knowledge of subsurface conditions. 


The presence of fractures in the upper Clay till to a depth of approximately 9 ft (2.7 m) is 
noted and characterized as minor.  However, discontinuities in the clayey matrix due to 
fracturing is commonly observed in surficial clay tills and their role in contaminant 
fracture has been found to be significant  


2. Hydraulic Properties.  The evaluation of hydraulic conductivity values provides a 
reasonable estimation of the characteristics for the various hydrostratigraphic layers.  
However, it is important to point out that there is variability associated with each layer’s 
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properties, and therefore any estimates of groundwater velocity or flux should reflect that 
variability.  For example, it is clear from the distribution of KH values that the alluvial 
sand and gravel unit generally has a KH ten times higher than the upper Clay till unit, but 
the range of values also overlaps.  So, there may be areas where the two units have 
essentially the same KH.  In the big picture, use of geometric mean values is reasonable; 
however, the variability that may occur at the smaller, local scale should not be 
overlooked when interpreting groundwater flow and transport. 


As noted in HGL table 2.4, the KH for UCT and GLC have equivalent geometric means 
and same values were used in the model (HGL Table 2.5).  But, the variability of KH in 
the UCT extends over six orders of magnitude.  The GLC is believed to be more 
homogeneous than the UCT, but there are apparently only five hydraulic conductivity 
measurements.  Since the GLC is part of the underlying natural “containment” of the 
IWCS, there should be better characterization of the properties of the GLC unit. 


The GLC has also been described as containing occasional laminations of silt, and sand 
and gravel (Golder Associates Inc., 1988; Wehran-Envirotech, 1990; Wehran 
Engineering Corporation, 1977).  These small scale features can be important in 
transmitting groundwater or contaminants on a local scale. 


The distribution of K for the Alluvial Sand and gravel unit (HGL Figure 2.23) appears to 
rely on only three values in the direct vicinity of the IWCS.  Since the IWCS is a 
repository of contaminants, the ASG is a significant aquifer unit and modeling of the 
transport form this location is very important, this lack of localized K data appears to be a 
deficiency. 


Lastly, the distribution of hydraulic conductivity shown on HGL Figures 2.21 to 2.25 are 
inferred from the available data, and should be regarded as reasonable estimates given the 
available data.  Different values than shown may exist between the borehole locations, 
and there area no data locations outside of the NFSS, CWM and Modern property lines.   


3. The distribution of sand lenses in the Upper Clay till is an important feature.  The 
presence of the more-permeable sandy zones within a low-permeability clayey unit holds 
the implication that there could be pathways or increased migration of groundwater flow 
and contaminant migration through the sand lenses.  Of particular interest, is that for the 
three waste disposal facilities, the NFSS happens to sit directly over an area which 
appears to have a higher frequency of sand lens occurrence.  The reason as to why more 
sand lenses were apparently observed in the vicinity of the IWCS may not be known or 
real, but could be due to the increased density of boreholes on the NFSS, differences in 
investigation techniques, or just plain bad luck.  If a similar density of boreholes were 
installed in nearby properties, a similar pattern of sand lens occurrence might be 
observed.  The significance of the sand lenses relate to understanding groundwater 
flowpaths, selection of the hydraulic conductivity values used in the model and proper 
positioning of groundwater monitoring well locations. 


The authors have evaluated the sand lenses using geostatistics in order to determine the 
spatial extent of the sand lenses and ultimately whether they are connected flowpaths (see 
Appendix B).  The compilation of sand lens data is extensive and thorough.  However the 
semivariogram approach used is not convincing that the sand lenses are not 
interconnected. 
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4. Water Budget.  One potential scenario to be considered in the Feasibility Study is to leave 
the IWCS residues in place.  In that case an assessment of the long term potential climate 
change issues and effect on precipitation, temperature, evapotranspiration and recharge 
should be addressed. 


5. Sec 3.3.3.3 The stream boundary for the Central Drainage Ditch is incorrect.  The 
CDD drains to Four Mile Creek, and not Six-Mile Creek as shown on figures 3.1 and 3.4. 


6. Sec 4.3.2.1 The use of Kd isotherm based sorption models to simulate the migration of 
metals and radionuclides is a common approach but has strong limitations.  The 
interaction between dissolved ions in solution with solid mineral phases can be described 
through the use of isotherms.  An isotherm is a plot of the mass sorbed on the solid 
surface versus the concentration of the constituent in solution, at a fixed temperature.  As 
the concentration of the sorbate is increased, the mass sorbed also increases in a linear or 
non-linear manner.  Isotherms are empirically derived from laboratory batch or column 
experiments.  The slope of a linear isotherm is known as Kd or the distribution 
coefficient.  The distribution coefficient approach uses one parameter to describe 
partitioning between solution and solid matrix that may be due to several geochemical 
processes, and it is usually assumed to be constant in an aquifer.  Equilibrium and 
reversibility of reactions is assumed.  Site mineralogy is an important factor, but is 
neglected (Zhu and Burden, 2001).This simple method of describing ion sorption can be 
easily incorporated into a mathematical solution of the advection-dispersion equation, 
that can be solved analytically or by numerical methods.  As a result most groundwater 
solute transport model codes (including the one used for this project) use an isotherm 
approach to describe surface-solute interaction and retardation.  However, the 
assumptions and difficulties associated with Kd’s make the applicability of these models 
to environmental problems concerning metals questionable. 


Deficiencies in the Kd approach have been known for some time (Bethke and Brady, 
2000); (Brady and Bethke, 2000); (Cherry et al., 1984); (Reardon, 1981)), models using 
Kd are still applied to metals in groundwater problems ((Sandia National Laboratories, 
1999); (U. S. EPA, 1996a); (U.S. EPA, 1999); (U.S. EPA, 2001)).  Attempts have been 
made to make the Kd approach more appropriate through the use of generic Kd vs. pH 
relationships and selectivity coefficients derived from a geochemical model (U. S. EPA, 
1996b) or including non-linearity and probabilistic approaches (U. S. EPA, 1996a). 


Some factors which most affect dissolved metal concentrations are the total 
concentrations of metal in the soil, soil solution pH , organic matter content, and the 
presence of iron and manganese oxides (Sauve et al., 2000b).  Redox conditions are also 
important.  Distribution coefficients of a metal can vary over several orders of magnitude 
for given pH, total metals in soil or organic matter content.  Given the multivariate 
influences that affect metal concentration in solution, it is unlikely that empirical 
approaches alone will be successful in predicting metal transport at a particular 
contaminated site (Sauve et al., 2000a). 


There are however, some advantages of the Kd based model approach which include: 


• Simple and easy to include in transport models 


• Many models are available with this formulation 
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• Retardation concept is easily understood 


• Works best for weakly sorbing, low concentration, contaminants which 
participate in few reactions and where chemical conditions and pH do not vary. 


Some disadvantages of the Kd based model approach include: 


• simplistic and compromises the role of geochemistry 


• can only simulate one solute at a time (Zhu and Anderson, 2002) 


• assumes an unlimited number of sorption sites and does not include competition 


• a site specific Kd does not ensure correct assessment of fate under transient 
system conditions 


• changes in aqueous speciation and temporal variations are not accommodated  
(Langmuir, 1997) 


• typically overestimate plume advance and underestimate “tailing” (Brady and 
Bethke, 2000)The characterization requirements for contaminated sites which contain 
metals and radionuclides, in either soil or groundwater should be enhanced to include 
geochemical measurements of groundwater and characterization of all solid phases and 
aquifer mineralogy.  This has not been done at NFSS.  Screening level and detailed risk 
assessments for the migration of metals in groundwater should be supported by 
geochemical calculations and reactive transport modeling.  Kd-based transport models 
should not be relied on as the only modeling tool unless the very specific conditions for 
Kd use can be demonstrated at the site. 


The minimum approach for screening metals-contaminated sites should include use of 
equilibrium models (e.g. MINTEQA2) to identify potential reactions, characterization of 
mineral phases present and provide an opportunity to verify that reactions are actually 
occurring.  In general, for an important site such as NFSS, simple coupled reactive 
transport models, or even more sophisticated models, could be applied to better 
understand issues of metal/radionuclide transport. 


7. It appears that the same Kd value was used in all of the model layers.  This is 
inappropriate as each layer will have different lithology and other characteristics. 


8. Sec 4.4.3.4 The model calculations for organic contaminants which include a 
biodegradation rate should only be considered to be for information or bounding purposes 
rather than a simulation of likely behavior.  Additional site-specific information would 
need to be collected and evaluated in order to provide confidence that the model decay 
rates are reasonable for site conditions, and that NFSS aquifer conditions would remain 
conducive for continued biodegradation in the future.  Inclusion of a no-decay case would 
be useful to bound the likely behavior of the organic contaminants. 


9. Sec 4.4.3.5 Use of the MINTEQA2 geochemical model is appropriate to estimate the 
solubility of elements and complexes at NFSS.  However, it appears that the 
methodology used involved the measured geochemistry of only one groundwater sample 
(Appendix D).  The selected well was OW04B, completed in the Upper Clay till.  
Unfortunately there are no other geochemical analyses presented for the UWBZ, or the 
LWBZ, so there is no confidence that the one selected geochemistry is in fact 
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representative of groundwater at NFSS.  In addition, Table 3 of Appendix D does not 
indicate the critical parameters pH, dissolved oxygen or redox conditions at which the 
simulations were performed.  The mineralogy of the NFSS aquifers is not documented. 


10. Sec 4.6  An explanation for the choice of parameters subject to sensitivity analysis 
should be provided.  The variation in Kd only involved the increase in value.  The site-
specific work by (Seeley, 1984) also indicated that laboratory derived distribution 
coefficients were as low a 1.1.  Testing a lower Kd would help assess poor sorption (faster 
migration) conditions. 


11. Conclusions. The development of the hydrogeologic modeling tools has been 
undertaken in a very thorough and thoughtful manner.  With the exception of comments 
noted above, considerable insight into the behavior of ground water and solute transport 
from the IWCS is possible.  Due to disagreement over the applicability and 
meaningfulness of the use of Kd values without further geochemical insight, the predicted 
times of migration and concentration values should not be accepted as accurate.  Since 
there is disagreement over the solute transport issues, the understanding and 
interpretation of  groundwater flow based on the model could have received more 
emphasis.  In particular, since large drainage ditches are located so close to the IWCS, the 
potential for groundwater discharge to surface water would appear to be high.  This 
seems to be a higher and faster source of risk exposure that has not been fully discussed I 
the report.  


 


 


References 
Bethke, C.M. and Brady, P.V., 2000. How the K-d approach undermines ground water cleanup. 


Ground Water, 38(3): 435-443. 
Brady, P.V. and Bethke, C.M., 2000. Beyond the Kd Approach. Ground Water, 38(3): 321-322. 
Cherry, J.A., Gillham, R.W. and Barker, J.F., 1984. Contaminants in groundwater processes, 


Studies in Geophysics, Groundwater Contamination. National Academy Press, 
Washington, D. C., pp. 46-64. 


Golder Associates Inc., 1988. Hydrogeolgic Characterization Update, Model City, New York 
Facility. Report 853-3051. 


HydroGeoLogic Inc., 2007. Groundwater Flow and Contaminant Transport Modeling, Niagara 
Falls Storage Site, Lewiston, New York, preapared for U. S. Army Corps of Engineers 
Buffalo District. 


Langmuir, D., 1997. Aqueous Environmental Chemistry. Prentice Hall, Upper Saddle River, 600 
pp. 


Reardon, E.J., 1981. Kd's - Can they be used to describe reversible ion sorption reactions in 
contaminant migration? Ground Water, 19: 279-286. 


Sandia National Laboratories, 1999. Site Screening and Technical Guidance for Monitored 
Natural Attenuation at DOE Sites. SAND99-0464, Albuquerque, N. M. 


Sauve, S., Hendershot, W. and Allen, H.E., 2000a. Solid-solution partitioning of metals in 
contaminated soils: dependence on pH, total metal burden, and organic matter. 
Environmental Science & Technology, 34(7): 1125-131. 


 5







Review of HGL Modeling 


Sauve, S., Norvell, W.A., McBride, M. and Hendershot, W., 2000b. Speciation and 
complexation of cadmium in extracted soil solutions. Environmental Science & 
Technology, 34(2): 291-296. 


Seeley, F.G., Kelmers, A. D., 1984. Geochemical Information for Sites Contaminated with Low-
Level Radioactive Wastes: I - Niagara Falls Storage Site, prepared by the Oak Ridge 
National Laboratory, for the U. S. Department of Energy. 


U. S. EPA, 1996a. EPA's Composite Model for Leachate Migration With Transformation 
Products, EPAMCTP: Background Document for Metals, Volume 1: Methodology, 
Washington, D. C. 


U. S. EPA, 1996b. Soil Screening Guidance:  Technical Background Document. EPA/540R-
95/128, Washington, D. C. 


U.S. EPA, 1999. Understanding Variation in Partition, Kd, Values, Volume 1: The Kd Model, 
Methods of Measurement, and Application of Chemical Reaction Codes. EPA 402-R-99-
004A, Washington, D. C. 


U.S. EPA, 2001. Monitored Natural Attenuation:  USEPA Research Program - An EPA Science 
Advisory Board Review. EPA-SAB-EEC-01-004, Washington, D. C. 


Wehran-Envirotech, 1990. Supplemental Hydrogeologic Investigation for Modern Landfill Inc.  
Volume I Report and Plans, prepared for Modern Landfill Corporation, Inc., Model City, 
NY, Niagara Falls NY. 


Wehran Engineering Corporation, 1977. Hydrogeologic Investigation, Chem-Trol Pollution 
Services, Inc., Township of Porter and Lewiston, Niagara County, New York. Report no 
C-77213, Prepared for Chem-Trol Pollution Sevices, Inc. 


Zhu, C. and Anderson, G., 2002. Environmental Applications of Geochemical Modeling. 
Cambridge University Press, Cambridge, 284 pp. 


Zhu, C. and Burden, D.S., 2001. Mineralogical compositions of aquifer matrix as necessary 
intital conditions in reactive contaminant transport models. Journal of Contaminant 
Hydrology, 51: 145-161. 


 
 


 6







 
 
 
 
 
 
 
 
 
 
 
 
 
 
F.3 Geophysical Surveys I 
 


 







Mr. Scott King 
King Groundwater Science, Inc. 
Buffalo, New York      June 24, 2006 
 
Dear Scott: 
  
I have examined the materials you forwarded or referred to me regarding the geophysical 
survey of the Niagara Falls Storage Site.  Specifically these materials are: 
 


1. A report on the geophysical work prepared by Science Applications International 
Corp for the US Army Corps of Engineers, dated May 30, 2003.  This very large 
document consists of the report proper, sections 1 and 3 of which I read carefully, 
and  a number of Appendices, dealing with routine matters such as data handling 
and presentation, that I leafed through and spot-checked. I also read most of  
section 2 on the Gamma Walkover Survey out of interest, although this material 
was not included in the scope of work assigned. 


2. Two Power Point presentations to a Restoration Advisory Board meeting, 
undated.  


3. Miscellaneous data available the Lake Ontario Ordnance  Works and the 
(included) Niagara Falls Storage Site on the USGS web site: 
http://www.lrb.usace.army.mil/fusrap/nfss/index.htm 


4. Parts of a 1982 report by the Bechtel Corporation  “Geotechnical Post-
construction Report, Niagara Falls Storage Site, Lewiston, New York” describing 
the construction of the cut-off wall. 


 
Regarding the questions posed in the Scope of Work. 
 
a. Were the geophysical surveys generally carried out in an appropriate or 
reasonable way. 
Yes, to the best of my knowledge. The authors were clearly aware of best practice  
procedures (as prescribed by the EPA, CERCLA, etc) and, while much of Appendix A is 
simply “boiler plate” there is no reason to believe that they did not follow these 
procedures.  The data collection and filing also appear to have been  carried out in a 
systematic way.  


 b. Are there any significant discrepancies, deficiencies or gaps in the work which 
might limit the conclusions that have been made.  


Geophysical surveys in these situations can be likened to x-rays, ultrasounds and MRI 
scans in the medical field. The alternatives are cutting the patient open (digging, 
trenching) or exploring randomly with hypodermic tissue samples (drilling exploratory 
holes). The non-invasive solutions have obvious advantages. They don’t disturb the 
patient (ground) and they serve as a guide to the intrusive follow-up. However, they will 
never achieve the visual resolution of a sample. They average a property (water content, 
tissue or bone density, electrical conductivity, magnetic susceptibility, etc.) of the interior 
over some volume; depending on the money and/or time one has to spend that volume 



http://www.lrb.usace.army.mil/fusrap/nfss/index.htm





can be larger or smaller but it does not achieve the resolution of a core or a visual 
examination of a ditch face.  In medical radiology, there is a lower limit to the size of 
tumor or bone fracture you can detect, just as there is a lower limit to the size of cut-off 
wall breach or contaminant plume conductivity that a given geophysical technology will 
image.  


The SAIC geophysical survey is very extensive. They must have worked to a budget that 
most contractors would envy, one that allowed them to throw all sorts of technologies at 
the problem. Nevertheless, there was a limit to that budget, one that may have required 
trade-offs; that they run electrical imaging surveys across the Zone II cut-off wall on a 
7m line spacing rather than (say) a 3m spacing, or   magnetometer line spacings of 5 m 
within the WCS instead of (say) 2m.  Because geophysical detection depends – amongst 
other things - on the distance from the object to the surface measuring equipment these 
choices inevitably result in some lack of resolution of targets between lines relative to 
below the lines.  The trick is to be able to say not just what has been detected, but what 
could have been missed given the survey choices made. 


My main criticism of the SAIC report concerns this last point.  The authors have done a 
good job of gathering data from a wide variety of geophysical techniques, and they have 
interpreted those data well. Not so well done, in my opinion, is explaining to the reader 
the limitations of these interpretations. This would have been best accomplished through 
the use of simple sensitivity analysis, using numerical models that would have been 
available to the authors. These limitations (minimum detectable size of  breach in the cut-
off walls, minimum size and electrical conductivity of plume, etc.), once established, 
could then be compared to the expectations of the client as to what constitutes a  
significant problem for the site. 


A second criticism is that there appears to be no site-specific investigation of the physical 
properties of the overburden strata, such as might have been provided by borehole 
geophysical logs. These data can help define what is and is not anomalous in the field 
surveys.. Table 9-1, for example, provides electrical conductivity ranges for certain 
geological materials in general, but not for the brown clay, gray clay, red silt and sand 
and gravel layers identified (Section 3.2) for the site. While not critical to an 
interpretation of the data this omission is unusual in a project of this size and scope.  


As to “gaps”, the obvious one is that there does not appear to have been a follow up 
investigation of  the anomalies identified by this report. Because a geophysical anomaly 
measured on the surface can have several subsurface explanations, field verification of a 
small subset of these anomalies can often improve the interpretation of the others.  


Returning to the original question, are these “gaps and deficiencies” significant? The 
most important point in my opinion is that the clients for this work understand the 
difference between a statement such as “the geophysical surveys found no anomalies that 
we believe to be associated with a breaches in the cut-off wall “, and “there are no 
breaches in the cutoff wall”. Specific examples follow. 







c. Was the work adequate to conclude that the IWCS is not leaking or that the clay 
dike walls are performing as expected?  


Section 15-1, page 95, para 3.  “SAIC did not interpret any anomalous zones within the 
WCS that may be attributed to a contaminant plume, sand and gravel channels, or 
inconsistencies within the clay cutoff wall.”   


I would agree in general with this statement based on a review of their data.  However, 
regarding the contaminant plume, the reader should be aware that: 


 (a) this conclusion refers to electrically conductive leachate and it is not clear that 
the radioactive contaminants or their associated materials (e.g. the slurry) would 
be highly conductive. I could find nothing in the report on the properties of these 
materials, and certainly the average conductivity of the interior of the WCS – 
ignoring the building foundation areas where rebar, metals etc. were probably 
present -  was not dissimilar from background (e.g. Figure 5.3). If the interior of 
the WCS  is contaminated but not conductive then a plume leaving WCS would 
presumably also be non-conductive and invisible to the geophysics.  In that case 
the statement on page 98, section 15.1.1.6, para 1 that “ there is no significant 
subsurface release occurring from the WCS moving laterally away from the 
WCS” could be misleading.  


(b) there are size and depth constraints on detection even of a highly conductive, 
laterally moving contaminant plume with the techniques used. The best chance for 
detection would certainly be within a thick, near surface sand and gravel lens in 
the brown clay.  A conducting plume within a small lens at depth in the brown 
clay, or in the sand and gravel unit beneath the gray clay (section 3.1.2.3) would 
almost certainly not have been detected by the geophysical surveys. 


Regarding the cut-off walls,   paragraph 2, section 15.1.1.3, page 97 states that “Based 
upon the geophysical data, the cutoff wall is interpreted to be intact and not 
compromised.” I agree with the earlier statements to the effect that they had identified no 
anomalies in the geophysical data that would suggest significant breaches, but not this 
statement which could be taken to imply that the cutoff wall is intact. 


The cut-off walls are constructed of  compacted brown clay taken from the excavation 
and from other locations on site (reference the Bechtel report referred to above)  This 
material is emplaced within the brown clay unit and then a further one or two feet into the 
Grey Clay unit below. So we have compacted clay within uncompacted clay. The EM-31 
(Figure 5-3) and Electrical Imaging (Figs 9-2ff)  data exhibit no consistent conductivity 
contrast across the cut-off wall (for example, along the eastern cut-off wall in Figure 5-3). 
The compacted clay wall and native clay appear to be undifferentiated. 


So, what would a “breach” look like electrically?  And how large a breach at what depth 
might be detected with this technique? Put another way, is there agreement on what is 







and is not a “significant” breach. Without a discussion of these points I believe the 
statement quoted at the beginning of this paragraph is misleading.  


Returning to the initial question “Was the work adequate..?”, the answer is no, but nor 
was it meant to be. I am sure that the authors are aware that there are limitations to 
detectability of geophysical methods, but they have not  - in my view - made them clear 
in the report. Perhaps there was some understanding with the original client for the work 
as to what minimum acceptable leakage, breaching, etc. would be acceptable. But these 
understandings, if indeed they existed, are not passed on to the general reader.  


d. Were the surveys adequate to draw any conclusions regarding the presence, 
absence or distribution of sand lenses within the till or clay deposits?.  


 “SAIC did not interpret any anomalous zones within the WCS that may be attributed to a 
contaminant plume, sand and gravel channels, or inconsistencies within the clay cutoff 
wall”  (underlining mine) 


The statement with regard to the sand/gravel lenses is reasonable, once again,  as long as 
it is understood that it only rules out  lenses below a  certain size and depth and having a 
resistivity contrast with their surroundings below some limit.  Two dimensional 
numerical modeling methods are available for the Electrical Imaging (EI) technique that 
could have been used to give the reader some idea as to what these limitations would be.  


Table 9-2 does address this issue partially. The electrical resistivity contrasts associated 
with various materials and features such as faults and voids are tabulated. But no mention 
is made of detection limits, and a more quantitative sensitivity analysis – which I believe 
could  have been done – is not presented. 


e. Are there additional studies that should be considered?   


I emphasize that the geophysical surveys are extensive, well conducted and the data well 
presented.  


Some field verification (digging, trenching, drilling) of  identified geophysical anomalies 
is normally undertaken, mainly for metallic targets but also for conductive, potentially 
contaminated areas. If verification has not been undertaken then the client should be 
asked why?  


I would recommend a restatement of the conclusions in the report to indicate as 
quantitatively as possible  the limitations of the interpretations as to  size, depth, property 
contrast, etc..  My sense is that, if this were done, the survey would still be judged very 
useful by having eliminated many potentially significant failings at the site.   


Other surveys and objectives. 







I have concentrated on the questions asked in your “scope of work”. I have not 
commented on the metal detection surveys (magnetometer, EM31 quadrature phase, 
EM61); these seem to have been well done although  I have the same issues regarding 
what targets could have been missed. Similarly you did not ask specifically for comment 
on the work (seismic, CSAMT) that was mainly designed to look at the geology below 
the waste and overburden. The authors have pointed out that vertical migration of 
contaminants through sand and gravel deposits into the bedrock – should downward 
hydraulic gradients exist - would be very difficult to detect. No anomalies that could be 
associated with “major” faults or fracture zones in the bedrock(s) were identified. Again  
the resolution of the bedrock surfaces with CSAMT or seismic methods has limits and 
some reference should be made to these limits.  


SUMMARY OF MAIN POINTS 


• The SAIC geophysical surveys are well conducted and the data well presented 
and interpreted. 


• The limitations of these geophysical interpretations when used to infer 
hydrogeological conditions may, however, not be clear to the reader. 


• Specific examples: 
o The absence of interpreted electrically conductive geophysical plume 


anomalies from the WCS does not preclude the presence of non-
conducting groundwater plumes. It is not clear that the radioactive 
contaminants of interest are conductive,  or that they associated with 
associated with conductive materials. 


o It is not clear that breaches in the cut-off wall would be more or less 
conductive than the wall itself, given that it as clay wall emplaced in a 
clay formation. 


o Plumes, breaches in the cutoff wall and sand/gravel lenses, even if they 
have conductivity contrasts with their surroundings, must be of a certain 
minimum size and depth of burial to be detected with a given geophysical 
technique. 


• These shortcomings in the report could be remedied fairly easily by sensitivity 
analysis, numerical modeling of the geophysical responses of the targets (plumes, 
cutoff walls, etc.).  


• If these limitation of the geophysical interpretations were explained,  it is my 
opinion that the survey would still be judged very useful by having eliminated 
many potentially significant hydrogeological failings at the site.   


• Normally field verification is carried out for  some subset of the geophysical 
anomalies identified in the survey. If this has not occurred the client should be 
asked why. 


 


Yours Truly 


John P. Greenhouse, P.Geo(Ontario), PhD 
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Mr Scott King        August 22, 2007 
King Groundwater Science, Inc 
P.O. Box 94, Buffalo NY 14207, USA         
 
Dear Scott: 
 
I am writing with comments pertaining to your emailed queries of May 10 and July 20, 
2007, regarding geophysical surveys of the LOOW site.  I have broken these responses 
into three sections.. The first addresses your questions regarding Ground Penetrating 
Radar surveys. The second addresses questions regarding seismic surveys and 
groundwater levels, and the third  


 
 A: GROUND PENETRATING RADAR 


 
“I am interested in your opinion of the techniques used, their applicability at this 
site and whether there is enough information to determine if their surveys could 
have detected (or missed) waste burial areas.” 
 
I have reviewed the reports 1, 2 ,3 and (relevant parts of) 5 listed in the bibliography at 
the end of this letter. They describe Ground Penetrating Radar (GPR)  surveys at Vicinity 
Properties E,G,H,L and M. The GPR technique was around in the early 1950s but its 
modern development really began in the 1970s. These 1982-83 surveys of reports 1-3 
were run in the early stages of this development. The physics of GPR has not changed but 
recording and processing technologies are greatly advanced compared to 20 years ago, as 
is our experience in interpretation. 
 
The 1982-83 GPR surveys were carried out  to: 


(i) inspect potential borehole locations for subsurface obstacles prior to 
drilling  


(ii) verify the existence of buried pipes and utilities shown on the site map 
(iii)  search for evidence of buried materials, usually in selected area of the 


site, including utilities not shown on the site map. 
 


The “buried materials” that produce the strongest radar reflections are metals such as 
drums, rebar, pipes, etc.. The category also includes variations in ground conditions – for 
example, localized contamination by leachate or DNAPLs, or areas back-filled with 
foreign materials – that can produce recognizable changes in the character of the radar 
records. (Natural contacts between geological strata can also produce measurable 
reflections but these are usually separable from the real  targets of these surveys by their 
planar nature.) 
 
Applicability of GPR.  
 
GPR surveys were appropriate for objectives (i) and (ii) where detection at very specific 
location and depth ranges was required. These surveys seem to have addressed objectives 
(i) and (ii) successfully.  GPR was not, in my view, the most appropriate technology for 







objective (iii) but, since the equipment was mobilized for objectives (i) and (ii)  it was 
reasonable to use it for objective (iii).  
 
Nevertheless, the issue to be addressed here is objective (iii) and whether or not the GPR 
surveys have adequately  characterized the buried materials in these areas. My 
conclusions are given in the Summary section below, and my reasoning follows. 
 
a. Penetration. Electromagnetic (EM) waves travel huge distances through empty space 
to bring us pictures from the Moon and Pluto, but when one tries to transmit them 
downwards into the Earth there are serious limitations. Anions and cations in the soil can 
be moved back and forth by the alternating electric fields but they extract energy in the 
process. At radar frequencies it is also possible to stretch molecules that have an offset in 
their positive and negative charge distribution, and this also absorbs energy from the 
downgoing wave.  The EM fields can also lose energy in magnetizing materials having 
appreciable magnetic permeability. Thus the electrical conductivity σ, the dielectric 
permittivity ε, and the magnetic permeability μ all influence the penetration of  the EM 
radiation aimed downwards by a GPR transmitter. The actual mechanisms of energy loss 
are fairly complicated, and also frequency (f) dependent. Higher frequency antennae (e.g. 
500MHz) produce sharper images but have less penetration. Lower frequency antennae 
(e.g. 100MHz) penetrate farther but have poorer resolution of small objects. 
 
Of the four properties σ,ε,μ and f, σ is almost always the most important. So in 
evaluating the applicability of GPR to a site the first question is always – “what is the 
electrical conductivity of the shallow subsurface”.  
 
My first comment on the three reports is that not one of  them address this question!  I 
therefore looked through the  EM-31 (terrain conductivity )data presented in the  SAIC 
(2003) report. This device reads a  more-or-less average electrical conductivity to a depth 
of a 1-2 metres. With reference to Figure 5-3 in that report, it appears that a reasonable  
background value for near-surface conductivity is in the range 20-35 milliSiemens per 
metre (mS/m). Locally, in vicinity G in particular, the conductivity is considerably 
higher.  
 
Peter Annan, President  of  Sensors and Software and a pioneer of the GPR technique, 
used a very simple and conservative rule of thumb that penetration was probably not 
going to be much more than a depth (D):  
 


D = 35/σ.   (1) 
 
In our case, this translates into 1-2 metres. Equation (1) does not take frequency into 
account and is probably more appropriate for the equipment of the 1980s than for today. 
  
Figure 1 shows the depths listed for GPR anomalies (excluding known utilities) at the 5 
Vicinity Property sites. Note that the median depth of detection falls well within the 
range predicted by equation (1).  It is, of course, quite possible that there are no 







significant targets for the radar below 2 metres, but the preponderance of evidence also 
suggests that these 20 year old data are not “seeing” below 2 metres.  
 


b. Sampling.  The second point to make about these data is they are only sampling a 
portion of the subsurface. They do not provide complete coverage of the subsurface 
below the grid area and in most cases the survey grid did not extend over the entire 
vicinity.   
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Figure 1. The range of depths for targets identified in the Vicinity Property areas (from left 
to right): G(north), G(south), G(swamp), L and M combined and H (vicinity E had no 
targets). Small squares denote median value. 80% of the depths lie within the shaded bars. 


 VICINITY SURVEY LINE SPACING 
E 5m 
G Mainly 10m, some 5 
H 10m 
L 20m with some 5m coverage 
M 20m with some 5m coverage 


Table 1.  GPR survey line spacings for the 5 vicinitiy properties.   


 The spacings of the radar survey lines at 
each site  are given in Table 1. The beam of 
a GPR transmitter (the analogy being to a 
flashlight illuminating the subsurface) is 
quite complex, but it is fair to say that the 
illumination does not in general extend 
beyond 45o on either side of the vertical. So, 







if the survey lines are L metres apart, there is a triangular area (the central one in  Figure 
2) within which targets are less likely  to be detected. In that sense, particularly for lines 
spaced by 10 or 20 metres, the survey should be viewed only as a sampling of the 
subsurface beneath the grid  to a depth of 1-2 metres.   
 
c. Reliability of the interpretations.  No actual records are provided so it is not possible 
to independently check the interpretation of the targets. However the contractor, 
Detection Sciences Group(www.detectionsciences.net.), is still in business 24 years later, 
which strongly suggests that they were (and are) competent geophysicists  


 L


 
Figure 2. Schematic radar illumination (outer trianges) for two transmitters 
(red) run along lines spaced by L metres. The volume not surveyed is shown 
in the central inverted triangle. 


 
 
Summary  
My conclusion is that the 1984 GPR surveys were appropriate for objectives (i) and (ii) 
but that terrain conductivity methods, such as were employed by the SAIC group 20 
years later, were much more appropriate for objective (iii), a regional scan for buried 
waste in the upper few metres. The Terrain Conductivity method is faster, less expensive, 
and provides better coverage than widely spaced GPR lines.  
That said, these GPR surveys do provide a reasonable image of subsurface conditions 
under the survey grids, subject to the following limitations. 


(i) The depth of penetration was most probably less than 2 metres.  Waste 
materials below that depth are unlikely to be well characterized. 


(ii) There are “blind spots” between widely spaced lines that are not likely  
imaged. The GPR surveys are therefore only providing a statistical sampling 
of the subsurface beneath the gridlines.  


(iii) Without the original data the interpretations claimed can not be independently 
checked. 


 
Could GPR do a better job in 2007?   
There is no doubt that modern GPR technology could do a better job of imaging the 
subsurface than the 1980s equipment. The full spectrum of oil field seismic processing 
techniques can now be applied to radar data. Radar tomography can provide three 
dimensional imaging of subsurface targets under suitable conditions. 
 







The fundamental limitations remain the same, however; these surveys are expensive, 
illuminate with a narrow beam that requires closely spaced lines for complete coverage, 
and the penetration is low and often variable over the site (depending on conductivity).1


 
In 2001 the SAIC group performed limited GPR surveys in “Area IV”,  which lies to the 
west of the IWCS, and in Vicinity G. These surveys are described in sections 13 and 14 
of the SAIC(2003) report. 2


 
The signal penetration in Vicinity G is described as “extremely poor” for both 200 and 
500 MHz antennae, and no reflections were observed. In Area IV a number of anomalies 
were observed with the high frequency (500MHz) antennae, but penetration was limited 
to 1.5 metres  The 200 MHz antennae did record reflections from geological strata to an 
estimated depth of 9 metres.  
 
GPR is still best used to investigate in detail targets that have been selected as in 
objectives (i) and (ii), or detected by other means, for example magnetic or terrain 
conductivity surveys.   
 
“Do you think that you could estimate the coverage or percentage of subsurface 
imaged in the surveys?  Or comment on the size of  an object that could be 
“detected””?  (Your follow-up question from an email of July 20)” 
  
I would prefer not to hazard a guess on either issue because the GPR beam depends on 
the equipment and on the local ground conditions.  In large scale surveys today (for 
example, for unexploded ordnance) it is good practice to establish a small test site in the 
area of interest and place within it, and at various depths, typical objects that are of 
concern. Surveys run over the test site give the client and the geophysicist more 
confidence in the capabilities and limitations of the equipment. 
 
 
B.  SEISMIC REFRACTION DATA: INTERPRETED WATER 
TABLE VERSUS WELL DATA OUTSIDE THE WCS. 
 
“Can the water table be detected inside the IWCS using the seismic work”  
 
On the telephone we had discussed the issue of detecting the water table inside the IWCS 
using seismic refraction techniques, and comparing those data with water levels measured 
outside the IWCS to infer the integrity of the cut-off wall.   Seismic refraction, using  P- 
(compressional)and S- (shear) wave modes, is in principle a very good technique for 
detecting the water table. The presence of a P-wave refracting horizon separating 


                                                 
1 It should be noted that when surveys for unexploded ordnance are to be carried out over very large areas 
(a firing range, for example) a statistical approach is often used. That is, the survey grid is designed to 
provide coverage of only a certain percentage of the subsurface. The number of UXO present under the 
entire area is inferred from those detected in the sampling survey.  GPR surveys could be run on widely 
spaced lines using this approach; however, statistical data are not always well received by laymen! 
2 Oddly, the SAIC report does not refer to the earlier Detection Sciences Group report on GPR surveys. 







materials with velocities less than and greater than 1500 m/sec (5000 ft/sec), coupled 
with the absence of that horizon on the S-wave records, is strong evidence for a water 
table. (Shear waves do not detect the water table (SAIC, 2003, section 12.2.1, p77 para. 
5)).  The accuracy of depth calculations for that horizon from the P-wave data should be 
about 10% under favourable circumstances. 
 
As far as applying this to the existing data from the IWCS, I have advised you of some 
unresolved issues.  One note made by a board member and provided to me appears to 
have compared water table levels from wells with S-wave (rather than P-wave) data from 
pages 21 and 41 of Appendix D of the SAIC report, and may have drawn some incorrect 
conclusions as a result. We had hoped to sort this out with the individual in question but 
this has not yet happened. 
 
I am not able to locate the seismic P-wave survey lines from Appendix C on the IWCS 
and thereby compare them directly with the S-wave data.  However, another set of figures 
were provided to me, identified as Figures 5-1, 5-3, 5-5, 5-7 and 5-9 from a SAIC report 
(but not the one I have) show P-wave cross-sections along lines 5,6,7 and 8. (My SAIC 
report lists data for P-wave lines 7 through 29 in Chapter 10 and Appendix C, but the 
lines 7 and 8 here do not coincide with those lines in the aforementioned set of figures.) 
 
An examination of  these Figures 5-3, 5-5, 5-7 and 5-9 report will show that, for the most 
part, the correspondence between water tables in nearby wells and the seismic horizon 
above the 5000-6000ft/sec  layer is good. 
 
In answer to your question, then, I conclude that in principle seismic P- and S-wave 
surveys can be used to monitor the water table in the IWCS with an approximately 10% 
accuracy, and that the data would appear to confirm this is the case in practice.  I will 
reserve a final judgment on that last point until I can sort out the issues described.     
 
 
C. VICINITY G OVERALL. 
 
“Have you looked at the entire packet of work that SAIC did for that area from the 
perspective of whether their interpretations of locating potential burial areas makes 
sense?  This is the area of the infamous Rochester Burial Area (laboratory debris 
and animal carcasses disposed of from experiments at University of Rochester 
during the 1950's, and also plutonium isotopes). My perspective is that I would like 
to be assured that the subsequent excavations based on the geophysics were in the 
most likely spot to find the burial area”.  
 
The relevant documents for geophysics are again the 1982 Detection Sciences Report (1), 
the 2003 SAIC (4) report and, for trenching, the 2004 FUSRAP fact sheet (5).   The  EM-
31 scans of this area provided in SAIC Figures 14-3 and 14-4 are an excellent overview 
of the physical properties of the upper one or two metres. As stated earlier, I do not 
believe the GPR data have contributed any useful data.   
 







Excavation and later infilling of an area would be expected to leave the soil with slightly 
different electrical properties. Typically the infill is less compact, capable of holding 
more moisture, and hence slightly more conductive than its surroundings. 
 
In the FUSRAP document they state: 
 
“The Corps’ team identified one near-surface area of interest (where electrical 
conductivity readings were higher than background) within the vicinity of the 
former U of R burial area, indicating possible buried metallic debris.  
The Corps targeted this area for trenching activities. The excavation of soil was 
selected to investigate the suspect burial area since it allowed for better physical 
identification and investigation of a larger amount of soils than standard drilling 
techniques. “ 
 


 
 


 
Figure 3.  EM-31 coverage of VPG extracted from SAIC report Figure 14-3.  


 


With reference to Figure 3, it is not clear that there is an area of high conductivity in the 
supposed site of the University of Rochester burial area (outlined by a square). To the 
east, on the other hand, there is a broad area of higher conductivity (circled and identified 
as anomalies GF, GG, GH) which the original SAIC report “attributes this …response to 
a change in the soil and/or fill material”.     
 
The decision to trench primarily in the suspected burial site does not seem to have been 
based on the historical rather than the geophysical data. Is there any chance that the 
former is flawed? 
 
 







D. OTHER ISSUES 
 
On a broader front, do you think there are aspects of the overall 
geophysical surveys that you think you should look at in detail that you 
didn't before?  I was specific in my requests before, but based on what you 
think my concerns are with the site, if there are issues that occur to you, 
let me know.  
 
None come to mind..  
 
Sincerely 
 
 
 
 
 
   John P. Greenhouse, PhD, P.Geo(Ontario) 
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Appendix G 


Vicinity Property G, the Castle Garden Dump and the Rochester Burials 


 
During the 1940s and early 1950s, part of the LOOW site was used by the Atomic 
Energy Commission (AEC) for waste disposal.  


“The land shown on Map A-53 which includes the areas bounded by Campbell Street, 
Wesson Street on the east; ”H” Street on the north; McArthur Street on the west; and the 
line 100 feet north of “N” Street was used by the Commission in the past as a burial or as 
an above ground dump” (U. S. Atomic Energy Commission, 1954 page 3, para 2) . 


A 30 acre portion, known as Vicinity Property G (VPG), of this rectangular area north of 
the NFSS was used for the disposal of some specific radioactive materials.  This area is 
delineated by M Street to the north, the fence line with the neighboring NFSS to the 
south, Castle Garden Road to the east and Campbell Road to the west. The Castle Garden 
Dump, within VPG, is located south of M Street and west of Castle Garden Road.  The 
dump area contained contaminated and uncontaminated debris and extensive building 
rubble (some from the Linde site in Tonawanda), ashes, bricks, residue, process material, 
drums, transite, insulation, cesium gaps and assorted scrapped equipment (U. S. Atomic 
Energy Commission, 1954 page 4 (e)). 


From 1953 onward, several attempts at clean-up of VPG and its neighboring vicinity 
properties were made (Thornton W. T., 1970; U. S. Atomic Energy Commission, 1954).   
Comments on the various efforts on VPG follow. 


1953-1954 Clean-up 
 Hooker Electrochemical Co. acting as site caretaker and in close collaboration with the 
Atomic Energy Commission, (AEC) removed surface contamination and disposed of it in 
one of two locations (a) the New Navy Dump area in the northern section of the NFSS 
site or (b) a burial area on VPG itself, located approximately 150 feet due north of the 
abandoned farmhouse on VPG (Malone F. W., 1953 page 1, item 4). 


The location of this burial area was recorded on a Hooker map, A-53, along with the 
location of a prior burial of animal remains from the University of Rochester.  There is 
conflicting evidence as to the location of the animal burial.  A 1953 memorandum  
describes the location of the Rochester animal disposal as being 200 feet east of the 
farmhouse, the location to be included on the Hooker A-53 map (Malone F. W., 1953 
page 2, item 5).  However, the A-53 map subsequently produced by Hooker shows it to 
be 88 feet due east of the abandoned farmhouse, as shown in U. S. Army Corps of 
Engineers(2004 Fig. 2). 


1970-1972 Decontamination. 


 In 1970 the AEC investigated reports of elevated radioactivity levels on private property, 
including VPG by carrying out spot check radiation surveys on lands surrounding the 
AEC Niagara Falls site (Thornton W. T., 1970).  A follow up radiological survey in June 
1971 confirmed VPG was still contaminated with both surface contamination and 
subsurface contamination and investigated the two VPG burial areas specified on the 
Hooker A53 map. 
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Area A.- University of Rochester Animal Burial as recorded on 1954 Hooker Map.  An 
area approximately 25’ X 25’ was excavated to a depth of 5’ and revealed 6 garbage cans 
contain primarily a soft whitish material but including a few small bottles and test tubes. 
Only one can had significant contamination on it – a small spot reading 30r/hr. 
Contaminated can was removed to AEC site.  No further decontamination in this area is 
required. (No stakes in this area.) 


 Area B – Recorded as contaminated metal burial area on 1954 Hooker Map. 
Contaminated drums were found in an area 20’ X 70’ to a depth of 10’.  Maximum 
radiation level found was 50mr/hr and several readings of 10 – 20 mr/hr were observed in 
this area. Decontamination is estimated to require removal and back fill of about 500 cu 
yds.  (Area marked by stakes #103, 104 and 105.)” 


No animal remains were found in the location identified as the Rochester Animal Burial 
on the Hooker A53 map. 


The decontamination effort in 1972 removed contaminated timbers and rubble from two 
locations on VPG and soil to a maximum depth of 18” in 5 other VPG locations (U.S. 
Atomic Energy Commission, 1973 Appendix I, Table V). 


One spot on VPG, which was located during the June 1971 survey was found during the 
June 1972 cleanup to have been disturbed by the property owner such that the radiation 
level was below a level requiring decontamination(U.S. Atomic Energy Commission, 
1973 Appendix I page 17). 


1983-1986 Survey and Decontamination. 


Following a 1980 Battelle survey of the NFSS site, where areas supposedly 
decontaminated by the AEC in 1972 were found to be still contaminated, the Department 
of Energy (DOE) resurveyed all private land which had formerly been used by the AEC 
at the LOOW site. This included VPG, where the radiological history of the property was 
reviewed and three major areas of concern were identified (Oak Ridge Associated 
Universities, 1984 Fig. 2) 


(a) The Castle Garden Dump where miscellaneous contaminated and uncontaminated 
scrap, building debris and equipment from a variety of sources, including the 
Linde Plant, was dumped on the surface. 


(b) The contaminated metal area from 1953, 150 feet north of the farmhouse. 


(c) The University of Rochester animal burial area, 88 feet east of the farmhouse. 


A comprehensive survey of VPG was carried out in April through June 1983 by the 
Radiological Site Assessment Program of Oak Ridge Associated Universities.  The 
survey noted that the two previous burial sites had been excavated in 1972.  The survey 
included surface radiation scans, measurements of direct radiation levels and analyses for 
radionuclide concentrations in soil and water samples, both surface and subsurface. 
Ground penetrating radar surveys were carried out in two sections, a north and a south 
section of VPG (Oak Ridge Associated Universities, 1984 page 20). 


The purpose of the ground penetrating radar survey was to (i) identify any potential 
subsurface obstructions in the area of proposed boreholes for subsurface testing and (ii) 
identify any material still buried in the metal burial area, 150 feet north of the farmhouse. 
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Part of the eastern section of VPG could not be surveyed because of the presence of large 
aeration ponds (fac ponds1 and 2), which had been constructed on VPG subsequent to the 
1972 survey. 


The ground penetrating radar survey in the northern section showed extensive buried 
concentrations of solid material, thought to be similar to the construction debris noted on 
the east side of Castle Garden Road, along with two areas of non-ionic liquids, buried 
under 5.5 feet of earth (Detection Sciences Group, 1983). 


The ground penetrating radar survey of the southern section showed several buried 
objects whose signature was consistent with that exhibited by a 55 gallon drum.  Visual 
inspection of the surface of this southern section showed the rusted remains of several 55 
gallon drums either partially or totally exposed above ground. The presence of these 
drums suggested that the area may have been used as a disposal area.  Those objects 
suspected of being buried drums were all located 2 to 3 feet below ground (Detection 
Sciences Group, 1983). 


The results of the comprehensive survey of VPG showed contamination in numerous 
areas of the western section of VPG exceeded guideline levels.  On the west central 
portion of the site the contamination was associated with pieces of rock-like material and 
building rubble. In the southwestern portion of the property the contamination appeared 
to be associated with pieces of debris and scrap metal, close to the location of the 1953 
metal burial, which was excavated in 1972 by the AEC.  Ground penetrating radar 
showed several subsurface metal targets, located 3 to 4.5 feet below ground, which 
resembled disposal containers in the previous burial site area. 


In 1986, in its capacity as DOE’s Project Management Contractor for the NFSS, Bechtel 
National Inc. removed radioactively contaminated soil from VPG (Bechtel National Inc., 
1989). 


 Forty five areas on VPG were decontaminated and backfilled (see figs 19 through 24 
describing excavation and backfilling in sections 1 through 5 of VPG.)  Excavation was 
to a depth of 0.5 feet except for one small excavation to a depth of 1.3 feet in section 2, 
one excavation to a depth of 1.5 feet in section 3, four small excavations to a depth of 1.0 
foot in section 4 and four excavations in section 5: one to a depth of 5.6 feet, one to a 
depth of 4.5 feet  and two to a depth of 1.0 feet (Bechtel National Inc., 1989 pages 28 - 
33). 


Reviewing the details of the remediation work carried out by Bechtel in 1986, it is clear 
that no attempts were made to remove buried drums or investigate subsurface anomalies 
on VPG, despite the previous ground penetrating radar study in April 1983, which 
identified subsurface metallic objects remaining in a previous burial site. 


There appears to be no detailed record of the exact location the drum excavation 
subsequently undertaken by Bechtel in 1987, as described in an investigation report sent 
to the EPA by a Bechtel representative  (Ahrends, 1987). 


This investigation report suggests that Bechtel were still unaware of the earlier April 
1983 ground penetrating radar study at the time of their VPG drum removal exercise.  
The 1987 drum removal operation appears to have focused on one localized area where 
drums had been accidentally spotted at the end of the remediation effort. 
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Analytical test data for the drums recovered revealed that the drums contained remnants 
of K65 residues and organic tar-like materials (Ahrends, 1987).  Thirty one radiologically 
contaminated drums were removed, along with 90 drums of spilled organic sludges 
(Ahrends). 


2001-2002  USACE University of Rochester Burial Area Investigation. 
In 2001 the US Army Corps of Engineers (USACE) conducted an investigation into the 
University of Rochester Burial Area on Vicinity Property G. A focused frequency 
domain electromagnetic (EM-31) survey over the southern portion of VPG, south of the 
gravel road was carried out in order to look for buried metal or changes in soil, which 
might indicate a burial location (U. S. Army Corps of Engineers, 2004). 


 The survey indicated one area of possible metallic debris burial in the vicinity of the 
University of Rochester burial area, as described in the Hooker A-53 map – 88 feet east 
of the disused farmhouse. A 65 foot long by 12 feet deep (at its maximum depth) trench 
(TG01) was dug to explore the burial site. At a second trench site (TG02) a rusted metal 
trashcan was found at a depth of between 6 inches and 3.5 feet below the surface. The 
can contained laboratory debris, consistent with material which would have been 
generated by the U of R in the mid 1940s. In all 6 trenches were dug over the course of 
the investigation. 


Trenching in TG 01 revealed a contaminated pelvic bone from a small mammal one foot 
below the surface. The bone exhibited elevated strontium-90 and plutonium-239/240 ( Sr-
90 detected at 306 pCi/g  and Pu 239/240 at 8.08pCi/g) 


USACE carried out a comprehensive investigation of the area identified by Hooker 
Electrochemical as being the location of the University of Rochester Burial site. 
However, USACE did not adequately investigate the earlier documented report of the 
University of Rochester Burial being 200 feet east of the farmhouse. This area in the 
vicinity of the southern part of the CWM facultative ponds and close to an original small 
pond on site corresponds to a 1954 reference to the location of the University of 
Rochester Burial (U. S. Atomic Energy Commission, 1954 Fig 3). 
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Historical Notes Concerning Radioactive Waste from 


the Knolls Atomic Power Laboratory on the LOOW Site 


 
Radioactive contamination on the LOOW site is usually associated with the presence of 
radium, thorium and uranium from the storage of radioactive residues and wastes in 
connection with the Manhattan Project.  However, from the late 1940s up until 1954, the 
Atomic Energy Commission (AEC) used the LOOW site (also known as LOSA or Lake 
Ontario Storage Area) as a storage and disposal site for a variety of nuclear wastes, 
including nuclear reprocessing wastes from the Knolls Atomic Power Laboratory 
(KAPL) at Schenectady, NY, which was operated by General Electric on behalf of the 
Atomic Energy Commission (AEC). 


The KAPL wastes generated by the Separations Process Research Unit (SPRU) at KAPL 
contained fission products and transuranic materials including plutonium.  The SPRU 
facilities were built between 1947 and 1949 in response to a request by the Hanford 
Reservation to construct a pilot plant for the new REDOX chemical extraction process to 
separate plutonium and uranium from mixed fission products in irradiated reactor fuel. 
KAPL successfully established the REDOX process using the SPRU facilities, then went 
on to modify the facilities to develop a new continuous solvent extraction process called 
PUREX, which was subsequently adopted by the Savannah River project. By the summer 
of 1953, KAPL terminated SPRU research activities and placed it on standby.  Clean-up 
of the KAPL SPRU facilities is currently underway at a cost of $67 million dollars.  


During the three year time period the SPRU operated, it soon became apparent that 
disposal of the radioactive wastes generated by KAPL was going to be problematic. A 
KAPL Radioactive Waste Committee was set up to address waste issues. A 1951 report 
describes incineration, liquid waste disposal and high level solid waste storage as well as 
detailing difficulties in development of satisfactory methods of incineration of radioactive 
wastes, a growing back log of combustible wastes and the problem of ultimate disposal of 
solid radioactive wastes. 


In the case of the problem of ultimate disposal of wastes the report states, “Progress was 
made on the problem of ultimate disposal; it now appears that there is a good possibility 
that the Lake Ontario Ordnance site, which is under the jurisdiction of the AEC, may be 
used for disposal of all solids except highly radioactive combustible waste” (1).  


The use of the LOOW site for storage of KAPL wastes was confirmed in a meeting 
between Schenectady Operations Office, New York Operations Office and the Reactor 
Development Operations Office, Washington D.C. in November 1951.  An accumulated 
20 tons of combustible radioactive waste and 150 tons of non-combustible radioactive 
waste were to be moved from the banks of the Mohawk River, where it constituted a 
hazard to the public water supply, to a more remote and less hazardous location at the 
LOOW site (2).  


According to the meeting report, “The question of using the incinerator at LOSA for 
burning the combustible waste was discussed.  However, Mr. Cherubin opposed this on 
the grounds that a specialized incinerator is needed for this type of operation.  The one at 
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LOSA is not adaptable and should not be used.  Schenectady representatives agreed that 
about 50% of highly contaminated waste will be incinerated at their own plant and 50% 
of low level combustible waste will be stored at LOSA.  They will do everything to hold 
the volume of highly contaminated waste to a minimum” (2). 


KAPL issued recommendations on the segregated, under cover storage of the wastes and 
agreed Building 8451 (the concrete compressor building), was suitable for storage. 


Future operations at KAPL were expected to produce additional wastes of 85 drums of 
hot slurry (fission product material) a year while combustible waste would be at current 
levels. Other wastes would comprise 20 boxes (4’x 4’x 4’) of cold incinerator ash and 82 
boxes of non-combustible wastes (2). 


Shipment of KAPL wastes to LOOW commenced in January 1952.  A detailed report of 
the shipment, involving 7 rail cars of wastes, was issued, describing the storage of wastes 
and documenting personnel exposures (3).  The wastes included 191 stainless steel drums 
of hot slurry fission product waste, 217 carbon steel drums of solid radioactive waste, 
nine 275 gallon storage tanks and 207 waste boxes of solid combustible and non-
combustible wastes. The storage tanks may have been used to store canned contents of 
some of the carbon steel drums under water, as described in the 1951 KAPL waste 
disposal report (1).  This possibility is supported by the 1952 waste shipment report 
referring to empty carbon steel drums stored with the waste boxes along one wall of the 
compressor building (3).  The unstated implication is that there may have been non-low 
level waste from the carbon steel drums that was stored under water to reduce radiation 
exposure. 


Further details of the radioactive waste disposal practices of KAPL are described in a 
1958 paper (4).  The paper puts forward a careful and considered approach to waste 
disposal by KAPL, but this may not be entirely accurate. For example, discharge of liquid 
radioactive wastes to the Mohawk river was, according to the paper, inaugurated in June 
1955 after considerable investigation by the U.S. Geological Survey and co-operation 
between New York State Health Department, General Electric and Harvard University, 
but in fact, liquid radioactive wastes were being discharged to the river as early as 1951.  


During 1952, the Reactor Development Division, Washington D.C. made efforts to 
identify Commission–wide disposal facilities for radioactive wastes and visited the 
LOOW site to discuss the further use of the LOOW for the disposal of various types of 
laboratory and production radioactive wastes (5).  


In August 1952, it was agreed that the abandoned boiler plant at LOOW, Building 401, 
could be used for storage of additional radioactive wastes, which had accumulated at 
KAPL since January 1952.  The 225 tons of contaminated material in the original 
shipment to LOOW from KAPL, was to be followed by an estimated 100 tons per year, 
to be shipped every 6 months (6). 


In September 1952 concerns were raised regarding the long term use of Building 401 for 
KAPL waste storage, owing to the possibility of alternative use of the Boiler Plant in the 
near future.  Washington was also advised, “Your attention should be called to two facts 
about the LOSA.  Experience has shown that because of prevailing weather, long term, 
outdoor storage is not feasible, even in steel containers and also that a previous study of 
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the local geology indicated that any method of storage which would permit uncontrolled 
seepage into the ground would not be advisable” (7). 


 In June 1953 KAPL requested permission to ship a third consignment of radioactive 
wastes to LOOW, which gave rise to complaints that the Division of Reactor 
Development had not formulated a long-range program to dispose of such wastes. 


“On November 19, 1951, a meeting was held with KAPL representatives and Mr. 
J. A. Lieberman, Sanitary Engineer, Division of Reactor Development, AEC 
Washington. It was our understanding at that time that we agreed to store the 
accumulated wastes at KAPL up to that date but that the Division of Reactor 
Development would formulate a long-range program for the disposal of such 
wastes in general.  Since that time, additional wastes have been sent to LOSA for 
storage with the understanding that each one would be the last shipment” (8). 


A June 1953 radiological survey confirmed the presence of KAPL wastes stored in the 
Boiler Plant (Building 401) and the Compressor House (Building 8451).  The survey 
noted that, “Radiation emitted from the Schenectady wastes stored in the boiler house 
supplied the highest readings.  Values from 0.1 mr/hr found at the West door of the boiler 
house (approximately 150 feet from the storage area), to 2,300 mr/hr found on top of one 
of the waste drums” (9).  The presence of plutonium, zirconium and lanthanum was also 
noted.  The survey went on to recommend that the Schenectady wastes should be moved 
to another location in the newly designated AEC area, provided the new storage building 
was completely covered by roof and walls, was fairly dry and appropriate precautions 
were taken to protect personnel (9). 


In August 1953, Washington was advised that there would be space at LOOW for only 
three of the nine carloads of waste being prepared for shipment to LOOW from KAPL 
(3rd requested consignment).  Plans were made to approve outdoor storage of the 
drummed wastes.  


“Quidor said NYOO had some reservation about storing boxes and bales of 
combustible radioactive material out of doors, but was agreeable to outside 
storage of the steel drums holding radioactive sludges.  He said if KAPL would 
approve outside storage of these drums there would be adequate inside storage at 
LOSA for all the earlier KAPL waste in boxes and those in the proposed nine-car 
shipment.  This inside storage would be within the area at LOSA for current and 
future use and would include the two areas studied by the USGS as possible sites 
for a burial ground for radioactive wastes.” 


This plan was modified when additional indoor storage became available in the LOOW 
sewage treatment plant buildings. 


“On August 25 Quidor called again and said NYOO had decided to enlarge the 
area to be used for its new operations, and this would include the sewage 
treatment plant of the former Lake Ontario Ordnance Plant.  The buildings have 
been stripped of most of the plant operating facilities such as pumps and motors.  
It is now proposed to store KAPL combustible wastes in the abandoned pumping 
station at this plant” (10). 
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The third consignment of KAPL waste, nine rail car loads, was shipped to LOOW 
starting on August 27, 1953 (11). 


In September 1953, a health and safety meeting was held between NYOO, Hooker and 
the Cleveland office of AEC, where the designation of buildings in the Baker Smith area 
for storage of the KAPL Schenectady wastes was discussed.  The need for repair of the 
buildings in the Baker Smith area was noted (12).  The poor state of repair of buildings in 
this area is again referenced in a December 1953 letter, which discusses a suggestion by 
Hooker, the site custodian, to burn down one of the KAPL storage buildings, radioactive 
contents and all. 


“It is hoped that the building as a whole can be fired……..” 


“I would not like to make any categorical statement on this at this time pending 
the results of some of our tests.  However, it is my belief that these bales of 
combustible material will probably have to be broken open before they can be 
expected to burn.  After they are broken open, it may be necessary to fire them 
singly or in small groups because of the possibility of spark hazard from flowing 
paper wafted upward from the flames.” (13). 


Following on from these remarks, a controlled open burning experiment was conducted 
on the LOOW site in April 1954.  The purpose of the experiment was to determine the 
feasibility of evaluating the potential hazards inherent in disposing of large quantities of 
radioactive wastes in this manner. Five crates containing a total of 10 compressed bales 
of combustible material were measured, weighed, stacked on a concrete pad at the site 
selected for burning, saturated with fuel oil and ignited.  The burn site location was along 
M Street, just east of Campbell Street (14).  A further burning study, involving ten times 
as much material was carried out on June 17-18 1954 with inconclusive results regarding 
fallout activity (15). 


In August 1954 a further request to ship more KAPL waste to LOOW was made (16).  
The Cleveland Area Office, which was responsible for LOOW at that time agreed to 
accept the additional waste, but in September 1954 informed Oak Ridge of the 
unsatisfactory conditions under which KAPL wastes were being stored at LOOW. 


“When the Cleveland Area Office assumed responsibility for LOSA, we found the 
KAPL material stored in the Baker-Smith area of LOSA in a non-segregated 
manner, in combustible buildings, and outside of the area of fire hydrant 
protection established at the Ordnance Plant.  Shipments continued to be received 
from Schenectady about one every three months and non-segregated storage 
continues in the Baker-Smith area.”  (17). 


The Cleveland Office went on to recommend 


1. LOSA not be used as storage area for KAPL wastes. 


2. Arrangements should be completed so that combustible wastes may be reduced 
in volume by burning and the ashes therefore combined with the non-combustible 
wastes shipped from Schenectady and this total residue buried at LOSA rather 
than stored in above-ground deteriorating buildings.”(17). 
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Oak Ridge responded to this information by discontinuing the use of the LOOW as a 
storage site for KAPL contaminated materials and requesting specific information from 
KAPL on the amounts and specifications of the materials shipped to LOOW (18). 


KAPL provided a full list of the materials shipped and the dates of shipment (11). 


January 22, 1952: 207 waste boxes 


                             191 drums of hot slurry (fission product waste)  


                              217 drums of solid waste 


                              9 storage tanks 


October 16, 1952: 132 waste boxes 


                              57 bales 


August 27, 1953:  123 waste boxes 


                              88 drums of hot slurry (fission product waste) 


                              248 drums of liquid contaminated waste 


                              2 pallets of 5 gallon contaminated material 


                              1 pallet of 15 gallon liquid contaminated waste   


                              39 pallets of contaminated filters/baled paper 


April 16, 1954:      138 waste boxes 


April 23, 1954:      38 waste boxes 


June 4, 1954:         24 drums of contaminated oil 


                              58 waste boxes 


Sept. 9, 1954:        64 drums of solid waste 


                              412 waste boxes  


KAPL also estimated the activity of waste sent to LOOW in the hot slurry (mixed fission 
product) waste as 408 Curies (19).  According to KAPL, 394 drums of slurry were sent to 
LOOW.  This estimate did not address the radioactivity of the approximately 500 drums 
of solid wastes and liquid wastes that was also sent to LOOW, and may also have been 
radioactive. 


The deterioration of the buildings used to store KAPL wastes continued over the next few 
years and one building in particular, a construction warehouse, was the subject of much 
discussion at the end of 1956.  Several alternatives including repair of the building, 
offsite disposal or on-site elimination of the storage problem were suggested.  There were 
two suggestions for on-site elimination: 


1. “ The digging of a large pit into which the materials can be dumped and 
covered with appropriate earth.  We presume this is geologically feasible because 
of the past record of burial of other contaminated materials at the Niagara Falls 
site.” 
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 2. “ A proposal which has been suggested a number of times in the past i.e., that 
we set fire to the building and reduce the contents to a reasonable volume before 
attempting further disposition means.  There may well be some real merit to such 
a plan, although the destruction of government property, i.e. the building, and the 
health and safety aspects of this scheme will need further resolution.”  (20). 


By 1957 the costs of off-site disposal of the 38,500 cu ft of combustible KAPL wastes 
(estimated weight 350,000 lbs) stored in buildings 446 and 448 (21) made the alternative 
of on-site reduction in volume of wastes by burning very attractive (22).  Consideration 
was also given to the disposal of the drummed KAPL wastes stored at LOOW.  The 
urgency of addressing this issue was highlighted in an October 1957 memo. 


“I believe at this time it is almost imperative that something be done about 
removing the liquid wastes that are stored in the regular 55 gallon steel drums 
which are rapidly rusting away.  If something is not done before next summer, I 
feel sure that we will involuntarily have a radioactive storage area that could 
probably never be cleaned up.  You are probably aware that these liquid wastes 
are highly radioactive and dosage rates are anywhere from 500 to 1500 MR’s” 
(23). 


 In December 1957 arrangements were made to ship the drummed KAPL wastes to Oak 
ridge for burial (24).  Deteriorated carbon steel drums were placed in over-sized light 
weight steel drums in order to prevent leakage of drums in transit (25).  A total of 490 
over-sized drums were purchased (26), indicating the scale of the problem.  KAPL were 
informed of the impending waste shipment from LOOW and requested to provide 
technical support to Hooker Electrochemical, whose employees were inexperienced in 
the handling of radioactive materials.  A specific request was made for assistance from D. 
A. Manieri (27). 


The drummed waste was removed from the Baker Smith Area and the Waste Water 
Treatment plant (sewage treatment) buildings, to a railroad siding in preparation for 
shipment to Oak Ridge (28).  In January 1958, three rail cars containing a variety of 
KAPL drummed wastes were shipped offsite (29).  A fourth rail car was shipped to Oak 
Ridge in February 1958 (30).  The wastes transported were accompanied by the following 
bill of materials: 


“Solid waste – Composed of high level mixed fission products and includes         
miscellaneous scrap 


Slurry – Composed of high level mixed fission product from evaporator bottoms 
from KAPL Liquid Waste Process 


Plutonium – Composed of all materials contaminated with Plutonium or Thorium.  
This type of waste is packaged into 1 gallon paint cans, and placed into carbon 
steel drums 


Oils – Ashes – Contaminated with low level mixed fission products 


Uranium residues, formerly packaged in 5 gallon cans, packed in 65 gallon carbon 
steel capsules 


Filters – Spun glass air filters packed in wooden boxes 
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Gaps – Cesium and strontium gaps capsuled in 65 gallon carbon steel drums” 


D. Manieri (KAPL) was informed of this waste shipment and invited to attend the start of 
the burning of the combustible KAPL wastes, scheduled for February 19, 1958 (31).  The 
burning of combustible KAPL wastes at LOOW was discussed at a site conference held 
on February 27, 1958.  Using the 1954 burning studies in conjunction with further 
experimental burning trials of low level radioactive waste conducted on February 26 and 
27, 1958, instructions were issued to burn “low dose rate” (6mr/hr or less) packages, 
retain “high dose rate” packages for future burning studies, retain any plutonium 
contaminated packages, and drum all ashes for future disposal.  Burning was to be done 
in the open or in the LOOW incinerator (32). 


Beginning with the burning of “no dose rate” material, Hooker Electrochemical, under 
instruction from the AEC, proceeded to begin burning the low dose rate KAPL wastes 
(33).  The burning operation was scheduled to be complete by June 30, 1958 (34).  
However, Hooker experienced problems with burning some of the wastes, requiring a 
resurvey of the burn operation by the Health & Safety Laboratory (35). 


Some of the problems encountered by Hooker are described as follows: 


 “In your letter of March 10 you authorized us to burn the low-level Wastes and 
made reference to the conference on the subject with the New York Office and 
KAPL Personnel of March 4. 


The assumption was made at that time that each package would have a dose rate 
marking.  We have proceeded on that assumption and burning activities have 
continued as agreed.  However, many of the crates in building 444 are so badly 
weathered that the original markings have disappeared and we find it impossible 
to proceed on the outlined basis. 


Since we have been warned that some of these crates contain plutonium and we 
are to avoid these because of potential fall-out, we now find it impossible to do so 
by observing external markings ” (36). 


A second conference was held on April 3, 1958 to determine the disposition of both 
unmarked waste packages and the non-burnable scrap and ashes from incineration.  An 
Oak Ridge representative described the present LOOW disposal activity as involving no 
risk on the part of the AEC or Hooker to either personnel or surroundings.  


“The assistance which has been given (including Mr. Schoen’s visit) was 
described as being insurance against any hazard developing, and to ease our 
(Hooker’s) mind.  As a further precautionary measure, Mr. Schoen suggested that 
the personnel involved in waste handling submit two urine samples- one now and 
one at the completion of the project.  The analysis of the urine will show a minute 
quantity of ingested contamination. This analysis is suggested for assurance only, 
since it is the AEC’s contention that there is no hazard involved in the present 
work ” (37). 


 “The following directions were given as to the completion of the disposal 
program: 
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1. Boxed ashes received from KAPL – dump in pit on site and cover with earth; 
no marking required.  (These ashes are not contaminated- they resulted from 
incineration of office material at KAPL). 


2. Ashes from LOOW burning- drum and ship to Oak Ridge 


3. Scrap metal-package and ship to Oak Ridge. 


4. Packages marked “Pu possible”– ship to Oak Ridge. 


5. Packages with no visible marking – ship to Oak Ridge. 


6. Packages marked as having a dose rate – retain for experimental burning by 
New York Health & Safety”  (37). 


A subsequent letter to Hooker from Oak Ridge directs Hooker to continue burning the 
“low dose rate” material and ship material in excess of 6mr/hr to Oak Ridge (38).  
However, D. Manieri of KAPL, who assisted Hooker in packaging and shipment of 
KAPL wastes to Oak Ridge from LOOW states Hooker Electrochemical Company, 
under the direction of the AEC, burnt all of KAPL’s combustible wastes (39). 
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From:
To: FUSRAPinfo
Subject: Re: Omission of Post Remed. Survey /underestimation of contamination VP N/N...
Date: Friday, April 27, 2012 6:04:24 AM

Bob,

The trip report was contained in files related to the reactivation of the Boron-10 Plant by NUMEC in the
early 1960s. Hope this helps.

In a message dated 4/25/2012 4:25:41 P.M. Central Daylight Time, FUSRAPinfo@lm.doe.gov writes:

        Ann, thanks for including us in your communications with USACE. 
       
        To answer your first question, we reviewed historical site documentation
        that is contained in the DOE Legacy Management Considered Sites Database
        (CSD) and Considered Sites Library (CSL). We also reviewed the USACE
        Remedial Investigation Report and Remedial Investigation Addendum for
        the NFSS.
       
        Secondly, the draft KAPL report was reviewed by the DOE Office of
        Environmental Management (EM) Schenectady office, EPA, USACE, NY
        Department of Health and the NY Department of Environmental Compliance.
        Once that was completed, we released the KAPL report to the public in
        February 2012. 
       
        In reference to the 1960 trip report you provided, so far we have not
        been able to find the slides associated with the trip report or the trip
        report itself in our CSD or CSL Library. We are continuing our search
        for these slides in other potential document collections and
        repositories, but it might help us locate them if you could tell us the
        source from which you obtained the trip report. If we can narrow down
        the collections to search, we will have a better chance of locating the
        slides. We are also researching definitive information on KAPL waste
        shipments post 1958.
       
        We will try to answer your individual questions and respond to your
        comments as we are able, however, some of the questions and comments are
        interrelated and we will best be able to respond to them collectively.
        You may anticipate our initial responses in the near future.
       
        Thanks,
       
        Bob
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From:
To: FUSRAPinfo
Subject: Re: Omission of Post Remed. Survey /underestimation of contamination VP N/N...
Date: Thursday, May 03, 2012 1:55:30 AM

Bob,
NUMEC division of Atlantic Richfield operated the Boron-10 isotopic separation plant at Model City out of
Niagara Falls for the US Atomic Energy Commission through the Oak Ridge Operations Office.

Regarding the reported transportation of soil off VP H', have you found any record of DOE follow up?
Thanks,
Ann

In a message dated 5/1/2012 6:19:52 P.M. Central Daylight Time, FUSRAPinfo@lm.doe.gov writes:

        Ann, thanks for your reply. Do you have any more information that would
        help us determine what records collection or depository from which the
        trip report was obtained? If you know the agency or office that
        originally maintained this record, that would be a big help. I'm not
        sure where to go to find the Boron-10 Plant reactivation records.
       
        Thanks,
       
       
        Bob
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From:
To: FUSRAPinfo
Cc: fusrap@usace.army.mil
Subject: Re: Omission of Post Remed. Survey /underestimation of contamination VP N/N...
Date: Wednesday, June 06, 2012 1:19:39 PM

Bob,
I am still awaiting a response from USACE Buffalo, regarding information relavent to KAPL SPRU wastes
on the NFSS, which I requested back in April and May 2012.
As soon as I receive the requested data, I shall complete my review. meanwhile, please update me on
any progress in tracking down the 1960 slides of KAPL waste on the NFSS or records of KAPL wastes
shipped to Oak Ridge in 1958.
Thank you,
Ann Roberts

In a message dated 4/18/2012 4:47:46 P.M. Central Daylight Time, FUSRAPinfo@lm.doe.gov writes:

       
        Ann, I just want to let you know that we received your latest comments
        and documents related to the KAPL report on Friday, April 13. We are
        continuing to review and research the questions you have raised and will
        provide a comprehensive response to all your comments and questions. On
        that note, I'm curious as to how far along you are in your review of the
        KAPL report and the time-frame you anticipate for providing additional
        comments so that we may plan our response accordingly.
       
        Thank you again for your interest in the NFSS VPs and for providing us
        with the documents in your possession.
       
       
        Bob
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From:
To: FUSRAPinfo
Subject: Re: Omission of Post Remed. Survey /underestimation of contamination VP N/N...
Date: Thursday, June 14, 2012 10:22:00 PM

Bob,

The 1960 trip report came from a private collector, who had connections to the Boron-10 plant. I'm 
surprised DOE has not yet managed to locate the report with associated photographs and slides: these
were important documents, relevant to the future use of the AEC portion of the LOOW site. The
documents must be available in one of the DOE archives.
The trip report documents the presence of KAPL wastes in 1960, more than a year after all of the KAPL
wastes were reportedly sent to Oak Ridge. The presence of plutonium and fission products in the KAPL
wastes is a source of ongoing concern to the surrounding community, so a record of plutonium and
fission product wastes being left behind on the LOOW site, after the 1958 remediation requires detailed
follow up.
Which available locations has DOE searched to date? Has DOE reviewed the Oak Ridge records with
respect to KAPL wastes sent there from LOOW? What do these records show with respect to the
quantities and timing of KAPL wastes sent to Oak Ridge from LOOW?
Ann Roberts

In a message dated 6/6/2012 4:34:39 P.M. Central Daylight Time, FUSRAPinfo@lm.doe.gov writes:

        Anne, we are still working on finding those slides. Could you please let
        me know the location where you encountered the document without the
        color slides.  Was it through a FOIA, or was it from a Repository
        document?.  As it stands now, we have looked in all readily available
        locations and can not find the slides or the cover letter. Additional
        assistance in locating the document would be much appreciated. We are
        also looking into the answers to your other questions and will provide
        responses as soon as we are able.
       
        Thanks,
       
       
        Bob
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From:
To: Gillespie, Joey (CONTR)
Cc: FUSRAPinfo
Subject: clarification on specific point
Date: Thursday, June 14, 2012 10:27:45 PM

Joey,
Reference your report, "Assessment of historical Knolls Atomic Power Laboratory Waste Storage
Locations Niagara falls Storage Site, FUSRAP Site, Lewiston, New York, February 2012, paragraph 3.2 on
page 11 states that KAPL waste was shipped from LOSA (LOOW) from 1958 to 1960. However, the
referenced summary in Attachment I, shows all 8 shipments (14 boxcars) occurred between January
1958 and June 1958. Please explain why the report refers to waste shipment between 1958 and 1960.
Thank you,
Ann Roberts
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From:
To: FUSRAPinfo
Cc: Gillespie, Joey (CONTR)
Subject: Re: clarification on specific point
Date: Wednesday, June 20, 2012 8:49:48 AM

Bob,

Thank you. Since no additional record of KAPL waste shipment from LOOW to Oak Ridge has been
identified, should we assume the KAPL wastes identified in the 1960 trip report remained on the NFSS?

Ann

In a message dated 6/19/2012 1:36:33 P.M. Central Daylight Time, FUSRAPinfo@lm.doe.gov writes:

       
        Ann,
       
        We have received your recent comment dated June 14, 2012, and will
        revise the text in the report to be consistent with the existing record
        in Attachment I of the report that states the KAPL waste shipments from
        LOOW to ORNL were performed during the fiscal year of 1958. At this time
        no additional record of shipping after 1958 has been identified.
       
        To date, we have reviewed the readily available records in the DOE
        Considered Sites Database and other DOE Legacy Management records
        collections. We are following up with inquiries to a number of other
        agency repositories, including the Atlanta National Archives collection,
        which contains the majority of the AEC records, as well as other NARA
        collections and the Oak Ridge collections and hope to provide additional
        responses to your questions in the near future.
       
        Thanks,
       
        Bob
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From:
To: FUSRAPinfo
Subject: Re: clarification on specific point
Date: Tuesday, July 17, 2012 8:52:41 AM

Bob, Mr. Clayton,

The 1960 trip report indicates that that not all KAPL waste packages were sent to Oak Ridge. Further
indication that KAPL wastes remained at the NFSS after 1958 is given in the 1995 annual environmental
surveillance report for the NFSS (158-96-009. Rev 0. ESTM 1995-NFSS).

"Residues stored in the WCS originated from sites other than NFSS. The WCS also contains
contaminated rubble, uranium metal billets, combustibles stored in wooden crates, processing wastes
stored in drums and contaminated soils and wastes excavated from onsite and offsite areas."
page 2, paragraph 2.

Combustibles stored in wooden crates is unique to KAPL wastes. Note, plutonium contaminated crates
of combustibles were supposed to be shipped to Oak Ridge, but there is no record of crates of
combustibles being shipped there from the NFSS/LOOW site. Review of the LOOW KAPL waste shipment
manifests will confirm this.

Ann

In a message dated 7/10/2012 2:52:39 P.M. Central Daylight Time, FUSRAPinfo@lm.doe.gov writes:

        On behalf of Christopher Clayton
        DOE Legacy Management
        FUSRAP Program manager
        FUSRAPinfo@lm.doe.gov
       
        Ann,
       
        Based on the existing information reviewed to date, DOE does not believe
        that anyone should assume that KAPL waste storage continued on the NFSS
        after 1958 as described in the 1960 trip report. The description of the
        areas photographed on page two, item #4, references the "Baker-Smith"
        area and describes it as contaminated warehouses and, although we know
        that KAPL waste was stored there prior to the 1958 shipments and
        demolition of the buildings, makes no reference to any waste being
        present. The captions for photos 10, 11, and 12 also describe the
        "Baker-Smith" areas and provide the associated building numbers for
        those warehouses. Based on the parenthetical statements in the other
        photo captions, the Army Schenectady waste description in parentheses
        appears to identify what waste stream had been stored in those
        buildings; although we haven't determined why it is described as "Army"
        Schenectady waste (we could find no connection between the Army and the
        Schenectady KAPL operation). There was a Schenectady Army Depot at that
        time, but we have not found any evidence that it was involved in any
        atomic energy activities. Caption 9, "Railroad Tract (Schenectady waste
        in grassless area)," also appears to be a reference to what had been
        stored at that location. Even so, these areas were decontaminated during
        the 1970s decontamination and again during the 1980s remedial action and
        post remedial actions that removed any radiological contamination that
        exceeded cleanup levels.
       
        The building in which the boron plant was constructed was also
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        decontaminated prior to construction of the boron facility (1953) and
        again prior to a contract change in 1967. As described in the pages
        attached to this response, "Prior to construction of the boron plant and
        removal of KAPL waste from Building 401 in 1953 it was determined that
        some decontamination from the planned boron plant was necessary"
        (Aerospace Nov 1982). The excerpt indicates that some KAPL material may
        have been stored at the boron plant prior to construction of that
        facility. The recent decontamination and decommissioning of Building 401
        by the USACE did not reveal any evidence of KAPL waste above levels
        which would pose a threat to human health and the environment.
       
        Without further indication that KAPL storage continued on the NFSS after
        1958, the weight of evidence indicates that all packaged KAPL waste was
        shipped off site during that year.  Furthermore, current investigations
        by USACE and DOE's review of final decontamination data indicate that no
        KAPL contaminants remain on the NFSS proper or the completed VPs that
        exceed levels protective of human health and the environment.
       
        We continue to look for any additional information, including the color
        slides attached to the 1960 trip report that you brought to our
        attention. However, we have determined that the 1960 trip report would
        not have been considered a record that would be retained by the AEC and
        it doesn't appear to have been included in the official record. Only
        final decision documents and the supporting data are considered official
        records. Correspondence, contracts, photos and other historical
        documentation are typically sent on to the National Archives for
        evaluation for inclusion into the historical record, which is separate
        from the records that DOE maintains. We are continuing to follow up with
        the National Archives to determine if the trip report and slides are in
        their collection.
       
        We are also preparing additional responses to your other questions.
        These responses will be used to update the KAPL report to complete the
        story on the KAPL storage at the NFSS. 
       
        Attached to this email is an excerpt from the 1982 background and
        resurvey recommendations report on what is now the NFSS conducted for
        DOE by the Aerospace Corporation of Washington, DC that contains
        pertinent information concerning the disposition of the KAPL wastes. The
        full document is not yet available for public release, but we will post
        it to the FUSRAP Considered Sites Database when we receive approval for
        the posting. In addition, below is a copy of the appropriate section of
        the USACE Remedial Investigation Report for your reference.
       
        2007 USACE Remedial Investigation Report, page 1-9:
       
        Other Wastes
        In the period from 1952 to 1954, wastes generated at the Knolls Atomic
        Power Laboratory (KAPL) were shipped to the NFSS. Records indicate that
        the shipments consisted of approximately 700,000 pounds of contaminated
        wastes, including 676 wooden boxes and 394 slurry drums. The
        contaminated materials included combustible and noncombustible solids
        stored in wooden crates and processing wastes stored in 55-gallon drums.
        The processing wastes contained some residual plutonium and fission
        product radioactivity (Ce-137, Sr-90) from a low-level processing plant
        at Schenectady. It is estimated that 408 Ci of mixed fission products
        and 0.63 Ci of plutonium were shipped to the site during this time
        period. The KAPL residues were originally stored near a railroad spur
        north of NFSS. Later, the wastes were moved to Buildings 443, 444, 445,
        446, 447 and 448 in the Baker-Smith area. Some of the waste was also



        stored in Building 401. These materials were transferred to the Oak
        Ridge Burial Grounds during the late 1950's and most of the storage
        buildings were later destroyed (EA 1998).
       
        Thanks,
       
        Bob
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From:
To: FUSRAPinfo
Subject: Re: clarification on specific point
Date: Monday, August 13, 2012 3:57:35 AM

Bob,
When will the revised report "Assessment of Historical Knolls Atomic power Laboratory Locations,
Niagara Falls Storage Site FUSRAP Site, Lewiston, New York" February 2012 be released?

Will the revised report address KAPL SPRU processing wastes sent to LOOW  in carbon steel drums?
These processing wastes are distinct from the 394 stainless steel drums of mixed fission product slurry.
The processing wastes in carbon steel drums appear were not addressed in the February 2012 report.
Note the number of carbon steel drums sent to LOOW from KAPL far exceeded the 394 stainless steel
drums (of slurry) sent.

 According to the memo, Waste Storage, S. R. Sapirie, Oak Ridge to B. Sparks, Cleveland Area Office,
September 3, 1954:

" The  most radioactive material (plutonium and fission product waste) is contained in steel drums."

"The KAPL material can generally be divided into three different categories:

             1. Combustibles stored in wooden crates

             2. Non-combustibles boxed similarly

             3. Slurry and processing wastes drummed in 55 gallon

                a. stainless steel drums
                b. carbon steel drums"

"Wastes type 3, a and b, are stored in a building the condition of which is even worse than the
buildings storing the boxed wastes. We understand that the drums contain highly radioactive wastes
and the escape of this material from the confines of the stored drum could constitute a serious problem.
Wastes type 3a in stainless steel drums would probably be safe if stored without building protection.
This is because should a fire occur in these wooden buildings the contents of the drum being liquid
could build up an internal pressure causing rupture due to the heat.
Material type 3b stored in common iron drums is best stored in a structure even if it is wooden. The
danger of release of contamination due to corrosion  of the container appears greater than the danger
of rupture under fire conditions."

Thanks,
Ann Roberts 
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