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EXECUTIVESUMMARY 

The purpose of this certification docket is to document the successful decontamination of 
radioactively contaminated areas at the former New Brunswick Laboratory site in New Brunswick, New 
Jersey, by the U.S. Department of Energy (DOE). Remediation of the property was performed in 1996 
under DOE’s Formerly Utilized Sites Remedial Action Program (FUSRAP), a program established to 
identify and remediate, or otherwise control, sites where residual radioactive contamination remains from 
activities carried out by the Manhattan Engineer District/Atomic Energy Commission during the early 
years of the nation’s atomic energy program. 

F’USRAP was administered by DOE until October 1997, when the U.S. Congress reassigned 
responsibility for management of the program to the U.S. Army Corps of Engineers (USACE). 
Completion of the certification process was delayed pending preparation of a Memorandum of 
Understanding between DOE and USACE with regard to completed, remediated sites such as the New 
Brunswick site. 

Bechtel National, Inc. (BNI) was the project management contractor for work conducted at the 
New Brunswick site. Therm0 Nutech Services, Inc., served as the radiological support subcontractor for 
analyzing, sampling, and providing health physics technological support for site activities. Science 
Applications International Corporation (SAIC) was the environmental studies contractor responsible for 
assisting DOE in preparing the project environmental documentation. Oak Ridge Institute for Science 
and Education was the independent verification contractor for the remediation work performed. 

The material in this docket includes information and documents supporting certification that 
conditions at the property are in compliance with radiological guidelines in effect at the conclusion of 
remedial action. Furthermore, this certification docket substantiates that the future use of the property 
will not produce any significant radiological hazard or dose to the general public as a result of residual 
radioactivity remaining onsite that originated during activities conducted by DOE or its predecessor 
agencies. 

. 

Exhibit I of this docket is a summary of remedial activities conducted at the New Brunswick site. 
The exhibit provides a brief history of the origin of the contamination at the site, the radiological 
characterization activities conducted, the remedial actions performed, post-remedial action survey and 
soil sampling results, and independent verification activities. References called out in Exhibit I of this 
document correspond to those referenced in Exhibit II. 

Exhibit II provides a listing of references documenting the entire remedial action process from 
designation of the site under FUSRAP to the certification that no radiological restrictions limit the future 
use of the site. Provided as Exhibit III is the DOE statement certifying that the property is in compliance 
with DOE radiological decontamination criteria and standards in effect at the conclusion of remedial 
action and the published Federal Register notice announcing the completion of remediation. 
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The certification docket and documents identified in Exhibit II will be available for public 
review at the following locations: 

U.S. Department of Energy 
Public Reading Room 
Room lE-19 
Forrestal Building 
1000 Independence Avenue, S. W. 
Washington, DC. 20585 

U.S. Department of Energy 
Public Reading Room 
Oak Ridge Operations Office 
200 Administration Road 
Oak Ridge, Tennessee 3783 1 

New Brunswick Free Public Library 
60 Livingston Avenue 
New Brunswick, New Jersey 08901 

Further information on the docket is available by contacting: 

Robert G. Atkin, Project Engineer 
Office of Assistant Manager for Environmental Management 
Oak Ridge Operations Office 
U.S. Department of Energy 
P.O. Box 2001 
Oak Ridge, Tennessee 37830 
Phone: (865) 576-1826 
Fax: (865) 574-4724 
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EXHIBIT I: 

SUMMARY OF REMEDIAL ACTION PERFORMED AT THE 
NEW BRUNSWICK SITE 
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1.0 SITE HISTORY 

The New Brunswick site (NBS) is a 2.2-ha (5.6-acre) property in an industrial area less than 
3.2 km (1.6 miles) from downtown New Brunswick, New Jersey (see Figure I-l). The site is 
bordered by Jersey Avenue on the north, an Amtrak rail line and vacant property on the south, and 
industrial property on the east and west. The site consists of a vacant grass-covered lot, which is 
fenced to restrict public access. Figure I-2 is a plan view of the site showing the extent and depth of 
remediation performed in 1996. 

From 1948 to 1977, the NBS was used as a general nuclear chemistry laboratory for work 
related to government reactor and weapons programs. Site structures included a main laboratory 
building, a plutonium laboratory complex containing a hot cell for handling radioactive materials, 
and nine other support buildings. 

During 29 years of operation, NBS provided a variety of services using nuclear materials 
such as thorium and uranium ores, high-purity plutonium, americium, and enriched uranium. In 
1960, soil contaminated with residues from pitchblende (a radium-bearing ore) was moved to the site 
from the Middlesex Municipal Landfill, located in the borough of Middlesex approximately 12 km 
(8 miles) north-northeast of NBS. The material was mixed with clean soil and used to fill an unused 
rail spur that entered the eastern side of the property. In 1977, the New Brunswick facility was 
closed, and laboratory operations and personnel were relocated to the Argonne National Laboratory 
(ANL). In 1990, NBS was transferred into the Formerly Utilized Sites Remedial Action Program 
(FUSRAP) from the Decontamination and Decommissioning Branch of the Department of Energy 
(DOE) Office of Eastern Area Programs (Exh. II, Ref. 1). 

2.0 RADIOLOGICAL SURVEYS 

The site was partially remediated in two phases during the late 1970s and early 1980s. Phase I, 
completed in 1978, consisted of removing contaminated accessible plumbing, equipment, and 
portions,of floors, walls, and ceilings. Additional radiological characterization in 1980 (Exh. II, Ref. 
2) revealed residual contamination in onsite sewer lines and better defined the extent of soil 
Contamination. 

Phase II work, conducted from 1981 through 1983, included removal of all aboveground 
structures, including contaminated concrete foundations and onsite drain lines and radioactively 
contaminated soil on the front two-thirds of the property. The waste materials were disposed of at 
the Nevada Test Site (Exh. II, Ref. 3). Phase II also included restoring the remediated portion of the 
site by backfilling the area with clean fill, grading, planting a ground cover for runoff control, and 
installing 13 groundwater monitoring wells. Work performed since 1983 has included 
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environmental surveillance, radiological surveys. and radiological and chemical sampling, the results of 
which were published in annual reports. Routine groundwater sampling since 1983 has indicated that 
groundwater is unaffected by site contamination. 

After Phases I and II were completed, verification surveys and sampling identified localized 
areas that were contaminated with uranium, radium, and thorium. These areas included the railroad 
spur that was previously filled and two other small areas near the middle of the lot and along the rear 
fence line (Exh. II, Ref. 4). 

Limited sampling and surveying in 1992 indicated that radioactively contaminated soils were 
present only within the filled railroad spur and a localized spot midway along the southern fence line. 
Chemical analyses indicated that the radioactively contaminated soils would not be classified as a 
regulated mixed waste upon removal (Exh. II, Ref. 5). Additional sampling of soils adjacent to the 
site revealed no radioactive constituents above background levels (Exh. II, Ref. 6). 

3.0 PRE-REMEDIAL ACTION ACTIVITIES 

A Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 
engineering evaluation/cost analysis (EEKA) prepared for this activity was issued for public and 
regulator comments on January 29, 1996. National Environmental Policy Act considerations were 
addressed and incorporated into the EE/CA. The final EEKA, incorporating the response to public 
comments, was published on April 12, 1996 (Exh. II, Ref. 7). An Administrative Record 
documenting the remedy selection for NBS was made available at the main branch of the local 
library. 

Natural resource trustee and endangered or threatened species consultations concluded that the 
effect of remedial activities on protected resources was insignificant because no protected species, 
other. than occasional migratory birds, are found within the project area. NBS was determined not to 
be located in a floodplain or wetland. Historic preservation consultations concluded that protected 
resources were not present because of the urban setting of the site. 

I I Throughout the remedial activities, compliance was maintained with the substantive provisions 
of National Emissions Standards for Hazardous Air Pollutants air regulations for the control of 
radionuclide emissions and with state environmental and soil erosion and sediment control 
regulations. 

4.0 REMEDIAL ACTION GUIDELINES 

Standards and criteria governing the release of properties for radiologically unrestricted future 
use are included in DOE Order 5400.5 (Exh. II, Ref. 12) and are comparable to those used by the 
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U.S. Environmental Protection Agency and the Nuclear Regulatory Commission in effect at the 
conclusion of remedial action, 

The site-specific criteria for residual radioactive material in soil for total uranium (Exh. II, Ref. 
13) averaged over the remediated area was based on application of the as-low-as-reasonably- 
achievable principle to the site-specific guidance derived by ANL based on the most probable future 
use of the site (Exh. II, Ref. 14). 

Chemical cleanup goals were those listed in the standards for residential sites in the proposed 
New Jersey Standards for Contaminated Sites (S1070) (Exh. II, Ref. 15). Post-remedial action 
chemical sampling results were compared with the proposed S1070 standards (Exh. II, Ref. 21). 

5.0 DECONT.AMINATION/REMEDIAL ACTIVITIES 

Cleanup activities at NBS were conducted in accordance with federal CERCLA requirements 
for a non-time critical removal action. 

Remedial action was conducted at NBS using a Segmented Gate System (SGS) developed by 
TNu to sort excavated soil into contaminated or clean streams (Exh. II, Ref. 16). The use of the SGS 
resulted in a significant reduction in the amount of material that required disposal. Other volume 
reduction, waste minimization, and cost saving techniques used during the remedial action included 
sample analysis at a field laboratory, segregation of contaminated and uncontaminated protective 
clothing, and sharing of the labor force with another PUSRAP site in Middlesex, New Jersey. 

At NBS, contaminated soil was excavated with standard heavy equipment and relocated to 
stockpile areas to await SGS processing or loading for shipment to an offsite disposal facility. After 
processing, the soil was placed in either a clean or contaminated stockpile. The clean soil was 
retained onsite and used as backfill during site restoration. The contaminated soil was shipped by 
gondola car to a licensed disposal facility. 

6.0 POST-REMEDIAL ACTION STATUS 

After the remedial action was complete, radiological surveys were performed and samples 
collected where appropriate to ensure that the residual radioactive soils had been removed to attain 
levels below the established guidelines. Background radiological surveys and soil analyses were 
performed at three remote locations. These locations were selected because they were near NBS and 
provided radiological data that were representative of the area but not influenced by the NBS work. 
Background measurements and soil samples established a baseline for comparing results obtained 
before, during, and after remedial action. 

I FinalCertDkt-NBS IO/412001 I-5 



Initial post-remedial action surveys were conducted by Therm0 Nutech Services, the 
radiological support subcontractor, on behalf of BNI, the project management contractor. These 
surveys included walkover gamma scans. 

Types of surveys conducted during the post-remedial action and verification surveys included 
walkover gamma scans, external gamma radiation exposure rate measurements, and soil sampling. 

Post-remedial action walkover gamma scans and soil sampling were conducted to verify the 
removal of the residual radioactive material. Soil sampling was also conducted to determine the 
levels and extent of potential chemical contaminants. External gamma exposure rate measurements 
were taken as specified in DOE Order 5400.5, in effect at the time of remediation. The calculated 
post-remedial dose estimate for the New Brunswick site indicates that the residual radioactivity 
remaining at the site will not result in a radiation dose above 100 mrern/yr to any member of the 
general public (Exh. II, Ref. 22). Results of the post-remedial action surveys and sampling are 
included in the post-remedial action report for the site (Exh. II, Ref. 17). In addition to the post- 
remedial action surveys, extensive groundwater monitoring was conducted from 1992 through 1996 
that indicates that the site groundwater does not exceed DOE Derived Concentration Guidelines for 
radiological constituents (Exh. II, Ref. 18 and 19). Neither Federal nor State Maximum Contaminant 
Levels nor New Jersey Class-HA Groundwater Quality Standards have been exceeded for water 
quality criteria, PCBs, or total petroleum hydrocarbons in site groundwater (Exh. II, Ref. 18 and 19). 

7.0 VERIFICATION ACTIVITIES 

After remedial action was completed, the Oak Ridge Institute for Science and Education 
(ORISE), the FUSRAP independent verification contractor (NC) for NBS, conducted surveys and 
obtained soil samples to verify that the area was remediated to levels below the guidelines in DOE 
Order 5400.5 then in effect. The objective of the independent v.erification survey was to confirm that 
surveys, sampling, and analyses conducted during the remedial action process provided an accurate 
and complete description of the radiological status of the property at the conclusion of remedial 
action. 

IVC activities included two types of verification reviews, type A and type B. Type A 
verification consisted of reviewing the post-remedial action survey results and collecting and 
analyzing additional samples if necessary. For the type B verification review, the IVC conducted an 
independent survey of the site, including direct measurements. The IVC also reviewed the methods 
and results of the post-remedial action survey activities and the soil sampling results. In addition to 
conducting independent surveys, the IVC reviewed the laboratory’s quality assurance data to 
determine whether the measurements verified that these areas complied with the established DOE 
guidelines for the site then in effect. 
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features, mass loading of contaminated airborne particulates, and inhalation rate) have the greatest 
impact on the model predictions, and parameters related to other pathways have relatively little 
impact. For uranium-234 and uranium-235 under all scenarios and uranium-238 under Scenario C, 
the maximum dose occurs at 1,000 years following the remedial action; uncertainties in parameters 
related to the leaching and transport of radionuclides from the contaminated zone also affect the 
results in these cases (e.g., the uncertainties in soil properties, meteorologic parameters, distribution 
coefficients, and water consumption rates). 

For the purposes of this analysis, RESRAD default parameter values were used if no site- 
specific data were available. These default values are based on national average or reasonable 
maximum values. The area of the contaminated zone used in this analysis was 900 m*, equivalent 
to the estimated size of the contamination found during site surveys (BNI 1995). If the total area of 
the site, 23,000 m*, were used in the analysis, the dose/source concentration ratio would increase less 
than 6% for Scenarios A and B and less than 15% for Scenario C. 

Furthermore, some of the exposure pathways evaluated in this analysis have been included 
for purposes of completeness but are considered very unlikely; for example, the production of meat 
and milk from livestock raised on-site and the development of a fishing pond are considered under 
Scenario C but are extremely unlikely, given the urban location and physical characteristics of the 
site. Therefore, the calculated dose/source concentration ratios are considered to be highly 
conservative (i.e., likely to overestimate doses). 
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NEW BRUNSWICK SITE 
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1.0 INTRODUCTION

This section provides references for the documents that encompass the entire remedial action 
process from designation of the site under FUSRAP to certification of the property for future 
radiologically unrestricted use. 

2.0 DESIGNATION 

1. Memorandum from J. Fiore to D. Fulmer, "Transfer of Sites to FUSRAP," BNI CCN 069986, 
July 1990. 

3.0 CHARACTERIZATION 

2. Argonne National Laboratory (ANL), "Interim Radiological Site Characterization and D&D 
Status Report," ANL-OHS/11P-81-101, April 1982. 

3. ANL, "Phase II Decontamination and Decommissioning of the New Brunswick Laboratory –
New Jersey Site, Interim Report," ANL-OHS/HP-84-110, November 1984. 

4. ANL, "Additional Characterization Prior to Phase III Decontamination and Decommissioning of 
the New Brunswick Laboratory – New Jersey Site, Interim Report," ANUESH/TS-89-101, 
December 1989. 

5. Bechtel National, Inc. (BNI), "Technical Bulletin - Results of a Walkover Survey and Limited 
Radiological and Chemical Characterization at the New Brunswick Site," TB-144-93-002, Rev. 
01, December 1993. 

6. Oak Ridge Institute for Science and Education (ORISE), "Radiological Survey of 990 Jersey 
Avenue, New Brunswick, New Jersey," ORISE 93/K-66, November 1993. 

4.0 REAL ESTATE LICENSE AND CORRESPONDENCE WITH REGULATORS 

7. U.S. Department of Energy (DOE), "Engineering Evaluation/Cost Analysis for the New 
Brunswick Site, Middlesex County, New Jersey," April 1996. 

8. DOE, "Temporary License Agreement Permitting Entry on (Consolidated Railway) Property," 
Reorder Number 7-96-0137, Oak Ridge, Tenn., 1996. 

5.0 DECONTAMINATION CRITERIA 

9. DOE, "Description of Formerly Utilized Sites Remedial Action Program," ORO-777, Oak 
Ridge, Tenn., September 1980. 
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10. DOE, "Design Criteria for Formerly Utilized Sites Remedial Action Program (FUSRAP) and 
Surplus Facilities Management Program (SFMP)," 14501-00-DC-01, Rev. 2, Oak Ridge, TN, 
March 1986. 

11. Memorandum from J. J. Fiore (DOE-HQ) to S. W. Ahrends (DOE-ORO), "Revised Guidelines 
for Residual Radioactive Material at FUSRAP and Remote SFMP Sites" (Attachment: U.S. 
Department of Energy Guidelines for Residual Radioactive Material at Formerly Utilized Sites 
Remedial Action Program and Remote Surplus Facilities Management Program Sites, 
Revision 2, March 1987), BNI CCN 045227, April 1987. 

12. DOE, "Radiation Protection of the Public and the Environment," Washington, D.C., DOE 
Order 5400.5, February 1990. 

13. Memorandum from J. Wagoner to L. Price, "Uranium Guideline for the New Brunswick Site, 
New Brunswick, New Jersey," December 1995. 

14. ANL, "Derivation of Guidelines for Uranium Residual Radioactive Material in Soil at the New 
Brunswick Site, Middlesex County, New Jersey," ANL/BAD/TM-54, February 1996. 

15. Memorandum from L. Rudek to file, "July 1996 Proposed Soil Cleanup Criteria," BNI 
CCN 150376, February 1997. 

6.0 POST-REMEDIAL ACTION AND VERIFICATION 

16. Thermo Nutech, "Final Report for the Segmented Gate System at the Department of Energy's 
Formerly Utilized Sites Remedial Action Program New Brunswick Site," January 1997. 

17. BNI, "Post-Remedial Action Report for the Remedial Action at the New Brunswick Laboratory 
Site, New Brunswick, New Jersey," DOE/OR/21949-411, Oak Ridge, TN, July 1997. 

18. BNI, "Technical Memorandum - Environmental Surveillance Results for 1996 for the New 
Brunswick Site," No. 144-97-003, Rev. 0, May 1997. 

19. BNI, "Technical Memorandum – Post-Remedial Action Groundwater Quality Summary for the 
New Brunswick Site," No. 144-97-013, Rev. 0, September 1997. 

20. ORISE, "Verification Survey of the New Brunswick Laboratory Site New Brunswick, 
New Jersey," July 2001. 

21. BNI, "Technical Memorandum – Segmented Gate System (SGS) and Post-Remedial Action Soil 
Sampling Activities at the New Brunswick Site," December 1997. 
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22. Memorandum from S. Wilkinson to B. Wood, "New Brunswick Site – Transmittal of Post-Remedial 
Action Dose Calculations," BNI Calculation 144-CV-024, June 1997. 
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1.0 DOE STATEMENT OF CERTIFICATION 1.0 DOE STATEMENT OF CERTIFICATION 

This section contains the statement of certification issued by the Department of Energy that 
property is in compliance with radiological guidelines in effect at the conclusion of remedial action. 

This section contains the statement of certification issued by the Department of Energy that 
property is in compliance with radiological guidelines in effect at the conclusion of remedial action. 
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STATEMENT OF CERTIFICATION: NEW BRUNSWICK SITE 
IN NEW BRUNSWICK, NEW JERSEY 

The U.S. Department of Energy (DOE) Oak Ridge Operations (ORO) Offrce of 
Environmental Management, Oak Ridge Reservation (ORR) Remediation Management Group, has 
reviewed and analyzed the radiological data obtained following remedial action at the property 
identified as Block 598, Lot 6, on Sheet 80 of the Tax Map of the City of New Brunswick, 
Middlesex County, New Jersey. Based on analysis of all data collected, including post-remedial 
action surveys, DOE certifies that any residual contamination remaining onsite at the time remedial 
actions were completed fall within the guidelines, in effect at the conclusion of remedial action, for 
use of the site without radiological restrictions. This certification of compliance provides assurance 
that reasonably foreseeable future use of the site will result in no radiological exposure above 
radiological guidelines, in effect at the conclusion of the remedial action, for protecting members of 
the general public as well as occupants of the site. 

Property owned by: United States of America 
986 Jersey Avenue 
New Brunswick, New Jersey 08903 

William M. Seay 
Group Leader 
ORR Remediation Management Group 

Date: @/a 
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DEPARTMENT OF ENERGY 

Environmental Management Advisory 
Board 

AGENCY: Department of Energy. 
ACTION: Notice of postponement of 
committee meeting. 

SUMMARY: This notice announces the 
postponement of the Alternative 
Technologies to Incineration Committee 
(ATIC). 
DATES: Meeting date: Tuesday, 
September 25, 2001-8:30 a.m.-5 p.m.; 
Wednesday, September 26, 2001-8:30 
a.m.4 p.m. 
ADDRESSES: Meeting location: U.S. 
Department of Energy, Forrestal 
Building, 1000 Independence Avenue, 
SW. (Room l&245), Washington, DC 
20585. 
FOR FURTHER INFORMATION CONTACT: 
James T. Melillo, Executive Director of 
the Environmental Management 
Advisory Board (EM-IO), 1000 
Independence Avenue SW. (Room 5B- 
171), Washington, DC 20585; telephone 
(202)586-4400; e-mail 
james.melillo@em.doe.gov. 

Issued at Washington, DC, on September 
19, 2001. 
Belinda Hood, 
ActingDeputyAdvisoly Committee 
Management Officer. 
[FR Dot. 01-23792 Filed 9-21-M; 8:45 am] 
BILLING CODE B45O-Ol-P 

DEPARTMENT OF ENERGY 

Certification of the Radiological 
Condition of the New Brunswick Site in 
New Brunswick, New Jersey, 1996 

AGENCY: Office of Environmental 
Management, Oak Ridge Operations 
(ORO), Department of Energy (DOE). 
ACTION: Notice of certification. 

SUMMARY: The Department of Energy 
(DOE) has completed remedial actions 
to decontaminate the New Brunswick 
site [former New Brunswick Laboratory) 
in New Brunswick, New Jersey. The 
property formerly was found to contain 
quantities of residual radioactive 
material associated with laboratory 
operations of the United States Atomic 
Energy Commission. Based on the 
analysis of all data collected, DOE has 
concluded that any residual radiological 
contamination remaining onsite at the 
conclusion of DOE’s remedial action 
falls within radiological guidelines in 
effect at the conclusion of such remedial 
action. 
ADDRESSES: The certification docket is 
available at the following locations: 

US. Department of Energy, Public 
Reading Room, Room lE-190, 
Forrestal Building, 1000 
Independence Avenue, SW., 
Washington, DC 20585 

U.S. Department of Energy, Public 
Document Room, Oak Ridge 
Operations Office, 200 
Administration Road, Oak Ridge, 
Tennessee 27830 

New Brunswick Free Public Library, 60 
Livingston Avenue, New 
Brunswick, New Jersey 08901 

FOR FURTHER INFORMATION CONTACT: 
Robert G. Atkin, Project Engineer, Office 
of Assistant Manager of Environmental 
Management, Oak Ridge Operations 
Office, U.S. Department of Energy, P.O. 
Box 2001, Oak Ridge, Tennessee 37830, 
Phone: (865)576-1826, Fax: (865)574- 
4724. 
SUPPLEMENTARY INFORMATION: The DOE, 
OR0 Office of Environmental 
Management, has conducted remedial 
action at the New Brunswick site in 
New Brunswick, New Jersey, under the 
Formerly Utilized Sites Remedial 
Action Program (FUSRAP). The 
objective of the program is to identify 
and remediate or otherwise control sites 
where residual radioactive 
contamination remains from activities 
carried out under contract to the 
Manhattan Engineer District/Atomic 
Energy Commission during the early 
years of the nation’s atomic energy 
program. 

In October 1997, the U.S. Congress 
assigned responsibility for management 
of the program to the U.S. Army Corps 
of Engineers (USACE). Completion of 
the certification process was delayed 
pending preparation of a Memorandum 
of Understanding between DOE and 
USACE with regard to completed, . 
remediated sites such as the New 
Brunswick property. The Memorandum 
of Understanding between the U.S. DOE 
and the U.S. Army Corps of Engineers 
Regarding Program Administration and 
Execution of the Formerly Utilized Sites 
Remedial Action Program was signed by 
the parties in March 1999. Funding to 
proceed with the completion of DOE 
closure documentation for several 
FUSRAP sites, including the New 
Brunswick site, was obtained from 
USACE in late 2000. 

From 1948 to 1977, the New 
Brunswick site was used as a general 
nuclear chemistry laboratory for work 
related to government reactor and 
weapons programs. Site structures 
included a main laboratory building, 
plutonium laboratory complex 
containing a hot cell for handling 
radioactive materials, and nine other 
support buildings. 

During 29 years of operation, the New 
Brunswick site provided a variety of 
services using nuclear materials such as 
thorium and uranium ores, high-purity 
plutonium, americium, and enriched 
uranium. In 1960, soil contaminated 
with residues from pitchblende (a 
radium-bearing ore) was moved to the 
site from the Middlesex Municipal 
Landfill, located in the Borough of 
Middlesex. The material was mixed 
with clean soil and used to fill an 
unused rail spur that entered the eastern 
side of the property. In 1977, the New 
Brunswick facility was closed, and 
laboratory operations and personnel 
were relocated. In 1990, NBS was 
formally placed in FUSRAP. 

The site was partially remediated in 
two phases during the late 2979s and 
early 1980s. Phase 1, completed in 1978, 
consisted of removing contaminated 
accessible plumbing, equipment, and 
portions of floors, walls, and ceilings. 
Phase 2, conducted from 1981 through 
1983, included removal of all 
aboveground structures, including 
contaminated concrete foundations and 
onsite drain lines and radioactively 
contaminated soil on the front two- 
thirds of the property. The waste 
materials were disposed of at the 
Nevada Test Site. 

After Phases 1 and 2 were completed, 
verification surveys and sampling 
identified localized areas that were 
contaminated with uranium, radium, 
and thorium. Limited sampling and 
surveying in 1992 indicated that 
radioactively contaminated soils were 
present only within the filled railroad 
spur and a localized spot midway along 
the southern fenceline. The last phase of 
remediation, the excavation of the 
remaining contaminated soil, was 
completed in 1996. 

Post-remedial action surreys 
conducted in 1996 have demonstrated, 
and DOE has certified, that the subject 
property is in compliance with the 
Department’s radiological 
decontamination criteria and standards 
in effect at the conclusion of the 
remedial action. These standards are 
established to protect members of the 
general public and occupants of the site 
and to ensure that future use of the site 
will result in no radiological exposure 
above applicable guidelines. These 
findings are supported by the 
Department’s Certification Docket for 
the Remedial Action Performed at the 
New Brunswick Site, in New 
Brunswick, New Jersey. DOE makes no 
representation regarding the condition 
of the site as a result of activities 
conducted subsequent to DOE’s post- 
remedial action surveys. 
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The certification docket will be 
available for review between 9:00 a.m. 
and 4:00 p.m., Monday through Friday 
[except Federal holidays), in the DOE 
Public Reading Room located in Room 
IE-190 of the Forrestal Building, 1000 
Independence Avenue, SW., 
Washington, DC. Copies of the 
certification docket also will be 
available in the DOE Public Document 
Room, U.S. Department of Energy, Oak 
Ridge Operations Office, 200 
Administration Road, Oak Ridge, 
Tennessee, and the New Brunswick Free 
Public Library, 60 Livingston Avenue, 
New Brunswick, New Jersey. 

DOE, through the Oak Ridge 
Operations Office of Environmental 
Management, Oak Ridge Reservation 
Remediation Management Group, has 
issued the following statement: 

Statement of Certification: New 
Brunswick Site in New Brunswick, 
New Jersey 

The U.S. Department of Energy (DOE) 
Oak Ridge Operations (ORO) Office of 
Environmental Management, Oak Ridge 
Reservation (ORR) Remediation 
Management Group, has reviewed and 
analyzed the radiological data obtained 
following remedial action at the 
property identified as Block 598, Lot 6, 
and Sheet 80 of the Tax Map of the City 
of New Brunswick, Middlesex County, 
New Jersey. Based on analysis of all data 
collected, including post-remedial 
action surveys, DOE certifies that any 
residual contamination remaining onsite 
at the time remedial actions were 
completed falls within the guidelines, in 
effect at the conclusion of remedial 
action, for use of the site without 
radiological restrictions. This 
certification of compliance provides 
assurance that reasonably foreseeable 
future use of the site will result in no 
radiological exposure above radiological 
guidelines, in effect at the conclusion of 
the remedial action, for protecting 
members of the general public as well 
as occupants of the site. 

Property owned by: United States of 
America, 986 Jersey Avenue, New 
Brunswick, New Jersey 08903. 

Issued in Oak Ridge, Tennessee on 
September 6, 2001. 

William M. Seay, 
Group Leader, ORR Remediation 
Management Group. 
(FR Dot. 01-23740 Filed 9-21-01; 6:45 am] 

BILLING CODE 6460-014 

DEPARTMENT OF ENERGY DEPARTMENT OF ENERGY 

Federal Energy Regulatory 
Commission 

Federal Energy Regulatory 
Commisslon 

[Docket No. GT01-32-000] [Docket No. EL01-!50-000] 

Kansas Pipeline Company Enbridge 
Pipelines (KPC); Notice of Proposed 
Changes in FERC Gas Tariff . 

September 18,200l. 

KeySpan-Ravenswood, Inc., 
Complainant v. New York Independent 
System Operator, Inc., Respondent; 
Notice of Amendment to Complaint 

Take notice that on September 12, 
2001, Kansas Pipeline Company (Kansas 
Pipeline) and Enbridge Pipelines (KPC) 
tendered for filing as part of its FERC 
Gas Tariff, First Revised Volume No. 1 
to reflect a corporate name change to 
become effective on October 1, 2001. A 
complete listing of the tariff sheets filed 
are shown on Appendix A, attached to 
the filing. 

September 18,200l. 

Take notice that on September 7, 
2001, KeySpan-Ravenswood, Inc., 
tendered for filing an amendment to its 
March 8.2001 complaint to adopt the 
netting of station power in the 
wholesale power market administered 
by the New York Independent System 
Operator. 

Kansas Pipeline and KPC state that 
copies of its transmittal letter and 
appendices have been mailed to all 
affected customers and interested state 
commissions. 

Any person desiring to be heard or to 
protest said filing should file a motion 
to intervene or a protest with the 
Federal Energy Regulatory Commission, 
888 First Street, NE., Washington, DC 
20426, in accordance with Sections 
385.214 or 385.211 of the Commission’s 
Rules and Regulations. All such motions 
or protests must be filed in accordance 
with Section 154.210 of the 
Commission’s Regulations. Protests will 
be considered by the Commission in 
determining the appropriate action to be 
taken, but will not serve to make 
protestants parties to the proceedings. 
Any person wishing to become a party 
must file a motion to intervene. Copies 
of this filing are on file with the 
Commission and are available for public 
inspection. This filing may also be 
viewed on the web at http:// 
www.ferc.gov using the “RIMS” link, 
select “Docket#” and follow the 
instructions (call 202-208-2222 for 
assistance). Comments, protests and 
interventions may be filed electronically 
via the Internet in lieu of paper. See, 18 
CFR 385.2001(a)(l)(iii) and the 
instructions on the Commission’s Web 
site under the “e-Filing” link. 

Any person desiring to be heard or to 
protest this filing should file a motion 
to intervene or protest with the Federal 
Energy Regulatory Commission, 888 
First Street, NE., Washington, DC 20426, 
in accordance with Rules 211 and 214 
of the Commission’s Rules of Practice 
and procedure (18 CFR 385.211 and 
385.214). All such motions or protests 
must be filed on or before September 25, 
2001. Protests will be considered by the 
Commission in determining the 
appropriate action to be taken, but will 
not serve to make protestants parties to 
the proceeding. Any person wishing to 
become a party must file a motion to 
intervene. Answers to the complaint 
shall also be due on or before September 
25,200l. Copies of this filing are on file 
with the Commission and are available 
for public inspection. This filing may 
also be viewed on the web at http:// 
www.ferc.gov using the “RIMS” link, 
select “Docket#” and follow the 
instructions (call 202-208-2222 for 
assistance). Comments, protests and 
interventions may be filed electronically 
via the Internet in lieu of paper. See, 18 
CFR 385.2001(a)(l)(iii) and the 
instructions on the Commission’s Web 
site under the “e-Filing” link. 

David P. Boergers, 

Secretary 
[FR Dot. IX-23808 Filed 9-21-W; 8:45 em] 

BILLING CODE 6717-01-P 

David P. Boergers, 

Secretary. 

[FR Dot. 01-23812 Filed 9-21-01; 6:45 am] 

BILLINQ CODE 671741-P 

---,.......“-. -I _-.._ 
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Department of Energy 

Suw.xr~ Transfer of Sites to FUSRAP 

To: Donald C. Fulmer, EM-42 

The purpose of this memorandum is to seek your approval to transfer 
responsibility for two sites in the Division of Eastern Area Programs from 
our D&D Branch to the Formerly Utilized Sites Remedial Action Program 
(FUSRAP) in our Off-Site Branch. The two sites are the Niagara Falls 
Storage Site (NFSS) in New York and the New Brunswick Laboratory Site 
(NBL) in New Jersey. 

The' Vicinity Property cleanup at NFSS was managed under FUSRAP, but the 
NFSS site itself was managed under the Surplus Facilities Management 
Program (SFMP). Both activities were implemented in the field by the 
Technical Services Division of ORO. In order to establish the managemenr 
of NFSS in a single branch and under a single program at HQ, I propose 
that the former SFMP management responsibilities for NFSS be shifted tfj 
FUSRAP. 

The NBL site in New Jersey contains a small quantity o? radiologically 
contaminated soil similar to that associated with three FUSaP sites in 
the State. FUSRAP is currently conducting a RI/FS-EIS for its New Jersey 
sites and folding Nf3L into this process would promote an integrated EM' 
approach to resolving the technical, political and economic aspects of 
site cleanup and waste disposal. Another aspect of shifting NBL to FUSRAP 
is the transfer of site responsibility from CH to ORO. However, neither 
CH nor OR0 oppose ,;Se transfer since there are no CH activities at the 
site other than the routine site surveillance and maintenance which can 
easily be performed by ORO. 

This is an ideal time to make these internal changes for two reasons. 
First, ,the RI/FS-EIS is still In the eariy stages, and incorporation of 
the KBL site would be a relatively simple process. Second, FUSRAP has 
recently initiated its rebaselining effort and these changes ca'n be 
incorporated and reflected in the resultant project plan revision. 

.._...-- -__ _-.- -- .- 
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If you agree wJt h the changes outlined above, please signify your approval 
rpaca provtded belw and returning this memorandum to by sl nlng tn the 

%e~ 
9 f you need addlt<ofial information, please contact me (3-4716) or 
Wagoner of my staff (3-4937). 

Area Programs 
Office of Envfrmmental Restoratlon 

. 

?Adams, OR 
J. Hunze, CH ' 
3. Haugen, CH 
1. Prfce, OR-T2 

Approved: @&&j&L . 
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INTERIM RADIOLOGICAL SITE CHARACTERIZATION 

AND D&D STATUS REPORT 

NEW BRUNSWICK LABORATORY - NEW JERSEY SITE 

D&D 

Decontamination and decommissioning was conducted 

at the New Brunswick Laboratory in New Jersey from 

March 2, 1981, to September 29, 1981. During that 

period, all twelve buildings and a cooling tower (see 

Figure 1) were dismantled and removed from the site. 

The only remaining portion of a building for which 

there is still concern for radioactive contamination 

is the concrete slab, with embedded drain lines, from 

the former I building. 

Radioactive contaminated material was separated 

from clean material by surveying all accessible surfaces 

of walls, floors, ceilings, pipes, ducts, beams, shelves, 

equipment, sidewalks, fence, etc., with different types 

of radiation detectors. Portable instruments used 

were: 1) A single channel pulse height analyzer rate 

meter with 2 mm thick by 50 mm diameter NaI (T!Z) detector 

for optimum detection of low energy photons, 2j A rate. 

meter with thin-window 61 cm* gas flow proportional 
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detector for measuring spy surface contamination and 3) 

A rate meter with thin-window 61 cm* gas flow propor- 

tional detector for measuring only a surface contamina- 

tion. By repeating all surveys with instruments having 

different detector characteristics, there is greater 

assurance that no conttiination is being missed. Over 

0.5 million square feet of surface was surveyed with 

each portable instrument. When surface contamination 

was found, the exposure rate at 5 cm from the surface 

was also measured using a micro R meter (rate meter 

with 1 inch by 1 inch NaI (Te) detector). All surveys 

were documented. The criteria for acceptable surface 

contamination levels is given in Table 1. Materials 

contaminated above the criteria were disposed of as 

radioactive waste. 

In addition..to using portable survey instruments 

for making direct surveys for contamination, paper 

smears (swipes) wore taken of at least 5% of all exposed 

surfaces. Whenever contamination' above criteria was 

found, an additional smear was taken of the contamina- 

ted surface. Swipes were counted in a laboratory gas 

flow proportional counter system for a only, and By 

removable surface contamination. Also, samples (portions 

of various materials) were taken from each contaminated 
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item and analyzed with a germanium detector gamma-ray 

spectrometer to identify and quantify the radionuclide 

contaminants. Samples are archived for possible future 

reference. 

Objects which could not be surveyed internally, 

but which had the potential for contamination, were cut 

open to permit complete surveys. If such objects could 

not be economically cut open to permit complete surveys, 

such as a small diameter drain pipe from a laboratory 

sink, it was disposed of as radioactive waste. 

Whenever contaminated material was found, it was 

removed and placed directly into 120 cubic feet steel 

shipping bins which meet DOT and DOE/NV standards. All 

surveying activities and dismantling' actions were 

coordinated to assure that possibly "hidden" contamina- 

tion would be found. An attempt was made to decontami- 

nate large contaminated items if the time and material 

cost was acceptable and if the cleaning waste was small 

compared to the item itself. In all cases, an effort 

was made to minimize the volume of radioactive waste, 

taking into account cost effectiveness. 
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Interim Radiological Site Characterization 
and D&D Status Report 
New Brunswick Laboratory - New Jersey Site 

Sixty-five (65) steel bins (7,800 ft3) of contami- 

nated material were isolated and shipped to NTS in 

Mercury, Nevada. The total quantity of radioactivity 

removed from the site is estimated to be about 81 mCi. 

The activity of each radionuclide detected is listed in 

Table 2. Most of the contaminated material was build- 

ing rubble, but approximately 2300 ft3 of contaminated 

soil was removed from C building plutonium laboratory 

and from a pipe trench between C building and I build- 

ing. The predominant radionuclide in this soil was 

?'lAm at a concentration up to 216 pCi/g of soil. The 

excavation depth was increased in approximately 1' 

increments until sampling results were less than the 

EPA standard of 15 pCi/g of soi1.l Other identified 

radionuclides in this soil were all in the range of 

background concentrations (see Table. 3 for typical 

ranges of background concentrations).* 

'Criteria for Soil Cleanup, New Brunswick Laboratory 
(NBL) New Jersey Site, Decontamination and Decommis- 
sioning, August 1981, DOE Chicago Operations Office. 

*Most of the ranges are obtained from offsite measure-- 
ments in the vicinity of NBL-NJ Site and near Rutgers 
University and Princeton University during 1978 and 
1980. 
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and D&D Status Report 
New Brunswick Laboratory - New Jersey Site 

Analysis was not done for plutonium during the ex- 

cavation, because it required radiochemistry, so it is 

possible that there was plutonium associated with the 

*'lAm contamination. However, a 1978 soil sample from 

the vicinity of the contaminated liquid waste system in 

the C building plutonium laboratory (room 326) showed 

that plutonium was at least 27 times less than americium 

(sample #78Y6: 3.3 x 10' pCi *'lAm/g and 0.12 x 10' pCi 

23g~/g, in the vicinity of sample location #129, see 

Figure 5). Based on this information, it was assumed 

that the ratio of plutonium to americium would be less 

at greater depths, therefore, the excavations were 

back-filled with clean soil prior to completing the 

radiochemical analysis of the samples from this area. 

It is planned to have radiochemical analysis done of 

samples from the excavated soil to determine whether 

further action will be necessary in this area during 

the next phase of the D&D. 

A total of 275 truckloads (approximately 178,000 

ft3) of clean rubble (rubble with no radioactive con- 

tamination) were sent to the Edgeboro Waste Disposal ' 

Site in East Brunswick, New Jersey. One hundred and 

sixty-eight (168) additional loads of clean material 
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(approximately 46,000 ft3) were taken by the dismantling 

contractor as metal scrap and salvage. 

I Building Concrete Pad 

Precautions have been taken to reduce the possi- 

bility of contamination migrating from under I building 

to other portions of the site. To this end, the con- 

crete pad was patched with asphalt, covered with 12 

inches of shale fill and 6 inches of top soil, and 

seeded with grass. In a few areas, the asphalt patches 

were also covered with 0.005 inch thick vinyl plastic 

sheeting. 

A radiation survey (exposure rate at approximately 

0.5 meter above ground) was done of the entire site, 

including the covered pad, during the last days of the 

D&D operations. For most of the site, the exposure 

rate ranged from 4-10 pR/h but along the south fence, 

("dump area") the range was 25-50 pR/h. 
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Test Wells 

To further assess the possible migration of under- 

ground contamination, ten test wells were drilled 

around the site. The locations are shown in Figure 2. 

The wells ranged in depth from 13 feet to 20 feet. All 

of the wells are 4 inch diameter and have at least 10 

feet of PVC screen pipe. The above ground portion of 

the PVC well pipes are protected by 6 inch diameter 

steel pipes with locking caps. Typical well construc- 

tion is shown in Figure 3. Samples were taken from the 

wells on September 29, 19Si, and on November 12, 1981. 

In both cases, samples were shared with the New Jersey 

Department of Environmental Protection, Bureau of 

Radiation Protection. The water samples were analyzed 

for gross (r and gross 8 contamination. The results are 

shown in Table 4. The radioactivity concentration 

found in all wells, except for the one taken from well 

G on September 29, are within the range of background 

for well water (see Table 3 for typical background). 

The highest concentration on November 12, 1981, (3.2 

pCi/Q gross CI and 5.9 pCi/Q gross 8 for Well G, was - 

less than that specified in the EPA primary drinking 
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water regulations.3. At this time, there is no explana- 

tion for why the G well results were higher than all 

others on September 29, 1981, and dropped nearly an 

order of magnitude.on November 12, 1961. However, the 

results for G well are-still higher than those of the 

other wells. There is also no explanation for why the 

concentration in some wells was 

for a in D well) on November 12 

while in others it was higher (7 

C well). It is expected that 

lower (9 times lower 

than on September 29, 

times higher for 6 in 

future analyses will 

resolve these questions. Analysis of the collected 

water samples for specific radionuclides will be accom- 

plished later. Soil samples were also taken at various 

depths during the drilling and will be analyzed later. 

3The maximum concentration levels for radium-226, 
radium-228, and gross 01 particle radioactivity in 
community water systems are given in the regulations 
as: (a) Combined radium-226 and radium-228 - 5 pCi/e. 
(b) Gross a particle activity (including radium- 
226 - 15 pCi/a. 
For beta particles and photon radioactivity of man- 
made radionuclides, the regulations state that the 
average annual concentration in drinking water shall 
not produce an annual dose equivalent to the total 
body or any internal organ greater than 4 millirem/year. 
However, it is further stated that compliance with 
this part of the regulation may be assumed without' 
further analysis for specific radionuclides if the 
average annual concentration of gross beta particle 
activity is less than 50 pCi/fZ, if there is no tritium 
and strontium-90. For the exact wording and a detailed, 
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3 (Cont'd.) 
explanation of the standards see: "National Interim 
Primary Drinking Water Regulations, EPA-570/9-76-003"; 
Environmental Protection Agency, Office of Water 
SUPPlY. 

are 

the 

the 

The water level in the wells on November 12, 1981, 

shown in Figure. 4. The wells were pumped "dry" on 

previous day. It is planned to take samples from 

wells for analysis at approximately 3 month inter- 

vals. The wells will be pumped dry and samples taken 

on the following day. The water level will be documen- 

ted at each sampling. 

Offsite Samples 

Soil, water, and vegetation samples were taken at 

several offsite locations prior to beginning the D&D. 

The locations are shown in Figures 5 and 6 and results 

are shown in Tables SA, SB, 5C, 6 and 7. The vegetation 

samples were primarily grass and were taken over approxi- 

mately one square meter. Continuous air samples were 

taken at the Delco plant on the east side of the site- 

and at Rutgers University during the D&D. Sampling 

flow rate was 60 m3/h and sampling media were changed 



083407 

Interim Radiological Site Characterization 
and D&D Status Report 
New Brunswick Laboratory - New Jersey Site 10 

approximately every 350 hours. None of the samples 

showed count rates above background .of the laboratory 

counters (- 4 cpm, 0.36 cpm/dpm for 23gPu Q and - 360 

cpm, 0.33 cpm/dpm for g*Sr-gOY p). 

Also, calcium fluoride thermoluminescent dosimeters 

were placed at the Delco Plant and at Rutgers University. 

The measured dose for seven months exposure was equal 

to natural background (24 - 39 mrem for 217 days). 

Areas of Concern 

The drain lines under the slab of I building are 

contaminated. The results of samples taken from some 

of the lines and from adjacent soil (see Figure 5 for 

locations) are shown in Table 8. The data confirms 

that plutonium and americium leaked from the lines into 

soil under the slab. Soil sample #124 was at least 

five times the background concentration listed in Table 

3. 

The tons of pitchblende contaminated soil present’ 

on the site, in the former railroad spur, was not dis- 

turbed during the D&D. Results of samples taken around 
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the site (see Figure 5) prior to the start of D&D, are 

given in Tables 9 and 10. The soil samples listed in 

Table 9 were taken in one foot increments with a split- 

spoon sampler down to the depths given in the table. 

For example, a sample taken at the 5 foot depth means 

that the split-spoon sampler collected soil from the 4 

foot to the 5 foot. depth. In cases where the sample 

bore hole was in rock, a core sample was obtained with 

a diamond tipped hollow bit. 

Table 10 which gives the radioactivity concentra- 

tion found in filtered surface water samples and surface;; 

water residue (filtrate) samples has a large number* of 

entries where the radioactivity was less than the 

Minimum Detectable Activity (MDA). When using g:l:nma 

spectroscopy, the MDA for a given radionuclide depcuds 

on sample size, counting time, detector efficieripy. 

gamma-ray yield, etc. However, in this case, it can ?)i: 

assumed that the MDA for the radionuclides listed .L~Y 

approximately the same as the typical background conr.i?n- 

trations given in Table 3. 

The black circles in Figure 5 represent, sample 

locations where contamination was above background artd 

the open circles indicate locations at which samples CiC 
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radioactivity concentration were equivalent to back- 

ground. The circles with a + sign indicate samples 

which were determined by mass spectrometry to have 

uranium isotopic ratios higher than normal ratios. The 

mass spectral data for. uranium isotopic ratios (atom 

percent) is given in Table 5D. The results given in 

Tables 9 and 10 are< only for the samples identified by 

black circles. Results are not given in these tables 

for the open circle samples because they were all 

within the typical range of natural background listed 

in Table 3. 

Offsite soil samples #130A and 133A have shown 

atom percents 1.029 and 1.210 respectively for 235U 

(see Table 5D). Likewise, vegetation samples #130A and 

130B have shown atom percents 1.357 and 1.694 respec- 

tively for 23sU. For natural uranium, the atom percent 

for the 235U isotope should be 0.720. The atom percent 

anomalies do not mean that the uranium concentrations 

on the Delco property fall outside the background 

range. On the contrary, all of the indicated samples 

which show atom percent anomalies, show total U and . 

235U concentrations (see Tables 5C and 7j which are in 

the background range. What the atom percent anomalies 
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do imply is that some uranium on the Delco property, 

even though not above background concentrations, may be 

due to past activities at NBL-NJ. Therefore, the 

possibility of above background concentrations at other 

spots cannot be ruled out. For example, surface soil 

sample #132 (see Table SB) from the Delco property. 

does show an above, background uranium concentration 

(9.81*6.59 pCi/g for 23sU analyzed by Ge(Li) spectrc/- 

scopy). However, this sample is not labeled in Figure 

5 as being above background (black circles) because the 

concentration measured by fluorometry is only 0.51f0 i 

pg total U/g (0.3fO.l pCi/g). This is an obvious discrep- 

ancy in the analytical techniques which cannot be 

resolved without additional sampling and analysis. 

The X, Y coordinates of all samples taken on the 

site, are listed in Table 11. The major cluster of 

above background samples delineate the pitchblende arc.,1 

but there are several other isolated locations, such a:5 

the "dump area" (see Figure 2) along the rear fence, 

which are also contaminated above normal background. 

The sample results given in Tables 9 and 10 are 

rather detailed but are included because they will. b+> 
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valuable during the soil removal phase of the D&D. The 

essence of what the data implies is: (1) The radioac- 

tivity concentration in the pitchblende area is not 

uniform in depth so efficient removal of contaminated 

soil will not be simple* (2) There are other areas of 

contamination on the site which are not due to the 

pitchblende. For example, water residue sample #159 

(see Table 10) showed the presence of enriched uranium. 

(3) There may be other areas of subsurface contamina- 

tion where samples were not taken. 

As shown in Tables 6 and 7, not all samples were 

analyzed for the same number of radionuclides. A 

judgment was made that analysis cost could be reduced 

without sacrificing information required by doing a 

representative number of certain analyses for a limited 

number of samples. Analyses were done for radionu- 

elides (13!Cs, g"Sr, %o, etc.) other than those 

listed in the tables but the results are not given for 

each sample because they were all within the range of 

background concentrations listed in Table 3. 

A close examination of data in many of the table's 

show that there are some discrepancies between differ- 
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ent analytical techniques, such as differences btttwt?erl 

the analysis of uranium by fluorometry and by gamma-ray 

spectroscopy.. These kinds of discrepancies are common 

for low activity environmental samples, particularly in 

. regard to uranium assays, and cannot be resolved at the 

present time. However the differences do not change 

the kind of corrective action required. 

Present Radiological Condition 

The site in its present condition has seversi 

areas of contamination but they are all contain& 

underground and do not present an immediate hazard. A 

surveillance and monitoring program is being maintained 

which includes continued analysis of samples from site 

vegetation and test wells which will be performed at 

approximately 3 month intervals. These analyses will 

serve as early indicators of potential changes in the 

radiological condition of the site. Changes, if any. 

are expected to be slow enough to- allow early c:orrL:c:- 

tive action. 
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TABLE 1 

ACCEPTABLE SURFACE CONTAMINATION LIMITS 

Activity Limit (dpm/lOO cm2) 

Nuclide Removable Total 
(Fixed plus 
removable) 

239pu 2*1Am, other transuranics, 
22sRa: 228Ra, *s6Th, 22*Th, 2$lpg, 
z2!Ac, %?I, 1291 

$k;Eat, ?32Th, gdsr, ?23Ra, 22i’Ra, 
, ‘?61 # 1311, 1sg1 

U-nat, 235U, asaU, and associated 
decay products 

20 

200 

1000 

100 

1000 

5000 

Beta-gamma emitter (nuclides with 
decay modes other than alpha 
emission.or spontaneous fission) 
except gOSr and other noted above. 1000 5000 

NOTES: Measurement of average contaminant should not be averaged over 
more than 1 square meter. 

Levels may be averaged provided the maximum activity in any area 
of 100 cm? is less than 3 times the limit. 

Many of the nuclides listed decay bx alpha emission, whilf! others 
such as 228Ra, *“AC, 12gI, 1311, l 31, and g"Sr decay prlmarlly 
be beta emission. Therefore, the complete absence of alpha con- 
tamination might be used in some cases to infer the absence of 
certain nuclides. 
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TABLE 2 

ESTIMATED TOTAL QUANTITY OF RADIOACTIVITY 
SHIPPED FROM NBL-NJ TO NTS 

Radionuclide 
24lh 

238~ 

TOTAL 

Activity (pCi) 

29,762 

13,281 

2,286 

13,281 

11,350 

11,350 

2 

81,312 



TABLE 3 

TYPICAL BACKGROUND LEVELS 

Soil Vegetation Water 

‘OK 

6”Co 

gOSr 

13’Cs 

226Ra Chain 

228Th 

230Th 

232Th Chain 

235~ 

238Pl.i 

239,240~~ 

* ’ 1 Am 

U Total 

Gross a 

Gross 8 

10-15 pci/g 

0.02-0.8 pCi/g 

0.04-0.2 pCi/g 

0.1-0.9 pci/g 

0.4-1.5 pci/g 
(0.24-1.4 pCi/g)* 

- 1.0 pci/g 

- 1.0 pci/g 

0.7-2.2 pci/g 
(0.31-1.5 pCi/g)* 

8.E-4 - 3.E-3 pCi/g 

8.E-3 - 3.E-2 pCi/g 

4.E-3 - 2.E-2 pCi/g 

0.5-4-o pg/g 

0.04-0.07 pci/g 

- 0.5 pCi total U/g 

0.01-0.04 pci/g 

0.008-0.02 pCi/g 

0.001-0.02 pci/g 

- 0.001 pci/g 

0.0006-0.004 pCi/g 

N 0.5 pCi/l 

- 1.5 pCi total U/1 

- 0.1 pci/a 

- 0.1 pci/a 

- 0.05 pci/e 

O.O4E-2 - 3.E-2 pCi/1 

0.9E-2 -1.2E-2 pCi/1 

3.E-2 - 4.E-2 pCi/1 

1.0-3.0 pCi/l 

0.4-7.0 pci/e 

Typical background exposure rate at 1 meter above ground is 5-10 pR/h (2.3-13 pR/h)* 

iis 
03 
w 
r 
0 

*The values quoted in the parenthesis are taken from “State Background Radiation Levels: 
Results of Measurements Taken During 19’75-1979, I’ ORNL/TM-7343, November 1981. 



TABLE 4 

RADIOACTIVITY CONCENTRATION IN NBL-NJ TEST WELLS 

Well 

Samples Collected Sept. 29, 1981 Samples Collected November 12, 1981 
! Sample Gross a Gross g Sample Gross a 

Number (pCi/l) 
Gross b 

(pCi/t) Number (pCI/L) (pCl/a) 

A 81Y26 0.6f0.2 1.9f0.3 81Y36 l.Of0.2 3.1f0.3 

B 81Y27 2.4f0.2 4.8f0.3 811137 0.6f0.2 1.8f0.3 

C 81Y28 2.0f0.2 3.7f0.3 81Y38 0.4fO.l 2.4f0.4 

D 81Y29 6.1f0.7 7.7f0.4 ' 81Y39 0.720.1 4.0f0.4 

E 81Y30 l.lfO.l 3.0f0.3 8lY40 l.Of0.2 3.4f0.3 

F 81Y31 2.9f0.3 3.2f0.3 81Y41 0.6kO.2 2.8f0.3 

G 81Y32 21.4f0.8 27.2f0.6 81Y42 3.2f0.2 5.9f0.4 

H 811133 0.7f0.2 2.9f0.3 81Y43 0.6f0.2 3.9f0.3 

I 8lY34 0.4fO.l 4.3f0.3 8lY44 0.6f0.2 3.3f0.4 

J 8lY35 0.6fO.l 5.4f0.4 81Y45 0.8fO.l 3.6f0.3 



TABLE 5A 
(See Flgure 6 for sample locations)+ 

OFFSITE SOIL SAMPLE RADIOACTIVITY CONCENTRATION 

Fluorometric 
Analysis 

Sample Depth Chain Chain ‘3’Cs Uranium 
ID# (Feet) pCl/g** PC1 /g’ pci /g pgu/g PC1 /g*+* Remarks 

5-SB-l- 

5-W-2 

5-SB-3 

5-SB-4 

5-SB-117 

5-SB-118 

5-SB-119 

A 

E 
D 

A 

: 
D 

k 
C 
D 

A 

: 
D 

: 
3 
4 

1 
2 
3 
4 

1.12f0.22 

1.37f0.18 

1.68f0.24 

1.82f0.16 

O.IOf0.06 
0.86kO.06 
1.63t0.11 
1.51f0.11 

0.98f0.07 
1.29f0.09 
2.24fO. 16 
2.02f0.14 

1.14f0.08 
1.51io.10 
0.98f0.07 
1.44fO. 10 
2.75f0.19 
5.72f0.40 
7.39f0.52 
5.38f0.30 

l.Olf0.12 

1.16f0.09 

0.90f0.14 

1.07f0.10 

0.4lf0.03 
0.48iO.03 
1.11f0.08 
1.17f0.08 

1.23f0.08 
2.05f0.14 
3.74f0.26 
3.27f0.23 

0.63f0.06 

1.28kO.09 
1.2910.09 
0.76f0.05 
1.11fO.08 
0.93f0.06 
1.02kO.07 
1.18t0.08 

1.95fO. 10 

2.54t0.13 

1.9f0.10 

1.48&0.07 

0.12f0.04 
< 0.03 
< 0.03 
t 0.02 

0.20f0.04 
< 0.03 
< 0.03 
< 0.03 

< 0.03 

0.24f0.04 
< 0.03 
< 0.03 
0.04*0.02 
0.07t0.03 
c 0.03 
< 0.03 

1.9f0.3 
1.8f0.3 
l.Of0.2 
1.5f0.2 

l.Of0.2 
1.8f0.3 
1.2f0.2 
2.4kO.3 

1.6t0.09 
1.3f0.3 
1.3f0.3 
1.8f0.3 

1.6f0.4 
2.4f0.4 
1.8f0.3 
2.2f0.3 

1.3f0.2 
1.2f0.2 
0.7fO.l 
1.0fO.l 

0.7fO.l 
1.2f0.2 
6.8t0.1 
1.6f0.2 

l.lfO.l 
0.9f0.2 
0.9f0.2 
1.2f0.2 

1. HO.3 
1.6f0.3 
1.2f0.2 
1.5f0.2 

Flrst 2” of sol1 
Second 2’: of soil: no Ce(L1) spectrum 
Thlrd 2” of soil: no Ce(Li) spectrum 
Last 6” of soil: no Ce(LI) spectrum 

First 2” of soil 
Second 2” of sol 1. 
Third 2” of 8011: ’ 

no Ge(L1) spectrum 
no Ge(Li) spectrum 

Last 6” of soil: no Ce(L1) spectrum 

First 2” of a01 1 
Second 2” of soi 1’ . no Ge(L1) spectrum 
Third 2” of 8011~ 
Last 6” of soil:’ 

no Ce(LI) rpectrum 
no Ce(LI) spectrum 

First 2” of soil 
Second 2” of aoil: no Ce(L1) spectrm 
Third 2” of soil: no Ge(L1) apactrur 
Last 6” of soil: no Ce(Li) rptctrum 

Saapler 5-58-117 through 5-58-121 
were not analyzed by fluorometry for 
uranium. 



TABLE 5A 
(Cont'd.) - 

OFFSITE SOIL SAMPLE RADIOACTIVITY CONCENTRATION 

Fluorometrlc 
Ge( Li ) Spectra Analyses 

ZJZ h 
Sample Depth ChaTn 

ZZ6R 
Chalt “‘CS Uranl urn 

ID# (Feet) pci/g+ * PC1 /g+ pCl/g pgu/g pa/g++* Remarks 

5-SB-120 
: 

5-SB-121 
B 
3 
4 

6" 
7 
8 

1.58f0.11 
1.70*0.12 
1.86tO.13 
1.87f0.13 
1.76f0.12 
2.47f0.17 
2.48f0.17 
3.24tO.23 

l.Olf0.07 
1.19f0.08 
1.62f0.11 
1.65f0.12 
1.50fO.ll 
1.82f0.13 
2.07f0.14 
2.18f0.15 

1.28f0.09 
1.88t0.13 
1.90f0.13 
2.07kO.14 
1.50f0.10 
1.73f0.12 
2.01f0.14 
1.44f0.10 

l.Olf0.07 
1.14f0.08 
1.43f0.10 
l.llfO.08 
0.91f0.06 
0.86f0.06 
1.05f0.07 
0.88f0.06 

0.16tO.04 
c 0.03 
< 0.03 
< 0.03 
< 0.03 
< 0.03 
< 0.03 
< 0.03 

0.29t0.04 
0.22t0.04 
0.06f0.03 
0.04f0.02 
c 0.03 
0.08tO.03 
0.05f0.03 
0.06f0.03 

'In Figure 6, sample locations are marked by the serial number only. 
For example, 5-SD-1 Is identified as 1. 

‘From *“Ill 609.0 keV line. 

**From **OAc 908.0 keV llne. 

Calculated from the fluorometrlc data assumlng uranium 
equlllbrlum by using the conversion factor 0.6867 pCi/pg. 



TABLE 5B 
(See Figure 6 for sample locations)+ 

RADIOACTIVlTY CONCENTRATIONS IN OFFSITE SURFACE 
SOIL SAMPLES (approx. 2” depth) 

, 

Ge( Ll) Fluorometric 
Spec t roscop+ Analysis 

R 
2ssu ¶SaU Chal:: 

= 3aTh 
Chain ‘OK la’cs pCl/g”. 

pa/g pa/g PC1 /g+ pCi/g” pa/g pa/g MPlJ/lr (Uranium) 

S-88-132 < MDA 9.81f6.59 0.85kO.07 0.99i0.14 19.1f0.6 0.95f0.05 0.5fO.l 0.3fO.l 
S-SB-142 < MDA c MDA 0.41*0.08 0.67f0.01 10.6f0.7 *0.66f0.06 0.7fO.l 0.5fO.l 

+S-SB-143 < MDA ( MDA O.llf0.07 0.84f0.01 11.2f0.6 0.85f0.06 0.8fO.l 0.5fO.l 

S-SB-144 < MDA < MDA 0.39f0.08 0.72f0.01 11.2f0.7 0.39f0.05 2.5f0.1 1.7fO.l 
+S-SB-145 < MDA < MDA 0.49f0.07 0.72f0.01 15f0.7 0.33f0.04 0.820.1 0.5fO.l 

‘In Figure 6, sample locations are marked by the serial number only. 
For example, 5-SB-142, is identified as 142. 

‘From 214Bl 609.0 keV line 

**From ,IrAc 908.0 keV line 

***Calculated from the fluoronetric data assumlng 
uranium equlllbrium by using the conversion 
factor 0.6867 pCl/g. 

*These samples have indicated anomolous lsotoplc ratios for U. 
See Tnble 5D. 



TABLE SC 
(See Fi~urcr 5 and 6 for rample locrtfone)’ 

RADIOACTIVITY CONCENTRATIONS IN OFFSITE SURFACE 
SOIL SAMPLES (pCi/g) 

Fluoromecric 
Radiochemical Anrlyris Anrly2ir 

Urraiw 
Depth (Total) UradU= 
(Inchcc) %C 230Th **‘Th 2s2Th .22cp, *Be 24op, 24lh mill pa/r* 

9-SB-130A 2 1.73fO.llE-1 6.91t0.37E-1 9.5iO.46P-1 g.lt0.41E-1 1.35*0.36E-2 3.10tO.l6E-2 2.63f0.26E-2 1.0fO.l 0.6920.07 

9-SB-130B 4 1.52iO.lOE-1 5.5M0.33E-1 7.63f0.43E-1 7.2UO.41-1 7.54f0.161-4 2.16fO.OEE-2 2.09f0.23E-2 0.7fO.l 0.4bf0.07 

9-SB-131A 2 l.OSfO.O7E-1 8.07k0.47E-1 8.9gfO.O5E-1 9.52f0.51E-1 1.9%0.41E-3 2.33fO.l3E-2 1.95f0.37E-2 1.2fO.l 0.82fO.07 

5-SB-1A 2 0.10f0.05 1.86f0.09 1.61f0.08 1.38fO.l4E-3 42.8f2.OE-3 9.81fO.lBE-3 1.9f0.3 1.3t0.2 

5-SB-2A 2 0.16f0.01 1.92f0.10 1.69f0.08 1.78f0.166-3 40.8&2.01-3 9.6520.978-3 l.Of0.2 0.7fO.l 

5-SE-3A 2 0.1Sf0.05 2.72f0.30 2.10f0.23 l.OfO.lf-3 26.6*1.3E-3 7.96f0.96E-3 1.6f0.09 1.1t0.1 

5-SB-4A 2 0.31tO.06 1.46t0.09 1.42t0.08 0.63fO.l3E-3 24.5f1.2E-3 7.92t1.50E-3 1.6f0.4 l.liO.3 

t In Figures 5 and 6, sample locrtionr arc marked by the serial number only. 
For example, 9-58-130, is identified a8 130. 

*Calculated from the fluoromctric data using 0.6867 pCi/pg as conversion 
factor rrsumln~ uranium equilibrium. If isotopic ration for uranium arc 
highct tbrn tbr ratios of natural uranium, then the total uranium activity 
higher. FIJI. uranium isotopic atom ratios, see Table SD. 



TABLE 5D 

MASS SPECTRAL ANALYSIS OF URANIUM FOR SELECTED 
SOIL, WATER, AND VEGETATION SAMPLES 

(Results given In atom percent) 

ID k-- 234~ 235U 2sau 

9-SB-130A 
9-SB-130B 
9-SB-131A 
9-SB-131B 
9-SB-132B 
9-SB-133A 
9-SB-133B 
9-SB-134 
9-SB-135A 
9-SB-135B 
9-SB-143 
9-SB-145 
9-s-150 
9-s-151 
9-s-155 
9-S-156 

0.0077f0.0009 
0.0064f0.0003 

0.00606f0.00014 
0.00601f0.00026 

0.0057*0.0013 
0.0105f0.0004 
0.0068f0.0008 

0.00605f0.00020 
0.0066f0.0003 

0.00656f0.00028 
0.0103f0.0015 
0.0072f0.0005 

0.01167~0.00008 
0.01416f0.00015 
0.01987f0.00008 
0.01657f0.00010 

9-S-160 0.00607f0.00004 
9-S-163 0.0077f0.0007 

1.029f0.011 
'0.825f0.004 

0.8180f0.0028 
0.8177fd.0012 

0.806f0.028 
1.210f0.005 
0.769f0.007 
0.800f0.004 
0.865f0.009 
0.78OkO.005 
0.853f0.013 
0.848f0.005 

1.5089fd.0029 
1.588f0.004 
2.191f0.004 

1.8403f0.0021 
0.7851f0.0026 

0.88310.006 

98.963f0.011 
99.169f0.004 

99.1760f0.0028 
99.1763fO.bO13 

99.188f0.028 
98.780f0.005 
99.224f0.007 
99.194f0.004 
99.129f0.009 
99.213f0.605 
99.137~0.013 
99.144f0.005 

98.4752f0.0029 
98.394f0.004 
97.783f0.004 

98.1387f0.0022 ; 
99.2088f0.0026 r" 

99.104f0.006 z 



TABLE 5D 
(Cont'd.) 

MASS SPECTRAL ANALYSIS OF URANIUM FOR SELECTED 
SOIL, WATER, AND VEGETATION SAMPLES 

. 

Sample 
ID# 

WATER 
2 3.4 u 235~ 238~ 

9-WB-136 0.0064f0.0019 '0.725f0.007 ' 99.269f0.007 
9-WB-137 0.00522f0.00013 0.7129f0.0030 99.2819f0.0030 
9-WB-138 0.00573f0.00016 0.745f0.004 99.249f0.004 
9-WB-139 0.0076f0.0019~ 0.758f0.016 99.234f0.016 
9-WB-140 0.01089f0.00025 0.759f0.012 99.230f0.012 
9-WB-141 0.0083f0.0008 0.725f0.014. 99.268f0.015 

Sample 
ID # 

VEGETATION 
234u 235~ 238~ 

130A 0.015f0.007 1.357f0,.011 98.629f0.013 
130B 0.018f0.004 1.694f0.010 98.288f0.010 
133A 0 0064fO tier;'? 0.794f0.003 99.205f0.005 
13s.h ~.uu~!J*~j.O006 0 823fO.005 99.169f0.005 : 
1355 i-1 UObLl2fU I’!OUZ9 I,. 826fu. t)d5 99.168tO.005 g 

Q 
4 



TABLE 6 
(See FiSurcr 5 and 6 for Brmplc Locrtioor)’ 

OFFSITE WATER SAHPLES RADIOACTIVITY CONCENTRATION 
(All rcrultr JCC in pCi/g or pCi/ml except where noted otherwire) 

Radiochemical Anrlyxir Herr Spectral Amlyrir 
Uranium lltAIll~* 

Smple 
IDI 9OSr PSoTh **)Th *'*Th 229c24bp,, 24lh 

pCi/a or 
PCilml Remrctr 

9-WE-136 4&l .3E-4 l.OfO.ZE-4 1.3f0.2E-4 0.5f0.2E-4 

9-WB-137 3t3E-3 1.3f0.3E-3 l.U0.3E-3 0.9f0.2E-3 

9-we-137(S) 2.5f0.4E-2 69f9E-2 lOOfl4E-2 13t9E-2 

9-UB-1311 O.?flE-4 2.ai1.5E-5 ail .SE-5 3.6il.2E-5 

9-w-139 1.2f0.2E-2 l.lf0.5E-3 4.4f1.3E-3 5f5E-4 

9-WB-139(S) 5.2fO.llE-2 5.6i0.3E-1 a.lf0.4E-1 7.7*0.41-l 

9-WB-140 2f4E-4 9f2E-5 ’ 9t2E-5 4*2E-5 

9-M-141 lfJE-3 B.Btl.bE-4 7.2fZE-4 3.5fO.BE-4 

9-WrI-141(S) 2.2:0.3E-2 3.7fO.ZE-1 5.5i0.3E-1 4.5t0.2E-1 

t 

0.2fO.LE-4 

0.23fO.l3E-3 

0.4f1.4E-5 

1.4f0.4E-5 

1.7f1.3E-4 

5f2E-4 

3t4E-6 

6t7E-5 

lflE-4 

O.llfO.O6E-4 

O.ltO.lE-3 

.’ 
l.lfO.2E-3 

0.5f0.3E-5 

0.4i1.3E-5 

11.7fO.lP-3 

!ME-6 

1.2f0.6E-4 

3.6t0.4E-3 

CNDA 

( WA 

lf2E-4 

4f4E-5 

IfZE-4 

lf2E-4 

0.3lfl.21-5 

2f2E-4 

lfZE-4 

2.0ttO.O2E-4 

2.69tO.O3E-3 

1.51f.02 

1.31fO.O2E-3 

6.74tO.llE-3 

2.01f.02 

2.46fO.O3E-4 

4.43tO.O5E-3 

1.67t0.02 

1.42fO.OlL-4 

1.%5to.o2E-3 

1.04f0.01 

O.POfO.OlE-3 

4.63tO.OtE-3 

1.3at0.01 

1.69tO.O2E-4 

3.04iO.O3E-3 

l.lSt0.01 

‘In Figurer 5 and 6, sample locrtionr are marked by the rerlal number only. 
For erirnplc, 9-UB-136, in identified am 136. 

*Calculated from mnn xyectrrl rnrlyrir data using the conversion factor 
0.6167 pCi/py for uranium rnd rrrumint equilibria. 

Filtered 
uater 

Filtered 
water 

Sedivnt 

Filtered 
water 

Filtered 
uater 

Sediment 

outfrll 
nortb- 
cart of 

Jersey 
Avenue 

outfall 
oorth- 
rant of 
Jerrcy 
Avenue 

Sediment 
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TABLE 7 
(See Fipwcs 5 end 6 for Ssmple Locstions) 

OFFSITE SURFACE VSCEIATION SAtlPtsS RADIOACTIVITY CDNCENTRATIOW 
(All conceattstions in pCi/l unless otbclvise noted) 

Rsdiochemicrl Analysis tisss Spectral Anslysis 
(Urraium) (Ursniw) 

Fir IsoTh **‘Th *‘*Th 2J’PU 22SD240pu 24lh IQ/l #x/g* Reu rks 

130A 4.5f0.6E-1 AfSE-3 2.f0.6E-2 
Delco side: washed ssaple 

1308 5.0t0.4E-1 5f4E-3 l.XO.SE-2 
Delco side: unwashed sample 

133A 5.9*0.48-l l.lf0.3E-2 2.4f0.4E-2 
North of fence, Jersey Avenue, 
washed ssmple 

1338 7.2f0.4E-1 8.6tZ.IE-3 2.6tO.X-2 
Unurshed sample 

135A7 4.5fO.Z-1 1.2f0.3E-2 2.420.X-2 
Delco side: washed sample 

13sat SfO.GE-1 2tO.4E-2 3.St0.5E-2 
Wesco bide: unwashed sample 

SHE-3 < UDA 1.3fl.3E-3 

7f3E-3 ( tmA ( t0A 

ltZE-3 ME-4 1.9f9.6E-3 

lfO.l9E-3 5f3E-4 1.2f0.4E-3 

1.4t0.3E-2 9t4E-3 

2.lf0.4E-2 C WA 

1.2*0.46-3 

4.4t1.m-3 

t WA 

l.OfO.OSE-3 

6f6E-4 

< HDA 

Sf6E-4 

< tIDA 

9.llSfO.l2E-3 6.76tO.OSE-3 Hess spectrum 
indicates snow 
slous isotopic 
ratio for U. 
See Table SD. 

9.55Hl.lOE-3 6.56f0.07G3 Ursa spectrw 
iadicstes snow 
rlous isotopic 
rstio for U. 
See Trble SD. 

28.10~0.28P-3 19.30f0.19G3 Hsss spectrum 
iodicrtes anow 
slous isotopic 
rstio for U. 
See Tsblr SD. 

30.48f0.3OE-3 20.93io.2113-3 An#rlous iso- 
topic tstio for 
U. See tsblc SD. ’ 

46.20fO.SOE-3 33.10f0.34E-3 tisss spectrw 
indicstes snom- 
slous isotopic 
rstio for U. 
See Table SD. 

61.60*0.601-3 42.30t0.41E-3 tlrss spectrum 
iodicstes snoa- 
slous isotopic 
ratio for U. 
See Table 5D 

*Calculated from mass spectral drts urine the coversion factor 0.6867 pCi/vt for uranium sssumin~ l quilibriucl. 
If isotopic ratios for uranium sre higher thsn the istios of nsturrl urrniw, then the tots1 ursniw Activity 
will be hither. For uranium isotopic atom rstos, see Table SD. 

t There samples sre onsite but were initirlly believed to be offsite because they were outside the ariAins fence. 

. 



TAllLK 8 
(See Figure 3 for Sample Locrtionr) 

SAMPLES FROtl I t3UILDINC PAD 

Cc(Li) Spcctre 
lJ2Th *-RI 

Rodiochemirtry 

Sample 23&u 232u Chain Chain ‘OK 
22Ys240pu 24lh UrMliUm Uraeiw 

ID # PCi/I pCi/a PCilS pci/g PCi/l pa/g @x/t us/r pci/t* Rcrrrkr 

122 

149 

150 

124 

153 

154 

125 

M 

( nDA 

’ 5.811.4 

< WA 

< tlDA 

< nDA 

0.4420.29 

C WA 

l.lM0.13 4.82f0.34 - 

< WA < WA < HDA 

32.6il.3 < tlDA 6.29f2.26 

s 7.6t.l 5.2f0.5 

s 2.8t.l 1.9fO.l 

Soil near pipe 

Pipe frrgmentr , 
rcrrped reridue 

( WA 3130:160 550fSS 178flO 122.2k6.9 Pipe frrpentr 
l men reridue 
Herr rpectrr 
indicrter 
222~2qJ ,tol) 

ratio rnorroly. 

Sample 9122, 149 
6 150 l re from 
same locrtioa. 

C tlDA 1.17f0.26 2.68f0.16 21.2f1.3 

5.9X3.16 1.4lfO. 16 0.26tO.07 2.16t0.43 

0.162f.004 0.101t0.006 O.llf0.03 O.QSAO.03 Soil near pipe 

2OOH 38.7f2.1 29f2 19.9t1.4 Pipe frrgmeote 
6 reridue. 
Radiochemistry 
indicated 
37.4f1.6 Is2Th. 
tlrrr 8 ectre 
shows bl 2W l nomoiy. 

< tlDA c nDA < nDA < tlDA 59 - - Sample 9124, 153 
154 are from 
same locrtion 

< nnll 1.4310.22 1.17t0.12 lB.ltl.3 0.12820.004 0.075f.005 1.720.2 1.2fO.l Soil near pipe 

____ ._ . . .-1c_ ____-__- 
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TABLE B 
(Cont’d.) 

SAHPLES FROfl t BUILDING PAD 

Srnple 
ID I 

23qJ 

PCi/& 

23qj 

pCi/g 

Cc(Li Spectrr 
1 *’ Th **6RI 

Radiochemistry 

Chain Chrin ‘OK 2J9v240pu 24 lh Uranium Uranium 
pCi/g $i/& pCi/g pCi/& pci/g PX/ll pci/g+ Reasrks 

155 0.05f0.03 < WA 0.99f0.03 ( nDA 0.72f0.05 3700f00 49Bf28 lSlf8 103.7f5.5 Pipe frsgrntr 
residue. 
tlrsr rpecttr! 
rnomoly for U. 
Rsdiocbnirtry 
indicsted 
55X32 2r2Tb 

156 

126 

121 

128A 

1280 

0.84?0.01 3.64i1.17 3.61tO.06 0.09f0.03 0.91fO. 14 402Of110 642M 42Bi21 293.9f14.4 Sludge 
llrrr spectra 
rnomoly for u. 
Rsdiochemirtry 
indicrtcd 
572f25 23%. 

. 
1.34fO.09 2.a6f0.30 Soil (trowel 

rrmple) 

15.1fO.06 l.OLfO.69 Soil (trowel 
rrmplc) 

410t33 3.0ltO.21 Soil (4” deep 
trowel rrmple) 

123t9 2.41fO. 17 Soil (B” deep 
trowel sample) 

l Cslculsted from the fluororetric drta using 0.6861 pCi/pg ss converrion factor, rsrumio~ equilibrium. 
If irotopic ratios for ursnium sre bigher than the rrtios of natural uranium, then the tots1 urrniw 
rctivity will be higher. For urrnium isotopic ratios, see Table SD. 

_ .-_A. -- I .’ i - 
_-. 
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Table 9 

RADIOACTIVITY CONCENTRATIONS OF SOIL SAMPLES FROM HSL-NJ SITE 

(See Figure 5 for Sample Locations) 

Sample 
ID I 

Depth 
(Feet) 

Ce( Ll ) Spectra 
Z32Th 2Z6Ra 
Chaln Chain 
(Pa/g)+ (pCl/g)*+ 

ZJlU 

pa/g 
¶**U 
pci/g 

Fluorometric 
Analyses 

pgU/g 

2 1 1.68iO.12 
2 1.47f0.10 
3 1.06*0.07 

4 2.52i0.18 

5 1.02i0.07 

6 1.49i0.10 
7 1.71i0.12 
8 1.82i0.13 

9 2.23i0.16 

10 1.75i0.12 

11 3.6920.26 

11.5 2.09i0.15 
12 1.60i0.11 

3 1 

2 

3 

4 

5 

6 
I 
I 7 

8 

9 
1 

! 

10 

10.5 

2.01i0.14 

1.65i0.12 
2.22f0.16 

1.33t0.09 

1.03f0.07 

1.21i0.08 

1.67i0.12 

1.23to.09 

1.42f0.10 

1.3420.09 

1.55iO. 11 

2.05f0.14 

1.38t0.10 

56.6i4.0 

120i8 

93.5i6.6 

147ilO 

118i8 

172i12 

215il5 

135i9 

187il3 

1.58i0.11 

26.4i1.9 

8.0i0.56 

58.5i4.1 

178f12 

98.6f6.9 

29.7i2.1 
121f9 

81.1f5.7 
I 10.3t0.7 

5.44iO.38 

1.61i0.11 

3.29f0.23 

3i2 

li3 

85i4 

9Si5 

126f6.6 

270ilO 

103i16 

284i20 

46i4 

42Oi130 

660i30 

48i6 

35i2 

13i2 

134i7 

300ilO 

295f60 

52i3 

235f12 

125i6 

241i.12 

94f5 

32i2 

15il 

2.lil.4 
0.7i2.1 

58.4i2.8 

65.2i3.4 

86.5il.l 

185.4i6.9 

70.7ill.O 

195i13.7 

31.6i2.6 

288.4i89.3 

453.2f20.6 

33i4.1 

24il.4 

8.9il.4 
92.0f4.8 

206.0i6.9 
202.6i41.2 

35.7i2.1 

161.4i8.2 

85.8i4.1 
165.5i8.2 

64.6i3.4 

22.0il.4 
0 
w 

10.3i0.7 
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Table 9 
(Cont’d.) 

RADIOACTIVlTY CONCENTRATIONS OF SOIL SAMPLES FROM NBL-NJ SITE 

Sample 
ID W 

Depth 
(Feet) 

Ge( Li) Spectra 
ZZZT,, CzSRa++ 
Chain’ Chaln 
(pCl/g) (pCl/g) 

235~ 23’U 

pCl/g pCl/g 

Fluorometric 
Analyses 

pCl/g of 
*es 

pgu/g Uranium 

9 1 

2 
3 

. 5 
6 
7 

6 1 

2 

3 
4 

5 

6 

7 

8 

9 

9.75 

2.03i0.14 1.10i0.08 l.li0.7 o.ai0.5 
1.78i0.42 3.47f0.24 1.7i0.8 1.2i0.6 
2.15f0.15 78.2i5.5 275i14 188.8i9.6 
1.69i0.12 46.1i3.2 118f6 8l.Oi4.1 
1.32i0.09 117f8 212211 145.6f7.6 
1.51io.11 63.1i4.4 115i6 79.0f4.1 
1.16i0.08 148ilO 22Ok8 15l.li5.5 
1.21iO.08 93.6i6.6 330il6 226.6fll.O 
1.29i0.09 173f12 482f24 331.0f16.5 
1.83i0.13 30.6i2.1 459i23 315.2i15.8 

1.39f0.10 2.32i0.16 6i1 4.liO.7 

1.47i0.10 14.6il.O 31i1.6 21.3il.l 

1.aaio. 13 163ill 342i17 243.9f11.7 

1.13iO.08 242i17 793*40 544.6i27.5 

2.4OiO. 17 llOi8 602f30 413.4i20.6 

5.96i0.42 4032i280 9300i500 6386.3k343.4 

1.36i0.10 lOOi 574i29 394.2i19.9 

1.40i0.10 1.35i0.09 

i.aoi0.13 17.9t1.3 
1.56i0.11 366f26 
1.3aio. 10 125i9 
1.22i0.09 95.6i6.7 

1.21i0.09 160i11 

2il 1.4iO.7 

36i2 24.7il.4 

547f27 376.5f18.5 

326il6 223.9fll.O 

263f13 180.6i8.9 

280il4 192 3i9.6 

0 
a3 
w 

w= 
40 

-4 
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RADIOACTIVITY CONCENTRATIONS OF SOIL SAMPLES FROM NBL-NJ SITE 

Fluorometric 

Sample 
Ita++ 

Analyses 

Depth Chain Chaln 
ID # 

222U 222U 
(Feet) (pCl/g) (pCi/g) pa/g 

pa/g or+** 
pa/g vgu/g Uranium 

8 
(C&ted.) 9 

1.19~0.08 
1.29*0.09 

9.3 

10 1 1.06f0.07 
2 1.15f0.08 
3 1.20f0.08 
4 0.93f0.07 
5 1.97f0.14 
6 1.62f0.11 
7 1.87f0.13 
8 2.17kO.15 
8.5 1.25f0.09 

10.0 1'.66f0.12 
10.5 1.37f0.10 

11 

13 - 1 
2 
5 
6 

1.59f0.11 

1.68f0.12 
1.93~O.l4 
1.78t0.12 
1.86f0.13 
1.94f0.14 
1.59f0.11 

1.04f0.07 
1.24f0.09 
2.03f0.14 

1.43f0.10 

lO.Sf0.8 
36.5i2.6 
20.4fl.4 

l.llf0.08 
l.llf0.08 
23.2f1.6 
67.8f4.7 

83.9k5.9 

169fl2 
33.7f2.4 

186t13 

60.9t4.3 

7.86i0.55 

2.2Sf0.16 

1.40f0.10 

1.39f0.10 
1.45f0.10 
1.28f0.09 
1.48f0.10 
O.Slf0.06 

l.Olf0.07 l.lfO.l 
13.2io.9 25.1f2.5 

45.0f3.2 81.6f8.2 
20.7fl.4 46.2i4.6 

153f8 
104ts 

20fl 

2fl 1.420.7 
3fl 2.1f0.7 

66f3 45.3f2.1 
lOlf5 69.423.4 
127f6 87.2f4.1 
44lf12 302.8k15.1 

'325f16 223.2kll.O 
339217 232.8f11.7 

219fll 150.4f7.6 
49f2 33.6kl.4 

'18fl 12.4t0.7 

2fl 
Cl 

3fl 
If1 
3fl 
3fl 

lOb.lf5.5 
71.4f3.4 
13.7fO.7 

l.lf0.7 

< 0.7 

2.1f0.7 
2.720.7 
2.120.7 
2.1t0.7 

0.8t0.1 
17.2f1.7 

0 
4 

56.0f5.6 

31.7k3.2 



I-------.__ _ 

(Cont'd.) 

RADIOACTIVITY CONCENTRATIONS OF SOIL SAMPLES FROM NBL-NJ SITE 

Fluorometric 
Ge(Li) Spectra 

gaZTh* -Rat* 
Anrlyaee 

Sample Depth Chain Chain 23&U rrru 
ID # (Feet) (Pa/g) (pCi/g) pCl/g pa/g pgu/g 

pCI/g of"' 
Uranium 

7 
(&t'd.) 8 

8.75 

14 1 
2 
3 
4 
5 
7 
8 

16 

17 

1 0.69i0.05 1.83iO.13 1.6i0.2 
2 1.49i0.10 93.9i6.6 220.0i22.0 
3 2.37i0.17 91.5i6.4 70.0i10.0 
4 1.61i0.11 50.8i3.6 70.0i10.0 
5 1.49i0.10 58.6i4.1 54.0iS.0 
6 1.22i0.09 6.56i0.46 22.0i2.0 
7 0.70i0.05 13.2io.s B.BiO.9 
8 1.49i0.10 29.7i2.1 38.0i4.0 
9 0.69i0.05 11.3i0.8 13.1i1.3 
9.75 0.71i0.05 14.0il.O 14.0il.4 

1.51i0.11 28.9i2.0 

1.56i0.11 10.3i0.7 
1.56i0.11 7.53io.53 

0.88iO.06 1.08iO.08 
0.88i0.06 1.03i0.07 ' 
1.05i0.07 33.7i2.4 
1.25i0.09 23.6i1.6 
1.19f0.06 36.6i2.6 
1.06i0.07 1.69i0.12 
1.64f0.11 1.64i0.11 

0.43f0.11 0.67i0.05 0.7i0.1 
0.87i0.06 0.72f0.05 0.8iO.l 
1.16to.06 55.7i3.9 62.0i6.0 
1.17f0.06 73.3f5.1 82.0i8.0 

.35.6i3.6 24.4i2.5 , 
82.0i8.2 56.3i5.6 

1~0.0i20.0 123.6i13.7 

0.3i0.1 0.2iO.l 
1.3iO.l O.BiO.1 

120.0i15.0 82.4i10.3 
4i.oir.o 30.2i2.7 

100.OilO.O 68.7i6.9 
27.0i3.0 18.Si2.1 
13.8i1.5 9.5il.O 

l.liO.l 
151.1i15.1 
48.1i6.9 
48.1i6.9 
37.1i3.4 
13.1il.4 
6.1i0.6 

26.1i2.7 
9.0i0.9 
9.6il.O 

0 
0.5iO.l 
0.5fO.l .c 

42.6t4.1 0 
56.3f5.5 4 



TABLE 9 
(Cont’d.) 

RADIOACTIVITY CONCENTRATIONS OF SOIL SAMPLES FROM NBL-NJ SITE 

Fluorometflc 

Samp 1 e Depth Chain Chain 
IDI (Feet) (pCI/g) (pCl/g) pCl/g pCl/g &Igu/g Uranium 

5 
(LLI.) 6 

7 

8 
9 

9.75 

19 

20 

22 

1 

2 
3 

4 
5 

5.5 

1.55f0.11 71.1f5.0 
0.99f0.07 148flO 
1.93f0.14 46.9f3.3 
1.24f0.09 24.121.7 
1.68fO.12 4.46f0.31 
1.45f0.10 2.08f0.15 

0.88t0.06 1.46f0.10 
0.92f0.06 23.021.6 
1.44f0.10 1.81f0.13 

1.54f0.11 1.19f0.08 
1.32t0.09 1.47f0.10 

1.46f0.10 1.34f0.09 

0.66f0.05 2.40f0.17 

0.74f0.03 0.89f0.06 

< 0.03 1.92fO. 13 

1.42f0.10 22.5i1.6 

1.33f0.09 34.2f2.4 

1.16f0.08 19.7fl.4 
1.46f0.10 7.67f0.54 

< MDA 0.73fO.25 
0.46f0.50 0.64f0.25 
1.28tO.48 12.03f0.32 
1.31t0.26 28.12f0.30 

96.0flO.O 65.9f6.9 

240.0f25.0 164.8f17.2 

94.0f9.0 64.5f6.2 

55.0*6.0 37.824.1 
11.5tl.2 7.9t0.8 

2.9t0.3 2.OkO.2 

1.0fO.l 0.7fO.l 

37.0f4.0 25.4t2.1 

9.6fl.O 6.6f0.7 

0.6fO.l 0.420.1 

0.720.1 0.5fO.l 

l.lfO.l 0.8fO.l 

1.8f0.2 1.2fO.l 

0.6fO.l 0.4&O. 1 

3.1f0.3 2.1f0.2 

1.620.2 l.lfO.l 

37.0f4.0 25.4f2.7 

7.7f0.8 5.3f0.5 

4.7f0.5 3.2f0.3 

< MDA .c MDA 0.220.1 

< MDA < MDA < 0.05 

1.35io.34 40.96f8.03 16.6f1.7 

1.90f0.39 40.69f8.24 57.0f6.0 

O.lfO.1 0 

< 0.03 sz 
11.421.2 4= 
39.lf4.1 0 

U 

. . 



TABLE 9 
(Cont'd.) 

RADIOACTIVITY CONCENTRATIONS OF SOIL SAMPLES FROM NBL-NJ SITE 

Fluorometric 
Ce(L1) Spectra Analyses 

ZJ'Th' dZaRa** 
Sample 

" ID t 
Depth Chain Chain 232U trru pCi/p of+*+ 
(Feet) (pCl/g) (pCi/g) pa/g pa/c pgu/g Uranium 

(%t'd.) 
5 

6 

7 
7.5 

8 
9 

2.06i0.59 68.92i0.65 6.89i0.74 66.05i16.71 130il3 a9.3i8.9 

0.55i0.52 36.69i0.45 3.95i0.53 41.19i15.24 95.0ilO.O 65.2i6.9 

l.lli0.43 38.67i0.39 4.22i0.43 59.64f10.56 105i11.0 72.1i7.6 

1.92iO:78 19.30i0.56 2.91i0.72 23.00f16.93 45.0i5.0 30.9i3.4 

0.45i0.14 1.27i0.08 0.63i0.18 14.62i4.43 22.0i2.0 15.1il.4 

0.24i0.12 0.75i0.06 < MDA < MDA 0.5fO.l 0.3iO.l 

23 l.lli0.53 65.38i0.55 7.62i0.70 99.14f16.0 240i24.0 164.ai16.5 

1.03i0.40 1.76i0.22 ( MDA c MDA 2.5i0.3 1.7i0.2 

1.23i0.20 1.64i0.11 < MDA ( MDA 4.1i0.4 2.8i0.3 

1.45i0.17 1.32i0.09 < MDA ( MDA 2.7i0.3 1.9i0.2 

1.37i0.17 3.33i0.10 0.37i0.18 < MDA 3.li0.3 2.li0.2 

24 1 

2 

3 

4 

4.5 

1.27i0.22 21.53i0.21 2.12i0.32 31.84i7.24 50.0f5.0 

1.27i0.39 0.82i0.20 < MDA c MDA 1.8i0.2 

l.llf0.38 0.94i0.16 < MDA < MDA 0.6fO.l 

1.4li0.19 0.94i0.10 ( MDA < MDA 1.9i0.2 

1.50i0.18 0.81i0.08 < MDA c MDA < 0.05 

34.3i3.4 

1.2iO.l 

0.4iO.l 

1.3iO.l 

c 0.03 

25 1 

2 
3 

4 
4.5 

1.68i0.21 5.25i0.15 < MDA c MDA 286i14 196.4i9.6 

1.27i0.41 1.27i0.21 < MDA < MDA 2.li0.2 1.4iO.l 

1.38i0.16 0.65f0.06 < MDA < MDA 2.6i0.2 l.aio.1 

1.47i0.36 0.95iO.19 < MDA < MDA 1.2i0.3 o.ai0.2 

1.53i0.44 1.26i0.25 ( MDA < MDA 53.0f3.0 36.4i2.1 



. .-_. 

TABLE 9 
(Cont'd.) 

RADIOACTIVITY CONCENTRATIONS OF SOIL SAMPLES FROM NBL-NJ SITE 

Fluorometric 

Sample 
ID # 

Depth 
(Feet) 

Chain 
(pCl/g) 

Chain 
(Pa/g) 

1sru 

pCl/g 
238u 

pa/g 
PCl/l of 

l ** 

Uranium 

27 

28 

29 

26 1 1.04f0.17 0.70f0.08 c MDA < MDA 
2 1.53to.16 0.80f0.07 < MDA ( MDA 
3 1.69f0.33 0.44f0.18 < MDA t MDA 
4 2.50f0.46 0.32f0.21 ( UDA < YDA 
5 1.4321.5s 1.33f0.86 A MDA ( WDA 
6 1.35f0.19 0.86f0.09 0.29f0.22 c MDA 
7 1.62f0.16 0.78f0.07 ( MDA < MDA 

2.2f0.2 

1.6f0.3 
0.6f0.4 
3.3f0.3 
2.4f0.3 

2.3f0.3 
O.Bf0.2 

1 1.33f0.43 1.07f0.23 < MDA < MDA 
2 1.41f0.25 0.68f0.15 0.33kO.22 ( MDA 
3 1.49f1.05 1.16f0.55 < MDA t MDA 

4 1.52f1.00 0.50f0.52 < MDA < MDA 
5 1.56t0.40 1.17f0.21 1.63f0.25 t YDA 

6 1.39f0.17 0.94f0.08 0.88f0.21 12.44f4.47 

l.Sf0.2 

1.4t0.2 

1.0#0.4 

1.3f0.4 

62.0f3.0 

42.0f2.0 

1 1.42f0.16 o.a5*o.oa ( MDA c MDA 2.4f0.4 

2 0.24f1.09 0.61f0.55 < MDA ( MDA 3.1f0.4 

3 1.26f0.44 0.58f0.22 < MDA < MDA . 4.5f0.3 

4 1.64AO.46 1.25t0.25 c MDA t MDA 5.9*0.3 

5 3.31f0.24 1.43f0.12 0.59f0.23 12.37f5.08 26.0fl.O 

6 1.63f0.17 1.01f0.09 < MDA < MDA 10.0fl.O 

1 1 .OOf0.20 0.80fO. 10 0.20to. 18 < MDA 
2 1.51f0.19 0.85~0.10 ( MDA c MDA 
3 1.42f0.44 0.86f0.24 < MDA < MDA 

4 1.27f0.19 0.69f0.09 < MDA c MDA 

:) 1 .[iBfO. 19 1.20t0.10 3.47t0.28 62.20i6.26 

5.9 1.58iO.40 0.92f0.21 t MDA < MDA 

6.6f0.3 
2.6f0.2, 
5.lf0.3 

1.3t0.1 
372.0f19.0 

42.022.0 

1.5fO.l 
l.lfO.l 
0.4f0.3 

2.3t0.2 
1.6f0.2 

1.6f0.2 
0.5fO. 1 

1.3kO.l 
1.0fO.l 

1.320.1 
1.0f0.3 

42.622.1 

28.8k1.4 

1.6f0.3 

2.1i0.3 

3.1f0.2 
4.1t0.2 

17.9*0.7 

6.9t0.7 

4.5f0.2 Q 
l.BfO.1 A- 
3.5:0.2 t&d 

c 
o.st0.1 Q 

255.5f13.0 q 

28.821.4 
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TABLE 9 
(Cont’d.) 

. 
RADIOACTIVITY CONCENTRATIONS OF SOIL‘SAYPLES FROM NBL-NJ SITE 

Sample 
ID I 

Depth 
(Feet) 

Ce(LI) Spectra 
L32Th* zzsRa+* 
Chain Chain 
(pCl/g) (pCl/g) 

2rru 

pa/g 
¶88U 

pa/g 

Pluorometrlc 
Analyses 

clgU/g 

30 1 

2 

3 
4 

5 

31 1 

2 

3 

4 

5 

6 

32 1 1.27f0.32 

2 l.llf0.34 

3 0.33f1.12 
4 1.7122.22 
5 1.24f0.17 

33 1 
2 

3 

4 
5 

1.27f0.17 0.82f0.08 0.16f0.14 
1.25f0.18 0.84f0.08 ( MDA 
1.65fl.44 0.63f0.73 < MDA 
0.71f0.56 0.64f0.18 < MDA 
1.46f0.30 i.12f0.16 1.30f0.17 

1.09f0.23 l.OOfO.ll 
1.85f0.35 0.88f0.19 

1.12f0.18 0.67f0.08 

1.45f0.35 0.92f0.19 

4.5210.21 11.34f0.16 

1.55f0.19 1.27f0.10 

1.46k0.34 0.99iO.18 
1.40f0.18 0.76f0.10 
1.69f0.35 0.88fO. 18 

1.75f0.19 3.17f0.12 

1.21t0.29 1.59f0.16 

0.90f0.17 

0.36f0.19 

0.77t0.55 

1.03t0.10 
0.95f0.09 

0.42f0.23 

< MDA 

0.24f0.17 

< MDA 

3.20f0.30 

0.68f0.20 

< MDA 

< MDA 

< MDA 

< UDA 

< MDA 

< MDA 

< MDA 
< MDA 

4.15f0.28 
1.61kO.21 

< MDA 

< MDA 
< MDA 
< MDA 

24.74e4.45 

<MDA 

( MDA 

< MDA 

( UDA 

61.46f6.95 

16.23Ci.46 

c MDA 

< MDA 

; MDA 

< MDA 

c MDA 

< MDA 
( MDA 
< MDA 

74.llf6.85 
20.7626.08 

4.4f0.2 

2.af0.2 

1.5f0.2 
1.8kO.2 

44f2 

3.1f0.2 

1.5f0.2 

1.3f0.2 

. 3.0t0.2 

246.0f12.0 

50.0f3.0 

1.3f0.2 

2.3f0.3 

2.0f0.3 

6.6f0.3 

14.0fl.O 

2.7f0.5 
1.6f0.5 
7.3f0.4 

143.0f7.0 
70.0f4.0 

3.0fO.l 

1.9fO. 1 

l.Of0.2 
1.2fO.l 

30.2fl.4 

2.120.1 
1.0fO.l 

0.9fO.l 

2.lfO.l 
168.9f8.2 

34.3f2.1 

0.9fO.l 

1.6f0.2 

l.lf0.2 

4.5f0.2 
9.6f0.7 

1.9f0.3 

l.lf0.3 
5.0t0.3 .O 

98.2f4.8 02 

48.1f2.7 i!b 
e 
0 
xl 



TABLE 9 
(Cont'd.) 

RADIOACTIV,ITY CONCENTRATIONS OF BOIL SAMPLES FROM NBL-NJ BITE 

Fluorometric 
Ce(L1) Spectra Analyses 

zrzTh* assRa** 
Sample Depth Chain Chain 23su rsru PCi/C of 

l ** 

ID I (Feet) (pCl/g) (pCl/g) pci/g pa/g Ilgu/g Uranium 

35 1 1.15f0.16 1.24f0.08 < MDA < MDA 
2 1.80f0.31 1.02f0.15 < MDA < MDA 
3 1.52t0.27 1.20f0.15 ( MDA ( MDA 

36 1 1.40f0.39 1.05f0.20 ( MDA < MDA 
2 1.46f0.44 1.37f0.19 < MDA < MDA 

3 3.43f0.38 1.70f0.19 2.06t0.33 23.90f8.98 
4 0.09fl.78 < MDA ( MDA c MDA 

4.5 1.56;0.19 1.99t0.11 0.70f0.21 14.14f6.10 

37 1 1.97f0.31 4.5220.19 < MDA < MDA 
2 1.19f0.34 1.03t0.17 ( MDA c MDA 

2.5 1.39f0.17 1.17io.09 < MDA c MDA 

38 1 0.77io.30 1.09f0.16 < MDA < MDA 
2 0.95f0.31 0.83kO.16 2.26f0.24 ( MDA 
3 1.29f0.88 0.49f0.48 3.67f0.65 70.49f19.60 
4 1.50t0.12 2.93f0.07 l.OSfO.14 17.26f3.80 
5 0.87f0.13 1.58f0.07 < MDA < MDA 

34 1 1.26f0.15 0.9fho.07 < MDA ( MDA 
2 1.73t0.39 1.i3f0.22 < MDA ( MDA 
3 5.14t0.35 1.89f0.19 < MDA < MDA 
4 10.43f0.31 2.87f0.13 0.56f0.28 7.29f4.75 
5 1.92f0.22 2.67f0.13 ( MDA < MDA 

5.8f0.3 4.0f0.2 
5.4f0.3 3.7f0.2 

15.0fl.0 10.3f0.7 
27.0fl.O 18.5f0.7 
9.5f0.5 6.5f0.3 

3.0f0.3 2.1*0.2 
7.7f0.4 5.3f0.3 
8.320.4 5.7f0.3 

2.Bf0.2 1.9fO.l 
2.8f0.7 1.9fO.S 

55.0f3.0 37.8f2.1 
No Sample 

i8.Okl.O 19.2f0.7 

14.0fl.O 9.6f0.7 
2.6f0.4 1.8f0.3 
3.0f0.4 2.ltO.3 

1.5f0.3 1.0t0.2 
No Sample 

23.0fl.O 15.8f0.7 
96.0f5.0 65.9f3.4 

< 1.0 +z 0.7 



TABLE 9 
(Cont’d.) 

RADIOACTIVITY CONCENTRATIONS OF SOIL SAMPLES FROM NBL-NJ SITE 

Sample 
ID # 

Depth 
(Feet) 

Ge( Ll) Spectra 
=l=Th+ ‘-Ra+* 
Chain Chain 
@Cl/g) (pCi/g) 

225~ 

pci/g 
rsau 

pCl/g 

Pluorometrlc 
Analyses 

pgIJ/e 

39 1 

2 

3 

1.06f0.07 

1.21f0.08 

1.26f0.09 

0.93f0.07 

1.17*0.08 

1.82&O. 13 

3.2f0.3 

2.6f0.3 

5.8f0.6 

1.5fO.l 
3.320.3 

4.8f0.5 

5.7f0.5 

1.7i0.2 

3.0f0.3 

5.4to.5 

1.9f0.2 

2.7f0.3 

4.6f0.5 

307f30.7 

21.3f2.1 
3.6f0.3 

l.Bf0.2 
2.8f0.3 

Q 

2.2f0.2 

4.8f0.5 

7.0f0.7 

8.3f0.8 

42 1.51f0.11 
1.63kO.13 

1.52f0.11 

1.96fO. 14 

1.09f0.08 
1.83f0.13 

2.04f0.14 

3.64k0.25 

1.35f0.09 

1.79f0.13 

1.44f0.10 

1.57f0.11 

2.53t0.18 

2.31&O. 16 

2.520.3 

4.4f0.4 

7.8f0.8 

44 

45 1.77f0.12 

1.72f0.12 

1.39fO. ld 

2.06fO. 14 

2.21i0.15 

2.18f0.15 

2.7f0.3 
4.0f0.4 

6.7f0.7 

53 1.15f0.08 

1.44fO.10 
1.35f0.09 
1.48to. LO 
1.46f0.10 

2.0620.14 

1.39f0.10 
1.13f0.08 

1.28i0.09 
1.06f0.07 

447.Ok44.7 

31.0f3.1 
5.3f0.5 
2.6f0.3 
4.1f0.4 

975.1f97.5 2.10f0.15 

1.55t1).10 

1.44f0.10 

1.36f0.10 

1.66f0.12 

1.78f0.12 

1420f142 

3.3f0.3 

6.4f0.6 

2.3f0.2 c 

4.4f0.4 0 
-4 



TABLE 9 
(Cont'd.) 

RADIOACTIVITY CONCENTRATIONS OF SOXL SAMPLES FROM NBL-NJ SITE 

Fluoromecrlc 

(zkt'd.) 

55 

1.89f0.13 1.89f0.13 
l.llf0.06 3.15f0.22 

30.9f3.1 
9.6fl.O 

1 
2 
3 

30.90f2.20 1.51t0.11 
2.42k0.17 2.81f0.20 
1.74f0.12 1.03f0.07 

197f19.1 
21.OA2.1 

5.4f0.5 

135.3k13.5 
14.4fl.4 
3.7f0.3 

56 1 
2 

1.80f0.13 2.06f0.14 
1.73f0.12 0.84tO.06 

16.0f1.6 
3.0f0.3 

11.ot1.1 
2.1f0.2 

57 9.7320.68 4.42f0.31 
2.26f0.16 1.03f0.07 
1.68f0.12 0.7220.05 

86.028.6 59.125.9 
8.6f0.9 5.9t0.6 
2.0f0.2 1.420.1 

51.oci.o 24.0f2.0 140.0f10.0 96.1t6.9 
1.6f2.0 12.0fl.O 8.2i0.7 
2.6f0.3 18.0f2.0 12.4A1.4 
4.0f0.4 9.3f0.9 6.4f0.6 
3.320.3 8.4f1.2 5.8i0.8 

74 

3.6f0.4 
2.1f0.2 
1.7f0.3 

12.0*1.0 
4.3f0.4 

8.2f0.7 
3.0f0.3 0 

PQ, 
0.9fO.l fnw 

c 
1.9f0.2 0 
1.3f0,l w 

75 1 

2 
1.6f0.2 1.9f0.2 

0.9fO.l 

1.3f0.2 
2.7f0.3 
1.9f0.2 

0.62tO.46 
1.08f0.34 
1.43f0.20 

0.67f0.20 . 
0.74f0.15 
0.79f0.09 

61 
2 
3 



RADIOACTIVITY CONCENTRATIONS OF SOIL SAMPLES FROM NBL-NJ SITE 

Sample Depth 
ID I (Feet) 

Ce(L1) Spectra 
z=zTh* -a*+ 
Chain Chain 
(pCi/g) (pCi/g) 

22SU 
pCl/g 

:22u 
pa/g 

Fluorometric 
Analyses 

l +* 

p gu/g E:e’ 

4 
(zwd.) 5 

6 

83 1 1.21f0.37 
2 1.27f0.20 
3 2.02f0.31 
4 1.64f0.19 

85 1 1.30f0.27 
2 1.72f0.20 

3 2.08f0.41 

4 1.9OfO.29 

5 * 1.30f0.23 

6 1.06f0.27 

86 1 1.51f0.26 
2 1.78f0.23 
3 * 1.87f0.31 
4 1.90f0.23 
5 1.82f0.17 
6 1.22f0.34 

100 * 1 
2 
3 

1.03f0.29 
1.61f0.21 
1.21f0.17 

1.16f0.08 
1.3920.10 
1.61t0.11 

0.62f0.12 
1.02f0.09 
0.52f0.06 

0.76t0.22 
0.79f9.40 
1.20f0.15 
0.80f0.09 

1.05f0.12 

0.84f0.09 

0.47f0.19 
0.80f0.13 
0.61f0.10 
0.90f0.12 

0.95f0.13 
0.93f0.11 
1.02kO.13 
0.79to.09 
0.64f0.08 
0.82f0.13 

1.56f0.11 
0.93&0.06 
0.73f0.05 

1.0fO.l 
7.4io.4 
7.5f0.4 

0.4fO.l 
l.lf0.2 
7.1f0.4 
6.7f0.5 

1.6f0.2 

1.6f0.2 

4.4f0.4 

2.5f0.6 

0.2fO.l 

6.0k0.3 

2.9t0.3 

l.Bf0.2 

2.9f0.3 

0.2f0.2 
ll.Of2.0 

0.5fO.l 

7.820.8 
3.2f0.3 
3.1f0.3 

0.7fO.l 
5.1f0.3 
5.2f0.3 

0.3fO.l 

0.8fO.l 

4.9f0.3 

4.6f0.3 

l.lfO.l 
l.lfO.l 
3.0f0.3 

1.7f0.4 

O.lfO.l 
4.1t0.2 

2.0f0.2 

1.3fO.l 

2.0f0.2 

O.lkO.1 
7.621.4 
0.3fO.l 0 

ba 
5.4f0.5 
2.2kO.2 

450 
F 
0 

2.1f0.2 -4 



Sample Depth 
ID I (Feet) 

Ge( Li ) Spectra 
23nTh+ 2’6R a** 
Chain Chain 
(pCl/g) (pCi/g) 

222u 

pci/g 
2JIU 

pci/g 

Fluorometric 
Annlyses 

pCI/g of”’ 
Irgu/g Uranium 

100 4 
(Cont’d.) 5 

6 

1.44f0.10 
1.45f0.10 
1.34f0.09 

0.96f0.07 
l.llt0.08 
1.16f0.08 

3.10.3 2.1f0.2 
3.520.4 2.4f0.3 
2.8f0.3 1.9t0.2 

102 1.8OiO.13 
1.51f0.11 
1.13kO.08 
1.80f0.13 
1.43f0.10 
1.53f0.11 

2.10f0.15 
1.16f0.08 
0.88f0.06 
1.15f0.08 

0.81kO.06 
0.77f0.05 

7.2f0.7 

3.220.3 
2.9f0.3 

2.9t0.3 
2.7f0.3 

4.9f0.5 
2.2io.2 
2.0f0.2 
2.0f0.2 
1.9f0.2 

103 1.72f0.12 
0.48f0.05 

< 0.06 

1.93&O. 14 
0.35t0.02 

0.89iO.06 

6.2f0.6 

3.7f0.4 

3.4f0.3 

2.6f0.3 

4.3f0.4 

2.5f0.3 

2.3f0.2 

1.9f0.2 

104 2.32i0.16 
1.75f0.12 
1.54f0.11 
1.90t0.13 
2.08&0.‘15 

3.44f0.24 
1.32f0.09 
1.09f0.08 
1.21f0.08 
1.15f0.08 

10.6&l. 1 

2.6f0.3 

2.6f0.3 

2.1f0.2 

2.6f0.3 

7.3f0.8 

1.8f0.2 

1.8f0.2 

1.4fO.l 
1.8t0.2 

112 1 
2 
3 
4 
5 

6.18f0.43 18.8f1.3 
4.10f0.30 14.2fl.O 
6.15f0.43 2.28t0.16 
2.28t0.16 3.30f0.21 
1.5220.11 1.4lf0.10 

68.0f6.8 46.7f4.7 
44.0f4.4 30.2f3.0 
39.023.9 26.8t2.7 
13.0f1.3 8.9t0.9 

5.9f0.6 4.lfO.4 



TABLE 9 
(Cont’d.) 

RADIOACTIVITY CONCENTRATIONS OF SOIL SAMPLES FROM NBL-NJ SITE 

Sample 
ID # 

Depth 
(Feet) 

Chain 
(PC1 /g) 

Ra** 
Chain 
(pCl/g) 

rssu 

PC1 /g 
228U 

pci/g 

Fluoroaetric . 
Analyses 

pCi/g of+++ 
pgu/g Uranium 

113 1 

2 
3 

4 

1.96fO. 14 
1.74f0.12 

1.87fO. 13 

1.77tO.12 

9.96t0.70 

1.84&O. 13 
1.04f0.07 

1.25f0.09 

25.4f1.8 

45.4ts.i 

6.04f0.42 

4.94to.34 

2.23&O. 16 

7.77f0.54 

3.26f0.23 

0.58f0.04 

2.54f0.08 

3.08f0.22 

0.41f0.03 

0.4at0.03 

l.llf0.08 
1.17t0.08 

1.28f0.09 

1.29f0.09 

0.78f0.005 

28.0f2.8 

3.Jf0.3 

1.8f0.2 

1.9f0.2 

19.2f1.9 

2.1io.2 

1.2to.1 

1.3fO.l 

114 1 

2 

3 

354.0225.0 

15.3fl. 1 

10.4f0.7 

276.0f27.6 

182.0f18.2 

53.0f5.3 

189.5k19.0 

125.0f12.5 

36.4f3.6 

115 1.72f0.12 

1.27f0.09 

2.16k0.15 

1.38f0.10 

36.0f3.6 
201.1f20.f 

313.0f31.3 

48.0f4.8 

24.7f2.5 
138.0f13.8 

214.9f21.5 
33.0f3.3 

116 223.0f22.3 

5.2.0f5.2 

21.0f2.1 
20f2.0 

153.1f15.3 

35.723.6 

14.4fl.4 

13.7*1.4 

1.76k0.12 

2.4lfO. 17 

1.93to.14 

117 0.4OkO.06 

0.86f0.06 

1.63f0.11 
1.51fO. 11 

1.520.2 

2.020.2 
4.0f0.4 
4.1f0.4 

1.0fO.l 

1.4fO. 1 

2.7f0.3 
2.8f0.03 Cl 

PW 
tow 

r 
0 
-J 

119 * 1 

2 

3 

1.14f0.08 

1.51f0.10 

0.98f0.07 



TABLE 9 
(Cont’d.) 

RADIOAC’l’IVITY CONCENTRATIONS OF SOIL SAMPLES FROM NBL-NJ SITE 

Sample 
ID % 

Depth 
(Feet) 

Chaln 
(pCi/g) 

Chaln 
(pCi/g) 

2ssu 
pa/g 

23&u 
pCl/g pgu/g 

pCl/g of*** 
Uranium 

119 4 1.44f0.10 1.11f0.08 
(Cont’d.) 5 2.75to.19 0.930.06 

6 5.72f0.40 1.02&0.07 
7 7.39to.52 1.18f0.08 
8 5.38f0.38 0.83f0.06 

122 - 0.2 1.80f0.13 4.82f0.34 

127 - 0.2 1511t106 7.06kO.49 

128A - 0.2 470.0f33.0 3.87f0.27 
128B. - 0.4 123.0f9.0 2.41iO.17 

129 - 0.2 0.34f0.07 0.89f0.06 - This sample indicated 3460.0*240.0 pCl/g of 24rAm. 

*From 22sAc gumma line of 908.0 keV, equl-librium assumed. 
** 

From z’4Bl gamma line of 609.0 keV, equilibrium assumed. 
*** 

Calculated’from the fluorometrlc analysis data using 0.6867 pCi/pg as 
the conversion factor for uranium in equllibrlum. 

I 

. _- Ic_-__ - .w--.- -. 



TABLE 10 
(See Figure 5 for Sample Locations)+ 

RADIOACTIVITY CONCENTRATION OF FILTERED SURFACE WATER SAMPLES 
AND SURFACE WATER RESIDUE SAMPLES FROM NBL SITE 

(Activity concentration in pCl/g except where stated otherwise) 

Sample 
IDI *3su 

Ce( Ll) Spectra 
-Ra 

23au Chaln ‘OK 

Fluorometrlc 
Analysle for 
Uranium 

M/g or 
pci /mr 
(Uranium)* 

Remarks 

151W 

151R 

152W 

152R 

157w 

157R 

158W 

158R 

159w 

159R 

160s 

161W 

161R 

( MDA 

( MDA 

0.5f0.3 

< MDA 

< MDA 

( MDA 

< MDA 

< MDA 

( MDA 

0.77kO.52 

1.49kO.20 

< MDA 

( MDA 

q MDA 

( MDA 

( MDA 

< MDA 

< MDA 

< MDA 

< MDA 

( MDA 

< MDA 

23.X3.6 

< MDA 

< MDA < MDA 

C MDA 

( MDA 

( MDA 

(: MDA 

< MDA 

4.94f0.34 

< MDA 

1.39f0.79 

< MDA 

1.57f0.20 

0.85f0.07 

< MDA 

< MDA 

( MDA 

c MDA 

< MDA 

< MDA 

4.06f0.52 

t MDA 

< HDA 

1.09f0.35 

1.31kO.12 

( MDA 

( MDA ( MDA 

( MDA 

c MDA 

( MDA 

( MDA 

< MDA 

24.8fl.9 

0.27f0.08 

45.226.1 

< MDA 

23.2f1.8 

10.7f0.5 

< MDA 

38.9f21 

1.4 )rgm 0.96 

57 pg/g 39.14 

0.005 pg/nlL 0.003 

0.8 rs/rc’ 0.55 

1.5 psm 1.03 

12 Pug 8.24 ’ 

8.1 w‘/I[ 

24 cltz/g 

2.2fO.lE-3 
p g/mL 

95 IJgm 

5.56 

16.45 

1.51f0.07 

65.24 

Filtered water 

Resldue drled 

Fl ltered water. 

Residue dried 

Filtered water 

Resldue dried 

Pi ltered water 

Resldue dried 

Filtered water 

Residue drled 

Sludge, dried. 

Fl ltered water 
Catch basin U4 

Residue dried 



TABLE 10 
(Cont’d.) 

RADIOACTJVITY CONCENTRATION OF FILTERED BURFACB WATER SAMPLES 
AND SURFACE WATER RESIDUE SAMPLES FRDM NBL SITE 

Sample 
IDX 

=lzTh 
Chain 

Fluorometrlc 
Analysis for 
Uranium 

Ci/P or 
;Cl /IlIt 
Uranium* 

Remarks 
162W 5.96*2.89E-2 7.66f5.35E-1 < MDA < MDA ( MDA 4fO. 3E-3 pg/ml 2.75f0.2lE-3 Catch basln west 

of main bldg., 
pltchblende 
area. Fl ltered 
water. 

( MDA 407f15 pg/g 279.49f10.30 Residue dried 

163 ( MDA 2790f140 < MDA < MDA ( MDA 4fl Pl/I 2.73f0.69 Sewer sample 
(saall wt. 
0.123 g). 
Yaas spectrum 
indicates 
anomalous lao- 
topic ratio 
for U. See 
Table 5D. 

tin Figure 5, the snmple location numbers do not include W, R and S. 
For example, 151W is ldentlfled as 151. 

*Calculated from fluorometric data uslng the conversion factor 0.6867 pCl/pg for uranium resuming equilibrlua. 
If isotopic ratios for uranium are higher than the ratios of natural uranluui, 
will be hlgher. For uranlum isotopic atom ratlos, see Table 5D. 

then the total uranium activity 

..-. - -- ,a---- 
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083407 

53 
TABLE 11 

NBL SOIL SAMPLE LOCATION COORDINATES 
(X, Y ORIGIN AT JERSEY AVENUE, WEST FENCE CORNER) 

Measurements in feet 

Location 
No. X Y 

Location 
No. X Y 

1 118 
2 135 
3 148 
4 161 
5 133 
6 151 
7 163 
8 189 
9 174 

10 163 
11 146 
12 195 
13 185 
14 169 
15 210 
16 201 
17 188 
18 174 
19 225 
20 217 
21 203 
22 203 
23 284 
24 240 
25 217 
26 122 
27 136 
28 133 
29 138 
30 132 

443 
429 
'423 
415 
466 
458 
452 
477 
483 - 
488 
496 
503 
508 
518 
518 
520 
533 
539 
543 
549 
559 
541 
515 
474 
473 
188 
226 
243 
258 59 363 394 _-_. .-..-- - - 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
.46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

137 
128 
137 
131 
147 
131 
146 
135 
101 
28 
30 
26 
64 
88 
66 
64 
90 

268 
247 
263 
274 
274 
298 
264 
279 
210 
231 
306 

290 
305 
321 
332 
349 
351 
368 
381 
167 
166 
126 

42 
133 
112 
85 
19 
51 
19 
39 
66 

114 
114 
184 
218 
348 
346 
331 
325 

275 60 375 310 



TABLE 11 
(Cont'd.) 

083407 . 
54 

NBL SOIL SAMPLE LOCATION COORDINATES 
(X, Y ORIGIN AT JERSEY AVENUE, WEST FENCE CORNER) 

Measurements in feet 

Locatlon 
No. X Y 

Location 
No. X Y 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

332 312 
348 252 
383 235 
320 194 
394 137 
415 27 
371 27 
317 109 
279 439 
306 436 
378 438 
185 36 
158 59 
139 140 
195 351 
92 213 
17 223 
20 300 
19 328 
17 376 
24 415 
24 441 
25 488 
11 534 
49 529 
56 465 
58 417 
83 378 
98 337 
83 299 

91 
92 
93 

m 94 

95 

96 

97 

98 

99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 

60 334 
81 445 
81 519 

101 546 
141 525 
101 473 
112 436 
193 402 
210 486 
261 479 
248 524 
275 503 
308 485 
282 535 
217 575 
163 565 
308 563 
313 514 
369 490 
354 539 
345 620 
270 591 
262 57-1 
257 591 
143 400 
236 569 

RUTGERS 
RUTGERS - 

PRINCETON 
PRINCETON 



TABLE 11 
(Cont'd.) 

NBL SOIL SAMPLE LOCATION 
(X, Y ORIGIN AT JERSEY AVENUE, 

COORDINATES 
WEST FENCE CORNER) 

Measurements in feet 

E ocatlon 
No. X Y No. X Y 

121 PRINCETON 144 Offsite 
122 233 196 145 Offsite 
123 278 599 146 124 228 
124 206 196 147' 125 158 
125 199 115 148 266 344 
126 181 267 149 233 196 
127 248 280 150 233 196 
128 245 299 151 388 -14 
129 278 366 ' 152 103 10 
130 373 580 153 206 196 
131 429 239 154 206 . 196 
132 516 13 155 199 115 
133 19 -8 156 199 115 
134 -34 59 157 139 140 
135 61 545 158 298 184 
136 Offsite 159 264 218 
137 Offsite 160 125 158 
138 Offsite 161 125 158 
139 Offsite 162 124 224 
140 Offsite 163 413 186 
141 Offsite 164 208 361 
142 Offsite 165 208 374 
143 Offsite 



TABLE 11 083%07 - 

(Cont'd.) 

NBL SOIL SAMPLE LOCATION COORDINATES 
(X, Y ORIGIN AT JERSEY AVENUE, WEST FENCE CORNER) 

Measurement in feet 

Location 
No. X Y 

Location 
No. X Y 

Well A 199 240 Well H 266 382 
Well B 141 94 Well I 12 342 
Well C 263 36 Well J 249 489 
Well D 134 277 
Well E 210 336 

Storm 
Drains 

119 159 
124 234 

Well F 274 276 392 311 
Well G 384 254 
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EXECUTIVE SUMMARY

The New Brunswick Laboratory-New Jersey Site (NBL-NJ) was used as

a general nuclear chemistry laboratory from 1948 to 1977 by the

Department of Energy (DOE) and its predecessors for analytical

and standards assay work relating to nuclear and non-nuclear

materials utilized by both the reactor and weapons programs. It

consisted of the Main Building, a Plutonium Laboratory Complex, a

Hot Cell and nine other ancillary structures. The total floor

area was about 4100 m 2 (44,000 ft2 ) of which the Main Building

occupied 2500 m 2 (27,000 ft2 ).

During the 29 years of operation, NBL-NJ provided a variety of

services which utilized nuclear materials such as thorium and

uranium ores, high purity plutonium and americium and uranium

enriched in 233U and 235U. Throughout this period there were

periodic contamination incidents, and liquid waste containing

various radioactive nuclides was discharged into the sanitary

sewer system as permitted by the then applicable AEC concen-

tration guides.

In 1960, about 500 m 3 (18,000 ft3 ) of soil contaminated with

Belgian Congo pitchblende was moved from the nearby Middlesex,

New Jersey town dump, mixed with clean soil and used to fill

(total volume about 3100 m 3 ) an unused rail siding at the NBL-NJ

site.

In 1972, plutonium operations were halted due to potential hazard

concerns by the AEC and in 1977, all of the remaining NBL-NJ

operations and personnel were relocated to new quarters in

Illinois. The New Jersey facility was then declared surplus.

Deactivation and preliminary decontamination were performed in

1978 (termed Phase I) with the intent of releasing the buildings

for unrestricted use. However, follow-up surveys detected con-

tamination in the walls, on the foundations, under the floors and

in the sewers. This resulted in the determination that additio-

nal and rather extensive further cleanup were required.



iv

In order to thoroughly check all inaccessible suspect locations,

it was decided that each structure would be dismantled, the

sewers would be removed, and any soil found to have been con-

taminated by leaking drains would be dug up (termed Phase II).

In addition, the previously buried pitchblende contaminated 
soil

would also require removal (termed Phase III) before the site

could be released unconditionally. At the inception of the

Surplus Facilities Management Program (SFMP) the NBL-NJ site

became one of the facilities under its control, and Argonne

National Laboratory was later designated as the lead contractor

for the decontamination and decommissioning (D&D effort).

After preparing a project plan, full scale D&D of NBL-NJ was

initiated in FY 1981. The objectives were: to find and remove

all contaminated materials and soil, to assure that all rubble

and salvage satisfied the unrestricted release criteria, to

minimize the volume of radioactive waste sent offsite for 
burial,

to perform the work with minimum risk to the persons involved 
and

to the public, to satisfy all regulatory requirements, and to

conduct the project in a cost-effective manner.

During the period of March through September 1981 (Phase IIA),

all of the above ground structures were dismantled and the 
radio-

active components were segregated out, packaged for transport 
and

sent to the Nevada Test Site for burial. Non-radioactive

material was taken to a local landfill or salvaged for reuse.

Funding constraints in FY 1982 prevented D&D from continuing so

the site entered the maintenance and surveillance mode and

remained in that state until mid-1983.

D&D was resumed in June 1983 (Phase IIB), and consisted of re-

moving the remaining building remenants and sewer lines, back-

filling all excavations, grading that portion of the land which

was disturbed by the operations, planting a ground cover and
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performing the necessary actions to certify that all radioac-

tivity had been removed from the area (about the front two-thirds

of the site) occupied by the buildings and sewers.

Overall, Phase II of the project cost about $2.8 million, re-

quired some 16 man-years of effort, and generated 330 m 3

(11,700 ft3 ) of radioactive waste and 5400 m 3 (190,000 ft3 ) of

rubble. It was completed on time, within budget, and is believed

to have met all of its objectives.

Since funding has not yet been authorized for removal of the

pitchblende contaminated soil (Phase III), which occupies a

section of the property towards the rear, the project was re-

turned to the maintenance and surveillance mode in FY 1985 and

will remain in that condition until final cleanup is completed.
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REPORT FORMAT

This report has some figures and tables which are referred to

several times. To facilitate finding figures and tables which

are referenced more than once, figures and tables are placed in

an indexed appendix as well as in the text where they are ref-

erenced for the first time. Figures are in Appendix A and tables

are in Appendix B. To avoid severely interrupting the text, only

the first page of long (up to 13 pages) tables are included in

the text. Explanation of footnotes in multiple page tables are

given in Appendix B at the end of each table.
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PHASE II DECONTAMINATION AND DECOMMISSIONING
OF THE

NEW BRUNSWICK LASORATORY - NEW JERSEY SITE
INTERIM REPORT

INTRODUCTION

The principal purpose of this report is (1) to describe the

actions taken and the results obtained during Phase II of the

decontamination and decommissioning (D&D) of the New Brunswick

Laboratory in New Jersey (NBL-NJ), (2) to demonstrate that the

project objectives have been satisfied, and (3) to recommend

further actions. Phase IIA consisted of removal of all above-

ground structures. Phase IIB consisted of removal of the former

main building floor slab, all onsite drain lines, and contami-

nated soil from the section of buried railroad spur beside the

former main building; and site restoration.

In addition, historical and technical information about the

NBL-NJ and the D&D project, which may be of use during planning

and executing the next phase of the project, has been included.

The D&D of the New Brunswick Laboratory in New Jersey is a

project of the Surplus Facilities Management Program (SFMP).
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NBL-NJ HISTORICAL OVERVIEW

The New Brunswick Laboratory-New Jersey was used as a general

nuclear chemistry laboratory from 1948 to 1977 for the U.S.

Department of Energy (DOE) and its predecessors. The site is a

2.3 hectares (5.6 acres) plot in New Brunswick, New Jersey,

located in an area zoned for industrial use. The site is less

than 3.2 kilometers (2 miles) from downtown New Brunswick (see

Fig. A-i). The City of New Brunswick is between New York City

and Philadelphia (30 miles from New York City and 60 miles from

Philadelphia, see Fig. A-2).

The property and the main building, later named Building I, (see

Fig. A-3) of NBL-NJ was transferred from the U.S. Navy to the

Atomic Energy Commission (AEC) in 1948. During World War II, the

building was occupied by a manufacturing company under contract

to the Navy to build naval pumps.

In 1948-1949, the building was renovated and the NBL-NJ was set

up by the AEC as a standards laboratory for official assay of

both nuclear and non-nuclear materials used in the reactor and

weapons program. During the Manhattan Project, this kind of

service had been provided by the National Bureau of Standards.

An outgrowth of NBL's assay work was its assignment to do re-

search and development on quicker and more precise assay methods.
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In addition to assay of nuclear materials, work was also done on

spectrochemical analysis of lithium, magnesium, beryllium,

zirconium, and other materials used in the nuclear fuel cycle.

Over the years, the assay work continued but the mission of

NBL-NJ expanded into activities other than official assay.

NBL-NJ, in effect, became a general purpose chemical laboratory

which provided a broad range of services to the AEC. For example,

NBL-NJ operated a small scale boron recovery pilot plant opera-

tion for the weapons program. Impure forms of boron such as

sodium tetraborate (borax) powder were distilled and purified to

obtain high purity boron.

NBL-NJ was different from conventional analytical laboratories

because it handled unusually large amounts of radioactive mater-

ials in pilot plant type projects for developing extraction and

purification processes. Two such projects were: (1) operation of

a thorium extraction pilot plant and, (2) development of a system

for continuous rather than batch production of uranium tetra-

fluoride UF4, (sometimes referred to as "green salt").

In 1950, Building C (later called the Plutonium Building) was

constructed for the thorium extraction project. A process was

developed for obtaining high purity thorium from the natural ore

and from assorted thorium compounds (scrap). The thorium ore and
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scrap were ground, mixed, milled and sieved in Building D (later

called the Solvent Storage Building). A large ball mill, capable

of handling a few hundred kilograms, was used to pulverize the

raw material. Aqueous mixtures of finely powdered thorium raw

material were treated in pilot plant columns and tanks with

organic solvents to strip out the thorium metal.

The UF4 project was also done in Building C. The objective of

that project was to develop an improved method of producing

uranium tetrafluoride (UF4). A pilot plant was built which used

a moving bed and floating bed method of fluorinating uranium

oxide. This was a continuous process which involved less than

100 kg of raw material at any time but it had a large throughput

(several tons). The raw material was natural uranium ore, and

some contaminated UF4. Building D was used for grinding, mixing,

and milling the uranium raw material.

Another NBL-NJ project which illustrates the quantity of radio-

active material handled, was preparation of 2 kg of high purity

plutonium sulfate for use as standards by other analytical

laboratories. Half-gram samples of this plutonium sulfate were

distributed by the National Bureau of Standards to test and

certify plutonium assay procedures of analytical laboratories

throughout the country.

A hot cell facility (Building A) was constructed in the mid 1970s

but was never used.
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The layout of the buildings on the site prior to the D&D in 1981

is shown in Figure A-3 and its topography is shown in Figure A-4.

At that time, the NBL-NJ was comprised of the original Main

Building (I), a Plutonium Laboratory Complex (B and C), Hot Cell

Building (A), and nine ancillary structures (D through H and J

through M). The total area of the buildings was about 4100 m2

(44,000 ft2). Figure A-5 is a photograph of the Main Building

when the laboratory was in operation. Figure A-6 shows the

deteriorated condition of the building in 1981.

The New Brunswick Laboratory was relocated to Illinois in 1977.

Additional details on the history of the NBL-NJ are given in

Harris 1981.

-a; iX^KNs~-.

Figr . D ete*'r .o 't 'B d-nt'gir d l ..... -. , >; X

Figure A-6. Deteriorating Building I (west side looking south)



11

PRE-D&D CONTAMINATION INFORMATION

It was known that work at the NBL-NJ involved use of thorium and

uranium ores, high purity plutonium and americium, and uranium

enriched in 233U and 235U. It was also known that there were

periodic contamination incidents during the 29 years of operation

and that contaminated liquid waste was discharged into the sani-

tary waste system as permitted by then applicable AEC concentra-

tion guides.

In 1960, about 500 m 3 (18,000 ft3) of soil contaminated with

Belgian Congo pitchblende was moved from the Middlesex, New

Jersey town dump to the NBL-NJ site. The contaminated soil was

mixed with clean soil and used as fill (about 3100 m 3 total) on

an unused railroad spur as shown in the cross-hatched area of

Figure A-3. See Harris 1981, and ORNL 1972, for more details

about the Middlesex pitchblende.

A preliminary decontamination of the laboratory was undertaken by

a private contractor in 1978, with intentions of being able to

release the property for unrestricted use. The preliminary

decontamination involved removal of contaminated equipment,

including exposed plumbing, bench tops and hoods. Contaminated

portions of walls, floors, ceilings, and the plutonium waste

hold-up tanks were also removed.
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Following the preliminary decontamination of the laboratory,

radioactive contamination was detected in the plaster and founda-

tion walls. It was then decided that the property could not be

released for unrestricted use until the structures were dis-

mantled and the contaminated soil beneath them was removed. A

further radiological characterization of the site was specified

at that time.

A more detailed radiological characterization (Wynveen 1978) of

the NBL-NJ structure was initiated by Argonne National Laboratory

(ANL) in late 1978. The characterization indicated residual

surface contamination up to a few thousand dis/min-cm
2 of uranium,

thorium and americium, and trace amounts of cesium, radium,

strontium and yttrium in several buildings. Also, the loading

dock of Building I (see Fig. A-3) was found contaminated. The

onsite sanitary sewer system was found contaminated with low

levels of plutonium and americium.

In 1980, ANL provided additional radiological characterizations

to more fully determine the extent of soil contamination. The

results of that work were published in Wynveen 1982a.

Additional information on pre-D&D efforts can also be found in

ERDA 1977, Catalytic 1979, and Catalytic 1980. The initial

deactivation and preliminary decontamination were referred to as

Phase I of the D&D.
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D&D PHASES

After Phase I, decontamination and decommissioning of the NBL-NJ

was divided into three additional phases. These are:

Phase IIA

Decontamination and removal of all above-ground structures.

Phase IIB

Removal of concrete foundations, all drain lines, and all

contaminated soil (except pitchblende contaminated soil in

former railroad spur).

Restoration of decontaminated portions of the site.

Phase III

Removal of pitchblende contaminated soil.

Restoration of decontaminated portions of the site.

Phase IIA of the project began in March 1981, and was completed

in September 1981. Phase IIB began in July 1983 and was

completed in June 1984. Between Phases IIA and IIB, an assess-

ment was made of radioactive contamination in offsite sanitary
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and storm drains. During that interim, the main onsite sanitary

sewer line from the former Building I was sealed at the fence

line after a section of pipe had been removed to obtain sludge

samples for analysis. The main sewer line had also been sealed

inside the building by ANL during the radiological characteri-

zation in 1978. The purpose of the seals was to prevent further

migration of contamination into the offsite sewer system.

Maintenance and surveillance of the site (which included moni-

toring well sampling to check for potential migration of contami-

nation) were provided between Phase IIA and IIB and will be

provided between Phase IIB and Phase III.

OBJECTIVES OF THE D&D PROJECT

The principal objectives of the D&D are:

1. to find and remove all contaminated items and soil,

2. to assure and document that all rubble and non-reusable

items sent to local landfills and all salvage and scrap

material satisfy the contamination release criteria for

unrestricted use,

3. to minimize the volume of radioactive waste which must be

packaged and shipped for burial,
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4. to complete the project with minimum risk to workers and the

public,

5. to satisfy all city, state, and federal regulatory require-

ments,

6. to practice good public relations and,

7. to include cost effectiveness in all decisions.

FIELD ACCOMMODATIONS

Since no suitable structure was available at the NBL-NJ site for

decommissioning personnel to use as a base of operations, a

combination office and health physics laboratory, and a locker,

shower, and lunchroom facility were specially designed and con-

structed for the field work. These quarters, in the form of two

62-ft long by 14-ft wide mobile trailers, were provided with

water, sewer, electricity and telephones and were used throughout

both segments of Phase II. In addition, a third but somewhat

smaller trailer obtained from surplus, was utilized during Phase

IIB for sample preparation as well as a shop and storage facility.

During the interim between the field activities and at the con-

clusion of Phase IIB, the trailers were removed from the NBL Site

and taken to Argonne, Illinois, for safekeeping.
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SUMMARY OF PHASE IIA

During Phase IIA of the project (March to September 1981), all 12

buildings and the cooling tower were dismantled and removed from

the site. Due to funding restraints in FY'82, the concrete pad

and the underground sewer lines of the former I Building (see

Fig. A-3) were left to be dealt with in Phase IIB. To minimize

the migration of contamination from leaky drain lines by infiltra-

tion of rainwater, the pad was patched with asphalt, covered with

a foot of fill which was followed by the addition of a half-foot

of soil, and then seeded with grass (see Figs. A-7, A-8, and

A-9). This cover proved to be effective in preventing spread of

contamination during the period of inaction.

Figure A-7. Patching Building I Pad

v _, E^ ,+L
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Figure A-8. Covering Building I Pad

Figure A-9. Covered Bu iding I Pad-- at end of Phase IIA
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Figure A-9. Covered Building I Pad at end of Phase IIA
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The concrete pads from Buildings J, L, and M, and the asphalt

parking area (see Fig. A-3) were left as a staging area for

future phases of the D&D. No contamination of concern was

associated with these areas.

Release Criteria

The Phase IIA release criteria for surface contamination are

given in Table B-1. All materials contaminated above the

criteria were disposed of as radioactive waste (if it was un-

economical to decontaminate). Objects with a potential for

contamination but which could not be economically cut open to

permit complete surveys were disposed of as radioactive waste.

The cleanup criterion (DOE-CH 1981) used for soil was 15 pCi of

2 41Am per gram of soil.

General Approach

The approach to isolating above criteria material from clean

material was to repeat the survey of all accessible surfaces

(walls, floors, ceilings, pipes, ducts, beams, equipment, side-

walks, fences, etc.) with different types of portable radiation

detectors. By repeating all surveys with three instruments

having different detector characteristics there was greater

assurance of not missing contamination. (There were cases in
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TABLE B-1. ACCEPTABLE SURFACE CONTAMINATION LIMITSa

Activity Limit (dis/min-100 cm2)
Total

Nuclide Removable (Fixed Plus
Removable)

239u, 241Am, other transuranics,
226Ra, 2 2 8Ra 2 30 Th, 2 2 8Th, 2 3 1Pa
227AC, 125I, 129I 20 100

Th-nat 232Th 90Sr 22 3Ra, 224Ra
232U, 126I, 131I, 133I 200 1,000

U-nat, 235U, 238U, and associated
decay products 1,000 5,000

Beta-gamma emitter (nuclides
with decay modes other than
alpha emission or spontaneous
fission) except 90Sr and other
noted above. 1,000 5,000

NOTES: Measurement of average contaminant should not be averaged over more
than 1 square meter.

Levels may be averaged provided the maximum activity in any area of
100 cm2 is less than three times the limit.

Many of the nuclides listed decay by alpha emission, while others such
as 228Ra, 227Ac, 1291, 131I, 13 3, and 90Sr decay primarily by beta
emission. Therefore, the complete absence of alpha contamination might
be used in some cases to infer the absence of certain nuclides.

aAdopted from Regulatory Guide 1.86, June 1974, "Termination of Operating
Licenses for Nuclear Reactors".
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which contamination missed when using one type detector 
was found

when using a different type.) Over 50,000 m 2 (about 0.5 million

ft2) of surface were surveyed with each of the three portable

instruments. The portable instruments used were:

A thin (0.85 mg/cm 2 ) window, 61 cm2 (300 cm2 when used on

floors) gas-flow proportional detector operated on the beta

plateau with rate meter (Eberline PAC-4G-3) for measuing 
apy

surface contamination.

A thin (0.85 mg/cm 2) window, 61 cm2 (300 cm2 when used on

floors) gas-flow proportional detector operated on the 
alpha

plateau with rate meter (Eberline PAC-4G-3) for measuring a

surface contamination.

A single channel analyzer and rate meter with a 2 mm by

50 mm NaI(T2) detector (Eberline PG-2 detector with PRM-5-3

analyzer-ratemeter) for optimum detection of low-energy

photons. The single channel analyzer was calibrated to

operate in three gross modes; one with threshold at 17 keV

(plutonium L x-ray), a second with threshold at 60 keV

(241Am), and a third with threshold at 186 keV (235U). It

could also be used in three pulse-height analysis modes for

the photon energies listed. The window width of the

analyzer was set at 25% of the selected energy.
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A micro R meter [25 mm by 25 mm NaI(Ta) detector with rate

meter, Eberline PRM-7] for measuring ambient radiation

exposure rates in each area before surveying began.

The calibration of all instruments was verified at least once

daily. Instruments found out of calibration were removed from

service until recalibrated.

In practice, surveys were usually done first with the apy gas-

flow proportional detector. The same area was then resurveyed

with the a gas-flow proportional detector, and again with the

2 mm by 50 mm NaI(TI) detector in the 17 keV gross mode.

Whenever possible, an attempt was made to have different in-

dividuals do the repeat surveys.

In addition to using portable instruments for direct surveys,

filter paper smears (swipes) were taken of at least 5% of all

exposed surfaces. Whenever above-criteria contamination was

found, an additional smear was taken from the spot or area of

highest surface contamination. Smears were counted in the onsite

laboratory low background thin window (0.85 mg/cm2) gas-flow

proportional counting system. Also, samples (portions of the

material) were taken from contaminated items for identification

and assay of the contaminants. This was necessary to estimate

the quantity of activity placed in each radioactive waste

shipping bin.
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Each day an air sample was'taken (flow rate 20 m
3/h) in the work

area and the media was analyzed for activity. In some cases,

personnel were provided with lapel samplers.

An outdoor continuous air sampler was operated onsite, and two

others were operated offsite. No airborne activity concentration

above normal background was detected by any of the air samples.

(Personnel wore powered air purifying respirators during the

handling of asbestos pipe insulation.)

An important step in the D&D approach was that above-criteria

material was removed as soon as it was found and was placed

directly into 120 ft3 steel shipping bins (see Fig. A-10) which

met DOT and DOE/NV standards. Using this approach, there was

less chance of spreading contamination or of accidentally 
mixing

contaminated and non-contaminated materials. In a few cases

where the contaminated material could not be immediately 
removed,

such as a section of a load bearing wall, the contaminated 
area

was sprayed with purple paint to clearly identify it for later

removal as soon as it was safe to do so. The location of purple

areas were documented to make sure that they would not be

forgotten. The structures were not demolished but were "dis-

mantled" wall-by-wall and in some cases, block-by-block 
to avoid

losing identified areas of contamination and also to permit the

survey of "hidden" surfaces.
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Figure A-10. Bins Loaded for Shipping

Waste Generation

Sixty-five bins (7,800 ft3) of contaminated material were iso-

lated and shipped to the Nevada Test Site NTS in Mercury, Nevada,

during Phase IIA of the project (see Fig. A-10). Most of the

contaminated material was building rubble but about 2500 ft3 of

contaminated soil was removed from under the former C Building

Plutonium Laboratory, and from a pipe trench between former C and

I Buildings.
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A total of 275 truck loads (approximately 159,000 ft3 ) of clean

rubble was sent to the Edgeboro Waste Disposal Site in East

Brunswick, New Jersey. One hundred forty-eight additional loads

of clean material (approximately 44,000 ft3) were taken by the

dismantling contractor as metal scrap and salvage. A photograph

was taken of each load of clean material removed from the site

and a document given to the recipient was signed by the onsite

health physicist certifying that the material was clean. Docu-

mentation concerned with clean material is retained in the

project data package.

The quantity of waste materials removed from the site during

Phase IIA is summarized in Table B-2. A summary of the total

radioactivity (81.3 mCi) shipped to the Nevada Test Site is

summarized in Table B-3.

Documentation

All data, including measurements, instrument calibrations, photo-

graphs, sketches, written commentary, etc. were documented such

that decisions made and actions taken during the D&D could be

retraced at any time. Material samples and paper smear samples

were archived for possible future reference. A project data

package of raw data, log books, photographs, etc., will be re-

tained for 10 years.
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TABLE B-2. QUANTITY OF WASTE MATERIALS GENERATED DURING PHASE IIA

Truck Volume Weight
Item Loads Bins (ft3) (pounds) Disposition

Contaminated Material
All non-TRU Low Specific Activity (LSA)

Building 7 44 5,300 258,000 Nevada Test Site
Rubble

Soil 4 21 2,500 156,500 Nevada Test Site

TOTAL 11 66 7,800 414,500

Clean Material

Building 275 - 158,000 - Landfill
Rubble

Wood and 148 - 44,300 - Salvage
Metal Scrap

Fuel Oil 1 - 1,200 - Salvage
(gallons)

TOTALS 423 - 202,800
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TABLE B-3. ESTIMATED QUANTITY OF RADIOACTIVITY REMOVED
FROM NBL-NJ SITE AND SHIPPED TO THE NEVADA
TEST SITE DURING PHASE IIA

Radionuclide Activity (pCi)

2 4 1 Am 29,762

238u 13,281

23SU 2,286

234U 13,281

232Th 11,350

228Ac 11,350

137Cs 2

TOTAL 81,312

Monitoring Wells

Ten monitoring wells were installed at the end of Phase IIA.

These wells have been sampled quarterly for the past three years.

The radioactivity concentrations found in these wells have not

been significantly different from that found in offsite wells. A

description of the monitoring wells and the radioactivity con-

centrations found in each well are given in Appendix C.
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Total Cost

Phase IIA of the project was completed in seven months with a

commitment of nine to ten person-years and a cost of approxi-

mately 1.7 million dollars. Details of the cost are given in

Table B-4 and Figure A-48.

Conclusions About Phase IIA

The NBL-NJ D&D staff for Phase IIA of the project concluded that

all of the objectives of the project were satisfied. Specifically,

the staff affirmed that no debris, scrap or salvage with detect-

able radioactive contamination were released for unrestricted

use. They were convinced that there was no detrimental impact on

the workers and the public during the D&D activities. The staff

was also convinced that the site would not pose a risk to the

public for the period between the end of Phase IIA and the be-

ginning of Phase IIB.



TABLE B-4. NBL-NJ D&D LABOR AND COST SUMMARY FOR PHASE II DECOMMISSIONING

Cost
Person-Years Phase IIA Phase IIB Total

Function or Personnel Phase IIA Phase IIB Total Dollars x E3 Dollars x E3 Dollars x E3

Demolition Contractor 2.0 0.5 2.5 $ 250 $ 50 $ 300

Decontamination Craft 3.0 1.5 4.5 175 115 290

Labor

Health Physics (in- 3.8 2.1 5.9 160 120 280

cluding onsite
sample analyses)

Sample Analysis 0.2 1.7 1.9 33 112 145
at ANL

Project Management 0.5 0.5 1.0 30 40 70

Radioactive Waste 81 55 136
Disposal

Technical Assistance 88 5 93

Travel 223 158 381

Security 50 78 128

Trailer Procurement 70 0 70

Trailer Setup, Teardown 32 49 81
and Transportation

Misc. Transportation 13 6 19



TABLE B-4. NBL-NJ LABOR AND COST SUMMARY FOR PHASE II DECOMMISSIONING
(cont'd.)

CostPerson-Years o s
Phase IIA Phase IIB Total

Function or Personnel Phase IIA Phase IIB Total Dollars x E3 Dollars x E3 Dollars x E3

Fence Improvements $ 7 $ 3 $ 10

Tools, Materials, 186 81 267
Supplies, Services,
etc.

Monitoring Wells 15 8 23

Site Restoration 17 24 41

Equipment - HP Instru- 196 7 203
ments, Miscellaneous

ANL Overhead Assessment 67 218 285

TOTALS 9.5 6.3 15.8 $ 1,693 $1,129 $ 2,822*

*Does not include the $185 k spent in 1982 on site maintenance and surveillance and for offsite sewer
characterization.



Figure A-48

HBL-NJ DOD SCHEDULE AND COST SUtMARY

FY 1981 FY 1982 FY 1983 FY 1984 FY 1985

Quarter Quarter Quarter Quarter Quarter

Ist 2nd 3rd 4th lst 2nd 3rd 4th lst 2ad 3rd 4th slt 2nd 3rd 4tb Ist 2nd 3rd 4th

PHASE IIA

1. Pre D6D Planning, Procuremen t
and Site Mobilization

2. Removal of All Above Ground
Structures

3. Interim Report Preparation A

PIASE IIB

4. Pre D&D Planning, Procurements
and Site Hobilization

5. Removal of Sewers and Facility ---
Remnants

6. Site Radiological Certification

7. Site Restoration & Demobilization

8. Interim Report Preparation

9. Site Maintenance and Radiological
Surveillance

10. Radiological Characterization of
Offsite Sewers

Annual Cost - $in thousands 1693 158 529 600

Annual Budget 1576 148 600 545 95

Prior Year(s) GSO - in thousands 0 13 0 71

Equipment 136 0 0 0

Annual Authorization 1706 161 600 616

Cumulative Cost 1693 1851 2380 2980

Cumulative Budget 1706 1854 2454 2999 3095
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More Details

More details on Phase IIA of the D&D are given in a report pub-

lished at the end of Phase IIA (Wynveen 1982a) and in a paper

(Wynveen 1982b) published in the Proceedings of the 1982 Inter-

national Decommissioning Symposium. Other internal documents

related to D&D during Phase IIA are:

Health Physics Procedures: General Safety, Radiation
Practices, Industrial Hygiene, and Training. NBL-NJ D&D
Project; May 20, 1981 (6 pages).

Health Physics Procedures: Radiation Survey Protocol NBL-NJ
D&D Project; May 20, 1981 (4 pages).

NBL-NJ D&D Project Procedures Use and Changes; May 20, 1981
(1 page).

Health Physics Procedures: Release Criteria and Implementa-
tion Strategies, NBL-NJ D&D Project; May 22, 1981 (10 pages).

Health Physics Documentation Procedures NBL-NJ D&D Project;
May 20, 1981 (7 pages).

Health Physics Training Procedures NBL-NJ D&D Project;
May 20, 1981 (3 pages).

Health Physics Procedures: Sample Preparation NBL-NJ D&D
Project; May 20, 1981 (1 page).

Health Physics Procedures Modification Note: Data Set
Numbering For Objects Decontaminated to Below Criteria.
NBL-NJ D&D Project; May 18, 1981 (1 page).

Health Physics Procedures: Tech Note No. 1 PAC 4G-3 Cali-
bration Verification and Calibration. NBL-NJ D&D Project;
May 20, 1981 (2 pages).

Health Physics Procedures: Tech Note No. 2 PRM-5-3 Response
Verification and Peaking. NBL-NJ D&D Project; May 21, 1981
(2 pages).

Health Physics Procedures: Tech Note No. 3 Micro R Meter
Response Verification NBL-NJ D&D Project; May 1981 (1 page).

Radioactive Waste Packaging and Shipping Procedures NBL-NJ
D&D Project; April 27, 1981 (2 pages).
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Work Specifications: General Philosophy NBL-NJ D&D Project;
April 27, 1981 (1 page).

Work Specifications NBL-NJ D&D Project:
February 27, 1981 (2 pages)
March 11, 1981 (1 page)
March 4, 1981 (1 page)
March 19, 1981 (1 page)
March 26, 1981 (1 page)
April 22, 1981 (2 pages)
June 25, 1981 (1 page)
July 31, 1981 (1 page)
September 10, 1981 (1 page)

Quality Assurance Plan for D&D of NBL-NJ March 1981 (4 pages)

QA Audit Committee for D&D of NBL-NJ; March 9, 1981 (1 page)

OFFSITE DRAINS

At the end of Phase IIA, questions were raised about the extent

of contamination in offsite drain lines. Pre-D&D investigations

had indicated that onsite sanitary sewer lines were contaminated

and that low levels of contamination were also found in an off-

site storm drain catch basin. Based on these findings, it was

decided that ANL should do a more extensive investigation of the

offsite drains to better define the extent of the contamination.

The investigation showed that there was no serious contamination

in offsite drains. The details of this work and the findings are

given in Appendix E.
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DETAILS OF PHASE IIB

Criteria Development and Acceptance

The principal task associated with Phase IIB of the D&D was

isolation and removal of contaminated soil to satisfy an unre-

stricted use criteria. What criteria to use was initially a key

issue. ANL was asked to develop criteria (activity per gram of

soil) specifically for the NBL-NJ site based on a total body dose

equivalent rate of 10 mrem/year.

Early in 1982, work was begun on developing site-specific release

criteria for contaminated soil on the NBL-NJ site. The final

results of that development is given in Table B-5. Details of

the assumptions, etc., used in developing the criteria are given

in Veluri 1983a.

It was estimated that it was technically feasible to achieve

values lower than those determined by the site-specific analysis

without a significant increase in cost. Therefore, in keeping

with ALARA, it was recommended to DOE-CH, SFMP, and the State of

New Jersey Department of Environmental Protection (NJ-DEP), that

the concentrations listed in Table B-6 be used as the release

criteria for Phase IIB of the NBL-NJ D&D project.
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TABLE B-5. ANL DERIVED NBL-NJ SITE-SPECIFIC
SOIL CONCENTRATIONS FOR ANNUAL
TOTAL BODY DOSE EQUIVALENT RATE
OF 10 MREM/YEAR

pCi/g of soil for
Nuclide 10 mrem/yr

239pu 4090

24 1Am 2017

Normal Ua 2225

Natural Ub 40

Natural ThC 25

aThe activity of normal U is due to uranium
isotopes in the ratios usually found in
uranium ore but with all non-uranium
daughters removed (chemically processed
uranium). For example, 100 pCi of normal U
means that the three principal uranium
isotopes in processed uranium ore are present
with the following activities:

NUCLIDE pCi

238U 48.9
234U 48.9
235U 2.2
TOTAL 100.0

bThe activity of natural U is due to uranium
isotopes and all of its daughter products in
the ratios usually found in unprocessed
uranium ore. For example, 100 pCi of natural
U means that the nuclides associated with
uranium are present with the following
activities:

NUCLIDE pCi

233U 48.9
234Th 48.9
234mpa 48.9
234Pa 0.3
234U 48.9
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TABLE 5
(cont'd.)

23 0Th 48.9
226Ra 48.9
222Rn 48.9
218po 48.9
214pb 48.9
21SAt 0.01
214Bi 48.9
210T1 0.02
218Rn
214po 48.9
210pb 48.9
21°Bi 48.9
206T1 -
210po 48.9
235U 2.2
231Th 2.2
231pa 2.2
227Ac 2.2
227Th 2.17
223Fr 0.03
223Ra 2.2
219At
219Rn 2.2
219Bi -
215po 2.2
21 pb 2.18
215At
211Bi 2.2
207T1 2.19
2 1 1 po 0.01

TOTAL 709.11

CThe activity of natural Th is due to 232Th
and all of its daughter products (in
equilibrium with 232Th). For example,
100 pCi of natural Th means that 232Th and
its daughters are present with the following
activities:

Nuclide pCi

232Th 100
22SRa 100
22SAc 100
228Th 100
224Ra 100
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TABLE B-5
(cont'd.)

220Rn 100
216po 100
212pb 100
212Bi 100
212po 63.8
208T1 36.2

TOTAL 1000.0

TABLE B-6. PROPOSED SOIL CRITERIA FOR PHASE IIB
OF NBL-NJ D&D

Nuclide pCi/g of soil

239pu 200200

241Am 200

Normal Ua 200

Natural Ub 40

Natural ThC 25

226Ra 5

a,b,cSee Footnotes for Table B-5.
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The suggested values were accepted by DOE-CH and by SFMP. The

position of the State (NJ-DEP) was that the criteria would be

accepted if there was concurrence from the EPA.

In order to avoid delaying the project, ANL suggested that an

attempt could be made to decontaminate the site so that the

average concentration for all radionuclides of concern were

indistinguishable from the ambient background concentrations in

the New Brunswick area (typical background concentrations are

given in Table B-7). If this proved to be impractical, then

criteria values listed in Table B-6 would be used as an upper

limit. On that basis, the State (NJ-DEP) agreed that work could

proceed.

As of June 1984, concurrence on the criteria had not been

obtained from the EPA. However, the original commitment to try

to decontaminate the site to levels comparable to natural back-

ground was adhered to so the lack of concurrence did not present

a serious problem.

Field Instrumentation

Modern laboratory instrumentation allows determination of radio-

nuclide concentrations in soil at levels which are well below any

currently proposed criteria. However, efficient D&D is based on

the assumption that the contamination can be found in the field.

Because a sampling system alone is inadequate and inefficient for



TABLE B-7. TYPICAL BACKGROUND LEVELS

SOIL VEGETATION WATER CONCRETE

40 K 10 - 15 pCi/g

60Co 0.02 - 0.8 pCi/g
90Sr 0.04 - 0.2 pCi/g 0.04 - 0.07 pCi/g - 0.5 pCi/A

13/cs 0.1 - 0.9 pCi/g

226Ra Chain 0.4 - 1.5 pCi/g -0.5 pCi/g total U/g ~ 1.5 pCi total U/I - 0.1 - 4 pCi/g

(0.24 - 1.4 pCi/g)*

228Th -1.0 pCi/g 0.01 - 0.04 pCi/g - 0.1 pCi/I

230Th -1.0 pCi/g 0.008 - 0.2 pCi/g - 0.1 pCi/a

232Th Chain 0.7 - 2.2 pCi/g 0.001 - 0.02 pCi/g - 0.05 pCi/A

(0.31 - 1.5 pCi/g)

23 5 U -0.001 pCi/g

238u 8.E-4 - 3.E-3 pCi/g 0.04E-2 - 3.E-2 pCi/£

239'238pu 8.E-3 - 2.E-1 pCi/g 0.0006-0.004 pCi/g 0.9E-2 - 1.2E-2 pCi/A

241Am 4.E-3 - 2.E-2 pCi/g 3.E-2 - 4.E-2 pCi/A

U Total 0.5 - 4.0 pg/g 0.5 - 2.4 pCi/a
(0.3 - 3 pCi/g)

Gross a 1.0 - 3.0 pCi/A

Gross P 0.4 - 7.0 pCi/£

Typical background exposure rate at 1 meter above ground is 5-10 pR/h (2.3-13 pR/h).^

-The values quoted in the parenthesis are taken from "State Background Radiation Levels: Results of Measure-

ments Taken During 1975-1979," ORNL/TM-7343, November 1981.
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finding contamination, one must depend on in situ detection with

portable field instrumentation.

For Phase IIB of the D&D, it was decided that the most efficient

and practical portable instrument for finding the contaminants of

interest was a 2 mm by 50 mm NaI(TA) detector with a single

channel analyzer and rate meter. The detector had a retractable

collimator (about 10 mm thick lead) and the analyzer was operated

in the gross mode with the threshold set at 17 keV. The energy

calibration of each instrument used in the field was checked

daily and corrected as needed. The calibration and efficiency of

each instrument were recorded in a special calibration logbook.

A photograph of the basic instrument (Eberline PG-2 detector and

PRM-5-3 analyzer-ratemeter) is shown in Figure A-11. Another

version of the instrument (Eberline PG-2 detector and Ludlum

L2220 analyzer/rate meter and scaler) which uses a scaler in

addition to a rate meter with analog and digital readout is shown

in Figure A-12. Both instruments produced an audible output with

repetition rate proportional to count rate.

A 25 mm by 25 mm NaI(Ta) detector and a 50 mm by 50 mm NaI(Ta)

detector were also used but the signal to background ratio of

these detectors did not prove to be better than that for the 2 mm

by 50 mm NaI(TA) detector.

A portable phoswich detector system was tested but its sensi-
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Figure A-11. Principal Field Instrument Used During Phase IIB

Figure A-12. Detector With Ludlum Analyzer/Ratemeter-Scaler
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tivity for the NBL-NJ application was not found to be a sig-

nificant improvement over the shielded 2 mm x 50 mm NaI(T2)

detector. The phoswich detector was a 1 mm by 100 mm NaI(Ta)

crystal mounted to a 25 mm by 100 mm CsI(TA) crystal.

In practice, the detection limit of a field instrument is greatly

influenced by the care and experience of the user. Special care

was taken to use experienced health physics personnel to increase

the odds of finding contamination.

Other types of portable instruments which were used were:

A thin (0.85 mg/cm2) window, 61 cm2 gas flow proportional

detector operated on beta plateau with rate meter (Eberline

PAC-4G-3) for measuring the combination of apy surface

contamination. This instrument was used primarily for

checking personnel and vehicles for contamination.

A thin (0.85 mg/cm2 ) window, 61 cm2 gas flow proportional

detector operated on alpha plateau with rate meter (Eberline

PAC-4G-3) for measuring a surface contamination. This

instrument was also used primarily for checking personnel

and vehicles for contamination.

A micro R meter [25 mm by 25 mm NaI(Ta) detector with rate

meter, Eberline PRM-7] for estimating exposure rate.
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Onsite Laboratory Analyses

All gamma analyses were done in the onsite laboratory trailer and

could be completed in a relatively short time so that field work

was not unduly delayed. Soil sample preparation was done in a

portion of the shop and storage trailer. The principal laboratory

equipment included a gamma-ray spectrometer consisting of a

germanium detector and a multichannel analyzer. The procedures

and assumptions used for gamma-ray assay of samples, and the

minimum detectable activities for the assay system are discussed

in Appendix F.

At the beginning of Phase IIB, a brief attempt was made to do

onsite radiochemistry for alpha spectroscopy of plutonium. A

silicon surface barrier detector was used for alpha spectroscopy.

The design of the onsite facilities for radiochemistry were not

optimal and it proved more efficient to send samples back to ANL

for plutonium analysis. The radiochemistry procedures used to

prepare plutonium samples for alpha spectroscopy are given in

Kretz 1983a. The procedures used for alpha spectroscopy assay

are given in Kretz 19g3b.*

There was concern that analysis of the expected large number of

samples by gamma and alpha spectroscopy would be a difficult

burden in terms of time and cost. Gross a and gross py counting

of two-inch diameter planchets of soil samples in a low back-

ground thin window gas-flow proportional detector were tried as a
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possible means of reducing some of the analysis time and cost.

The approach was similar to that used during the cleanup of

Eniwetok. Gross a and My counting, in addition to gamma and

alpha spectroscopy, were done for some samples to determine

whether there was a reliable correlation. Preparation and

counting of soil samples for gross a and gross Py could be

completed in about 20 minutes compared to hours for gamma spec-

troscopy and days for alpha spectroscopy.

As shown in tables B-10, B-ll, and B-15 (see Appendix B), there

is no simple correlation for a complex mix of radionuclides (at

those concentrations). Gross a and gross Py counting of soil

could be valuable for a single nuclide but was not dependable for

the mix of contaminant and naturally occuring radionuclides found

in the NBL-NJ soil.

D&D Approach - Concrete Pad

After the 18-inch protective soil cover over the I Building floor

was removed by bulldozers, the entire concrete pad was surveyed

to compare results with the survey done before the pad was covered

in September 1981. It was known that the sewer lines under the

pad were contaminated but no radiation above background could be

detected on the surface of the pad.
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The initial plan was to survey the underside of the concrete

floor and the soil beneath it as complete sections of the pad

were inverted by the bulldozer operator. In practice, most of

the slab crumbled into many little pieces as it was lifted so it

was impossible to thoroughly survey the underside of the slab as

intended (see Fig A-13.)

Because the slab was in immediate contact with the soil beneath

it, it was reasoned that if no contamination was found on the

soil surface, it would be highly unlikely to find contamination

on the underside of the slab. Using this rationale, the soil

surface was surveyed meticulously while the bits and pieces of

concrete were surveyed as thoroughly as practical.

Figure A-13. Removal of Building I Pad Concrete
Figure A-13. Removal of Building I Pad Concrete
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All uncontaminated concrete from the I Building floor and from

foundations was sent to local landfills (Global Landfill near

Sayerville, New Jersey, and Edgeboro Disposal in East Brunswick,

New Jersey). A composite sample of the clean concrete was taken

from each truckload. A portion of each sample was set aside for

the State. Samples from each truckload were given a number with

the prefix "ICON" (for I Building concrete).

Eighty loads (approximately 31,000 ft3 ) of concrete were taken

to landfills during Phase IIB. Fifteen percent of the concrete

samples collected was randomly selected for analysis. The method

used for sample selection is described in Veluri 1983b. The

results of the analysis of the selected ICON samples are given in

Table B-9.

The results are considered to be within the normal range of

radionuclide concentrations in concrete. (Table B-7 gives

typical background activity concentrations in concrete.)

Removal of Hot Spots

Whenever contamination was found, it was usually confined to a

relatively small area. In most cases, contaminated "spots" found

in soil were under leaky joints in the sewer lines. The contami-

nated soil at each hot spot was removed as soon as it was

detected and immediately placed into a radioactive waste shipping



TABLE B-9. CONCRETE FROM FORMER I BUILDING (ICON SAMPLES)

PICO CURIE/GRAM c

SAMPLE
NO. Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

ICON-1 2.9a < 8 < 0.3 0.5 < 0.3 0.00/0.00

18% 25%

ICON-2 0.89b < 5.3 < 0.2 0.5 < 0.2

11% 24%

ICON-4 0.84b < 5.3 < 0.2 0.5 < 0.2 0.00/0.00

11% 23%

ICON-14 0.85b < 5.3 < 0.2 0.6 < 0.2 0.00/0.00

11% 19%

ICON-16 0.83b < 5.3 < 0.2 0.5 < 0.2 0.00/0.00

11% 22%

ICON-34 1.1b < 5.3 < 0.2 0.78 < 0.2

9% 17%

ICON-41 0.85b < 5.3 < 0.2 0.62 < 0.2

11% 20%

ICON-44 1.9 < 5.3 < 0.2 0.66 < 0.2

10% 19%

ICON-54 1.2a < 5.3 < 0.2 0.68 < 0.2

39% 19%

ICON-55 0.92 < 5.3 < 0.2 0.79 < 0.2

9% 18%

ICON-63 1.2b < 5.3 < 0.2 0.87 < 0.2
15%

ICON-65 1 . 1a < 5.3 < 0.2 0.69 < 0.2

38% 20%



TABLE B-9. CONCRETE FROM FORMER I BUILDING (ICON SAMPLES) - (cont'd.)

PICO CURIE/GRAM c
SAMPLE
NO. Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

ICON-77 0.86b < 5.3 < 0.2 0.60 < 0.2
10% 23%

ICON-81 0.80b < 5.3 < 0.2 0.63 < 0.2
11X 19%

ICON-82 0.88b < 5.3 < 0.2 0.61 < 0.2
10% 20%

ICON-105 0.82b < 5.3 < 0.2 0.53 < 0.2
11% 22%

ICON-107 1.0b < 5.3 < 0.2 0.51 < 0.2
1% 22%

ICON-112 0.86b < 5.3 < 0.2 0.54 < 0.2
10% 21%

ICON-116 0.92b < 5.3 < 0.2 0.56 < 0.2
10% 20%

ICON-118 0.93b < 5.3 < 0.2 0.56 < 0.2
9% 21%

57% of counts in 186 keV peak assigned to 2 2 6Ra.

bBased on peaks from radon (222Rn) daughters, 2 14 Bi (609, 1120, or 1764 keV), and/or 2 14 Pb
(295 or 352 keV). It was assumed that Rn was at 75% equilibrium with its parent (Ra-226)
so the concentration of 2 2 6Ra was 1.33 times that of the radon daughters.

CThe less-than values which are listed give the minimum detectable concentrations. Errors
(at 95% confidence level) given in percent are errors due to counting statistics only.
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bin (see Fig. A-14). A soil sample was taken from the hot spot

before the contaminated soil was removed to compare in situ

readings with laboratory measurements.

Soil was removed from the area until the field instrument read-

ings were indistinguishable from background. A soil sample was

then taken from the hole (hot spot) for laboratory y analysis.

If the laboratory assay of the soil showed that the concentration

of any nuclide was above that typically found in background (see

Table B-7 for typical background concentrations in soil), addi-

tional soil was removed from the area and another sample was

taken. This iterative process was continued until the former hot

spot was "clean."

Figure A-14. Placing Contaminated Soil From Hot Spot Into

Shipping Bin
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The problem of efficiently separating contaminated soil from

clean soil was compounded when in situ radiation measurements in

a freshly excavated hole or any freshly disturbed soil indicated

the presence of contamination in an area which later proved to be

clean. The initial in situ measurement in such areas was some-

times two to three times greater than that measured outside the

hole or in a hole of similar depth which had been open for some

time. One reason for this is that more radon and thoron

(naturally occuring radioactive gases in soil) are retained

(diffusion is lower) under a thick layer of soil than at the soil

surface. Consequently, the concentration of these gases and

their radioactive daughters (decay products) are greater in a

freshly dug hole than at the soil surface. After the hole is

left open for some time, the in situ measurements in the hole

decreases to about the same level as that outside the hole. This

is due to the fact that the radon and thoron concentration at the

soil to air interface inside the hole decreases to about the same

concentration as that outside the hole. In addition to the

effects of radon and thoron and their daughters in freshly dis-

turbed soil, there is an additional effect which complicates

interpretation of in situ radiation measurements in excavated

areas, especially in "deep" holes. In a deep hole, the detector

is almost completely surrounded by soil so the in situ radiation

levels inside a clean hole will be greater than that from the

same soil distributed in a plane. Special care had to be taken

to avoid misinterpreting typical levels of naturally occuring

radionuclides as being contamination and vice versa.
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NBL-NJ APPROACH

PHASE II SOIL DECONTAMINATION

[CONTAMINATION FOUND WITH FIELD INSTRUMENTS

I t

REMOVE SOIL UNTIL NO CONTAMINATION RECORD X. Y. Z, COORDINATES

DETECTED WITH FIELD INSTRUMENTS AND INSTRUMENT READING

REMOVE ANOTHER FOOT OF SOIL I TAKE SOIL SAMPLE AND GAMMA ASSAY ,

FIELD

INSTRUMENT RECORD X Y , Z. COORDINATES

+ YES. READING NO -- AND INSTRUMENT READING

I \ HIGHER ?/

+ t
TAKE SOIL SAMPLE AND GAMMA ASSAY

RECORD X, Y. Z. COORIDNATES

AND INSTRUMENT READING

r ---- i. /
I TAKE SOIL SAMPLE AND GAMMA ASSAY / \
L____/----------------

ARE CRITERIA
DO PLUTONIUM ANALYSIS - - YES d 5 NO > -

/ARE CRITERIA\

F YES MET? N

Figure A-15. Flow Diagram of Procedure for Hot Spot Cleanup
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After the first few hot spots were removed, it was decided that

it was more efficient to initially remove more soil than was

indicated by the field instrument to try to eliminate the need to

return to the same spot several times. This practice was used

but it should be noted that most of the hot spots still required

multiple passes for cleanup (especially for plutonium). The flow

diagram in Figure A-15 further illustrates the soil decontamina-

tion process. The dashed line boxes in the flow diagram indicate

those steps which are not essential to the cleanup but are useful

for estimating the activity in the waste (a requirement of the

waste receiver), and for comparing in situ measurements with

laboratory measurements.

Each hot spot was given a sequential number with the prefix "HS"

(for hot spot) and its location in a X, Y, Z coordinate system

was recorded in a log book. The hot spot number and its co-

ordinates were also written on the container for each soil sample

taken from a hot spot area.

The before and after concentrations at each hot spot are summar-

ized in Table B-10. In the first column of the table, a sample

number such as HS2-1 indicates that this is the first sample

taken from Hot Spot No. 2 and HS2-4 indicates that this is the

fourth sample taken from Hot Spot No. 2. The last entry for each

hot spot (such as HS2-5) is the sample which was used to decide

that the former hot spot was "clean" and that no additional



TABLE B-10. RADIOACTIVITY CONCENTRATION AT HOT SPOTS

Gross Gross e
Sample Locationa In BetaPi co u r e/Gra

Number X,Y,Z CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241 Pu/239/238

HS1-1 279.5, 246.5, 0.5 1.5/5 1.7d < 17 < 0.6 11.7 < 0.5
(45%) (4%)

J1S1-4 279.5, 246.5, 0.9 1.5/20 48.1 335.3 2.6d < 17 < 0.6 86 < 0.5 0.26/0.09
(67%) (3%)

HS1-5 279.5, 246.5, 0.9 2.5/2.5 3.0 35.0 1.8d < 8 < 0.3 3.3 < 0.3 0.06/0.02
(14%) (10%)

HS2-1 272, 250, 0.5 1.5/2 13.0d < 12 1.0 908 < 0.4
(14%) (55%) (1%)

HS2-2 272, 250, 1.0 1.5/50 351 2348 3.5d < 12 < 0.4 261 < 0.4
(38%) (19%)

HS2-4 272, 250, 1.5 1.5/12 1.15 d < 7 < 0.2 3.37 < 0.2
(61%) (2%)

112-5 272, 250, 2.3 2.5/2.5 1.9c < 8 < 0.3 1.7 < 0.3 0.07/0.00
(29%) (12%)

IHS3-1 273, 243.5, 2.3 1.5/30 1.2 < 17 < 0.6 6.3 < 0.5 0.00/0.00
(34%) (13%)

HS3-2 273, 243.5, 2.0 1.5/1.5 0.8 72 1.9c < 17 < 0.6 3.4 < 0.5
(54%) (15%)

HS3-3 273, 243.5, 2.2 1.5/1.5 1.9c < 8 < 0.3 1.7 < 0.3
(29%) (12%)

HS4-1 205.7, 212.1, 0.3 1/1 0.8 33.7 2.1d <12 < 0.4 1.5 < 0.4 0.04/0.00
(14%) (18%)



TABLE B-10. RADIOACTIVITY CONCENTRATION AT HOT SPOTS - (cont'd.)

Locatina I b Gross Gross Pico Curie/Gram e

Sample Locationa In Situ Alpha Beta

Number X,Y,Z CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

HS5-1 330.3, 218.7, 0.5 1.5/3.8 12 207 10 53 3.7 3.0 < 0.5
(9%) (55%) (30%) (20%)

HS5-3 330.3, 218.7, 0.7 1.5/3.0 1.6 76.6 2.8 d 16 1.0 1.5 < 0.5
(19%) (91%) (25%) (30%)

HS5-5 330.3, 218.7, 1.0 1.5/1.5 0.8 72.0 1.3d < 12 0.4 1.6 < 0.4 0.00/0.00
(25%) (20%) (20%)

HSP6 187.5, 205, 0.5 1.5/7 5.9 700 270 32 < 0.5
(18%) (8.4%) (2%) (5%)

HS6-1 187.5, 205, 0.5 1.5/1.5 2 .1c < 8 < 0.3 1.3 < 0.3
(25%) (20%)

HS6-2 187.5, 205, 1.5 1.5/1.5 0.7 37.4 4.7 < 12 1.3 1.0 < 0.4 0.07/0.00
(50%) (25%) 25%

HSP-7 305.2, 173.9, 1.0 1/4 38.3 786 2.1 230 12 87 < 0.4
(50%) (22%) (20%) (3%)

HS7-1 305.2, 173.9, 1.0 1/1 0.8 44.9 2.1c < 12 < 0.4 1.6 < 0.4 0.08/0.00
(30%) (22%)

HSP-8 240, 170.2, 1.0 1/10 1660 3470 12d <260 3044 908 20
(33%) (41%) (0.7%) (0.5%) (45%)

HS8-3 240, 170.2, 2.0 1.5/1.5 10.6 67.4 1.8d < 0.6 27 8.6 < 0.5
(30%) (8%) (10%)

IIS8-5 240, 170.2, 3.5 1.5/1.5 1.8 67.4 2.1c < 8 < 0.3 1.2 < 0.3 0.00/0.00
(22%) (17%)



TABLE B-10. RADIOACTIVITY CONCENTRATION AT HOT SPOTS - (cont'd.)

Gross Gross e
Sample Location a b Gross Gross Pico Curie/Gram eSample Locationa In Situ Alpha Beta

Number X,Y,Z CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

HSP9 254.7, 156.3, 0.5 1/2.5

HS9-1 254.7, 157.3, 0.5 1/1 3.4 82.4 2.8d < 12 3.6 5.5 < 0.4
(14%) (15%) (11%)

HS9-2 254.7, 157.3, 0.8 1/1 1.8c < 12 < 0.4 1.2 < 0.4 0.00/0.00
(35%) (20%)

HSPO1 201, 155.7, 0.9 1/8 27 100 0.7d < 17 15.8 37 < 0.5
(84%) (10%) (4%)

HS10-1 201, 155.7, 0.9 1/1.5 0.4 50 2.8d < 12 < 0.4 1.7 < 0.4 5.02/0.22
(13%) (20%)

HS10-3 201, 155.7, 3.0 1/1.5 4.0d < 17 < 0.4 1.2 < 0.5 0.04/0.00
(17%) (45%)

TSP11 213.3, 185.8, 1.2 1/50 610d 18138 2109 3250 < 2.1
(4%) (5.3%) (2%) (1.2%)

HS11-1 213.3, 185.8, 1.8 1/15 4.8d < 24 84 84 < 2.1
(35%) (5%) (4%)

HS11-2 213.3, 185.8, 2.2 1/1 1.9c < 8 < 0.3 1.1 < 0.3 0.05/0.00
(25%) (22%)

HSP12 150, 258.1, 1.0 1/45 363d 2961 99 1102 20.3 1.1 ± 0.1
(3%) 9% 10% 1.6% 66%

The remainder of this table is in Appendix B
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excavation was necessary. Sample numbers which have the prefix

HSP (for Hot Spot Pipe) indicates that a sample was also taken

from the leaky pipe at the hot spot location. For example, HSP6

is the sludge sample taken from the sanitary sewer pipe at Hot

Spot No. 6.

The second column in the table gives the X,Y,Z coordinates of the

sample location. The lengths of all coordinates are in feet.

The origin of the X,Y coordinates is at the sites northwest fence

post. This post is 20.5 feet south of the northwest property

corner and is on the west side property line (see Fig. A-16).

The Z distance (as given in the table) is not referenced to a

common origin but is simply the depth below the surrounding earth

surface. The Z distance is understood to be negative.

Approximately 2500 ft3 (31 bins) of contaminated soil were

removed from hot spot areas.

The locations of all of the hot spots found and removed during

Phase IIB are shown in Figure A-16. A pictogram of the relative

activity concentration at the hot spots before cleanup is shown

in Figure A-17. The concentration shown are the sum of the

concentrations of 22 6Ra, 238 u, 23 5U, and 2 32Th.

The procedures used for analyses of soil from hot spot areas is

described in Appendix F.
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NBL-NJ SITE

RELATIVE ACTIVITY CONCENTRATION OF HOT SPOTS
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Sewer Lines

Because it was inefficient to determine which portions of the

sewer lines in the I pad area were uncontaminated, all of the

pipes from that area were considered to be contaminated above the

release criteria and were placed directly into radioactive-waste

shipping bins for disposal at the NTS in Mercury, Nevada.

Approximately 2350 ft of Duriron pipe, reinforced concrete pipe,

and clay tile pipe (2 to 12-in diameter) were removed from the

former I Building area and disposed of as radioactive waste in 15

bins (1200 ft3 ).

The two sewer lines which ran along the east fence of the property

(see Fig.A-18) were disposed of in the local landfill because

they could be broken open for complete surveys and were found

uncontaminated. One of the lines (sanitary sewer) was 6-inch

vitrous clay tile from the former A Building Hot Cell Facility

(which was never used). The other line was a storm drain made of

15-inch reinforced concrete pipe. There was 420 ft of the 6-inch

pipe and 540 ft of the 15-inch pipe.

After the pipes (contaminated and clean) were excavated, a

composite soil sample was taken from the trench (in approximately

30-ft sections). The trench was surveyed before the sample was

taken to assure that there were no hot spots that were initially

hidden by the pipe. If no contamination was detected, the sample
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was collected and given a number with the prefix "TS" (for trench

sample). Each sample's location in an X,Y,Z coordinate system

was documented in a logbook and also written on the sample

container. The results of trench sample analyses are given in

Table B-11. The concentrations found are within the criteria.

The location of each trench and trench samples are shown in

Figures A-19 and A-20.

In Table B-11, the second column gives the locations of the two

ends of the line along which a sample was collected. For example,

sample TS-1 was collected along the line which has one end located

at X,Y coordinate 240,150 and has the other end at X,Y coordinate

240,180. The coordinate pair tells that the line (the trench) is

parallel to the Y axis (because both X coordinates are the same).

The difference between the Y coordinate (180-150) shows that the

length of the line for sample TS-1 was 30 ft.

A total of approximately 3300 ft of sewer lines (contaminated and

clean) were removed from the site. The locations of most of the

lines agreed with as-built drawings. However, a few sections of

cast iron pipe (not shown on the drawings) were found under

former I Building floor but were not connected to the rest of the

system and, therefore, believed to have been abandoned during

building renovation. All of the drain lines on the site were

removed.



TABLE B-11. TRENCH SAMPLES - COMPOSITES

LOCATIONa GROSS GROSS c
SAMPLE X,Y IN SITUb ALPHA BETA PICO CURIE/RAM
NO. (FEET) CPH xE3 CPM CPH Ra-226 U-238 U-235 Th-232 Am-241

TS-1 240, 150 1.0/2.0 1.7 31.0 1.8 < 8.3 < 0.3 1.2 < 0.3
240, 180 (11%) (15%)

TS-2 228.7, 150 1.0/2.0 0.4 31.1 2.8 < 8.3 < 0.3 1.8 < 0.3
228.7, 180.7 (8%) (12%)

TS-3 266.5, 150 1.0/2.0 1.1 34.0 2.7 < 8.3 < 0.3 1.6 < 0.3
266.5, 180.7 (9%) (15%)

TS-4 276, 150 1.0/1.5 1.7 40.6 1.4 < 8.3 1.5 1.4 < 0.3
276, 180.7 (18%) (17%) (13%)

TS-5 254.9, 150 1.0/2.0 1.7 41.0 2.2 < 11.8 0.6 1.7 < 0.4
254.9, 180.7 (14%) (50%) (18%)

TS-6 212.6, 150 1.0/2.0 3.0 44.5 3.6 < 11.8 < 0.4 1.9 < 0.4
212.6, 180.7 (10%) (18%)

TS-7 200.4, 150 1.0/2.0 2.0 38.7 3.7 < 8.3 < 0.3 1.7 < 0.3
200.4, 180.7 (7%) (14%)

TS-8 184.6, 150 1.0/2.0 2.8 < 11.8 < 0.4 1.9 < 0.4
184.6, 180.7 (13%) (15%)

The remainder of this table is in Appendix B.



NBL-NJ SITE
LOCATION OF REMOVED SEWER LNES AND HOT SPOTS AT BUILD1NG I

20 90 100 110 120 130 140 150 160 170 180 190 200 210 220 2 30 240 250 220 270 280 29 0 300 310 320 330 340 350

280-. . . ., .I . I .I I -1t I * I , I ' I , I , I I I L280

-0 DESCRIPTIVE NORTH
270- -270

260- -- - --- -" -i_- - -260

250- 
-250

240- -240

230- 
t9 -230

--

220- 1 1 ,,1 -220

210- ®-21
0 w

200-I 1.. 4 '1 200

190- Mat at>7 O __ |T -190

180- 
-1

,80- '"* " s;---
a l f ---- ^ ------ \ ----- ' --- ---- ------ -"--T -- -b~ ----- --- ------ ------ -1 50

1
4 0

o- 90D 1 -140

130- O -130

120- FE-120

80 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350

X DISTANCE IN FEET

Figure A-19. Trench Samples Under Building I Pad



NBL-NJ SITE
LOCATION OF COMPOSITE TRENCH SAMPLES

-30 0 30 60 g90 120 150 180 210 240 270 300 330 360 390 420 450 480 510 540 570 600

T -. l'l -- 'wnmrK~ - 450
450- - -

"420-- "";,a 'ST B-, -- J . -420
420 -1i * 0-,! rs b,. . -

n
f

TF .^390..'''* w t l >
-. I-.- '["<w.._j - -%- 390

360 ^ \." tl t Q - 360

Ii..

I 3 -300

300 r

m ,o<M<.<»*» .ofru«-»isr-C, L t. m M , -- ~ 270

270- El r |..7Yi - '' -240 -

240- M | 4/ :"

240- -1 -0

210- m " -21

180 - <> . .180- > - ------ - 1-0

150- | _________ io_ / -0
1 15 --o *i' l)O<i'' T'' ---- -- 10

120- L I;-'r t' \/' 0- \ \ -- CATMICN,^-/ I

90 -- 9

90-G ~ ~ igr A-0 Lcto o Tec S

60- J *0

~ m -30

30_ -- 2~l _ -

,- - - - IIOUND~

X DISTANCE IN FEET

I ) " I . . II I I I I 
I

-n 0a 30 60 90 120 150 180 210 240 270 300 330 3860 390 420 450 480 510 540 570 600

Figure A-20. Location of Trench Samples



64

The sanitary drains were removed up to the city main and the

inlet to the main was sealed by a licensed plumber (see Figs.

A-21 and A-22). The seal was examined and approved by a city

inspector. The storm sewer lines were removed up to the catch-

basins outside the fence and the inlet to the basins was

similarly sealed and inspected.

Problems at the Railroad Spur

Part of the plan for Phase IIB was to move the pitchblende con-

taminated soil along the east side of the former I Building to

the rear of the site. The pitchblende contaminated soil was

supposedly used to fill in a railroad spur along the dock of the

building. The railroad tracks were found at about 4 ft below the

ground surface. However, no contamination was found in the fill

above the tracks. A few hot spots of contamination were found at

and below the level of the tracks but this contamination was not

pitchblende. The largest area of contamination was found at hot

spot No. 33 (see Figs. A-16 and A-17) between the tracks and

about 20 ft north of the former location of an incinerator. The

contaminated material, which filled 14 bins (1120 ft3) appeared

to be associated with incinerator ash. There were miscellaneous

pieces of laboratory glassware but none of them were contami-

nated. The ash-like material was covered with white sand.

The tracks, wooden ties, and the storm drains from that area were
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Figure A-21. Removal of Sewer Lines Up To City Main

Figre 2.V Preara ion kfea Inle.!tJto .CtSw Ma

Figure A-22. Preparation of Seal Inlet to City Sewer Main
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removed and surveyed. A portion of the storm drain which parall-

eled the tracks was found to be laid directly on top of a concrete

gutter. This gutter no doubt originally served as a means of

draining storm water from the track bed during the period when

the railroad siding was in use. The uncontaminated tracks and

ties were released for salvage and scrap and the contaminated

ties were cut up and containerized into two radioactive waste

shipping bins (160 ft3 ).

The volume of waste from the railroad spur area accounted for

about 35% of the total waste volume removed during Phase IIB of

the project.

After the tracks and ties were removed, an attempt was made to

remove the remaining contamination in the hot spot areas.

However, the water table was apparently just below the railroad

bed and the entire area became a soupy pond of mud (see Figs.

A-23 and A-24). The contamination that was initially confined

primarily to six hot spots, began to spread throughout the mud.

It was decided to scrape the mud from the entire area down to

virgin shale (about a foot below the original level of the track

bed) and pile it adjacent to the pitchblende contaminated soil at

the rear of the site (see Figs. A-25 and A-26). The volume of

the mud pile (about 12,000 ft3) is a small fraction of the volume

of the pitchblende contaminated soil in the untouched rear por-

tion of the railroad spur. (That portion of the spur is known to

definitely contain pitchblende contaminated soil.) A few large
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Figure A-23. First Sign of Water in Railroad Spur Area
(Building I dock on left)

- - , M
½'":"- ." --

Figure A-24. Mud in Railroad Spur Area
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Figure A-25. Forming Contaminated Mud Pile at Rear of Site
(Adjacent to Untouched Portion of Pitchblende
Contaminated Soil)
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pieces of excavated concrete and the concrete guttering were

placed at the base of the pile to prevent the mud from sliding

back into the decontaminated area.

The activity concentration in the mud pile has not been well

defined. It is estimated to be 30 to 90 pCi of U-238 per gram of

soil. This is less than the U-238 concentration in the pitch-

blende contaminated soil at the rear of the site.

After the storm drains were removed, the excavated area along the

former I Building dock filled very quickly with water (see Figure

A-27) which appeared to be coming primarily from under and around

the mud pile. There was concern then that removal of the storm

drains might cause a permanent water problem after the area was

backfilled. There was also some question as to whether the pile

might erode and redistribute contamination and whether the water

which passes through the pile might contaminate the groundwater.

Decisions About Mud Pile and Water Problem

The mud pile and the potential water problem were discussed with

DOE-CH and SFMP. The options for dealing with the mud pile were:

Package and ship the entire pile for burial.

Stabilize the pile in place.
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Figure A-27. Building I Railroad Dock Area Filled With Water

It was decided feasible to stabilize the pile in place and that

additional monitoring wells (D', K, L, and M) would be placed

around the pile to check for potential migration.

It was also decided that a hydrologist should be consulted as to

whether there might be a permanent water problem in the former

railroad dock area after it was backfilled.

An ANL hydrologist (S. Y. Tsai) was consulted and was provided

with monitoring well water elevation data collected from

September 1981 to November 1983. The opinion of the hydrologist
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was that the water elevation in the excavated area was not sig-

nificantly different from the elevations prior to excavation and

that there would not be a problem after backfilling. The report

of the hydrologist is included in Appendix D.

Waste Generation

An estimate of the quantity of different kinds of material (both

contaminated and clean) generated in Phase IIB is summarized in

Table B-12. Overall, 33,000 ft3 of below criteria waste and

salvage were produced and 48 bins (3860 ft3 ) containing an

estimated 16.7 mCi of radioactivity were shipped offsite. A

summary of the radioactive contents of those containers is listed

in Table B-13.

Certification Area

For Phase IIB of the project, the portion of the site which was

certified to satisfy the release criteria is bounded by the east,

west and north fences and by a line parallel to and 345 ft south

of the north fence (see Fig. A-16).

Certification Samples

After all areas were considered "clean," additional soil samples

were taken for use as the official samples for site certifi-

cation. These samples were used to demonstrate that the radio-
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TABLE B-12. QUANTITY OF MATERIAL REMOVED DURING PHASE IIB

Truck Volume Weight
Item Loads Bins (ft3 ) (Pounds) Disposition

Contaminated Material
All non-TRU Low Specific Activity (LSA)

Soil 5 31 2,500 215,000 Nevada Test Site

2350 ft of pipe 2+ 15 1,200 90,000 Nevada Test Site
from I pad area

Railroad ties 2 160 8,300 Nevada Test Site

TOTALS 8 48 3,860 313,300

Clean Material

960 ft of pipe 1 - 400 Landfill
from east fence
line

Railroad ties 1 - 400 Salvage

and rails

Concrete 80 - 32,400 Landfill

Fuel oil 1 - 800 Gal. Salvage

Fuel tanks 2 - 400 Scrap

TOTALS 85 - 33,600+

nuclide concentration in all areas of the site, not just high

suspect areas such as pipe trenches and former hot spots, satisfy

the release criteria.
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TABLE B-13. ESTIMATED QUANTITY OF RADIOACTIVITY
REMOVED FROM NBL-NJ AND SHIPPED TO
THE NEVADA TEST SITE DURING PHASE IIB

Radionuclide Activity (pCi)

241Am 8

238U 6,780

234U 6,780

235U 188

232Th 1,210
2 2 8Ac 1,210

226Ra 520

TOTAL 16,696

While it is true that some certification samples may be redundant

to those collected (and analyzed) during the cleanup, it is

preferred to collect (and analyze) separate samples for certifi-

cation after all cleanup is completed. The principal reason for

this is that if a cleaned area became recontaminated during the

D&D, it could otherwise go undetected. The certification process

is time consuming and expensive but there is currently no con-

vincing alternative.

An attempt was made to keep excavated areas open until after all

certification sampling were completed but in some cases this was

not safe or practical.
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The State (NJ-DEP) suggested that certification samples over the

former I pad be collected on a 10 ft x 10 ft grid and that samples

within a 30 ft x 30 ft grid would be composited. It was also

agreed that the grid size for sample collection and compositing

over other areas of the site could be larger than that used for

the I pad area (see Fig. A-28 for relative grid sizes).

Certification soil samples were collected in mid December 1983.

Two samples were collected at each sampling location, one for ANL

and one for the State. Both samples were given the same number

beginning with the prefix "CER" (for certification). The X,Y,Z

coordinates of each sample were recorded in a logbook and were

also written on the sample bag.

When samples were collected, a reading was taken at each location

with a collimated 2 mm by 50 mm NaI(Ta) detector connected to a

Ludlum L2220 analyzer/rate meter (detector held approximately

50 mm from the earth's surface).

Each composite sample was given a number beginning with the

prefix "CS" (for composite sample). The number of each composite

is keyed to the numbers of the individual samples which make up

the composite. A composite sample may contain from 1 to 13

certification samples. The X,Y,Z coordinates of each certifi-

cation sample and the corresponding composite sample are listed

in Table B-14 and the area of the site from which each composite

was prepared is shown in Figure A-28. The Z coordinate is the
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TABLE B-14. GROUPING OF CERTIFICATION SAMPLES USED
TO MAKE COMPOSITE CERTIFICATION SAMPLES

Composite Individualc Location
Sample Samples in X,Y,Z In Situ
Number Composite (feet) CPM

CS-1 CER100-1 315, 255, 0 1717
CER101-1 315, 245, 0 1576
CER102-1 315, 235 Under water
CER120-1 305, 245, 0 2176
CER121-1 305, 255, 0 1492
CER122-1 295, 255, 0 1647
CER123-1 295, 245, 0 1692
CER431-1 315, 260, 0

CS-2 CER103-3 315, 225, Under water
CER104-2 315, 215, 0 2033
CER117-2 305, 215, 0 1642
CER118-2 305, 225, 0 1734
CER119-2 305, 235, 0 1873
CER124-2 295, 235, 0 1577
CER125-2 295, 225, 0 1749
CER126-2 295, 215, 0 1716

CS-3 CER105-3 315, 205, 0 1683
CER106-3 315, 195, 0 1641
CER107-3 315, 185, 0 1853
CER114-3 305, 185, 0 1796
CER115-3 305, 195, 0 1823
CER116-3 305, 205, 0 1807
CER127-3 295, 205, 0 1768
CER128-3 295, 195, 0 1883
CER129-3 295, 185, 0 1792

CS-4 T600-4 305, 180, 2 2012
T601-4 295, 180, 2 2164
CER108-4 315, 175, 0 1502
CER109-4 315, 165, 0 1816
CER110-4 315, 155, 0 1968
CER111-4 305, 155, 0 2064
CER112-4 305, 165, 0 2009
CER113-4 305, 175, 0 1854
CER130-4 295, 175, 0 1961
CER131-4 295, 165, 0 1982
CER132-4 295, 155, 0 1865

The remainder of this table is in Appendix B.
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depth or height at which the sample was collected relative to the

surrounding grade. All Z coordinates are understood to be nega-

tive (for a hole) unless the number is preceeded by a positive

sign. The positive sign indicates that the sample was collected

from a hill of excavated soil. For example, a Z of +6 means that

the sample was collected from a hill of soil that was 6 ft above

the surrounding grade of the site.

The question of whether it is better to collect a certification

sample from a pile of excavated soil versus the area under the

pile (after backfilling), or doing both, is controversial. In

this project, it was considered preferable to collect certifi-

cation samples before backfilling.

After the samples were collected, equal amounts (grams) of cer-

tification samples in a composite group were combined to make a

2000 gram composite sample. For example, if 10 samples were

composited, 200 grams (2000/10 = 200) were taken from each sample

bag. The 2000 grams of composite sample were heated at 80°C

until dry (took about 48 hours) and milled in a ceramic jar with

Burundum cylinders. After drying and milling, the composite was

sieved through a 600 micrometer screen; 100 grams of sample were

placed in an 8-oz polyethylene bottle for gamma spectroscopy and

5 grams were removed for gross alpha counting and for alpha

spectroscopy.
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The results of the analyses for the certification composite

samples are listed in Table B-15. The concentrations of all

radionuclides are within the range of normal background (see

Table B-7 for typical background concentrations) for all

composites except sample numbers CS-38, CS-39, CS-40, and CS-41.

The concentration of 238U in composite number CS-38, and of 239 pu

in the other three composites were well below the criteria (see

Table B-6) but it was greater than that found in the natural

environment.

Individual samples which made up the composites in question were

analyzed for plutonium to determine whether an individual sample

might have a Pu-239 concentration which was many times greater

than that found in a composite. The results are given in Table

B-16. One sample (T423-40) did have a Pu-239 concentration which

was more than double the concentration in the composite. This

concentration is still below the criteria (see Table B-6).

Offsite soil samples were taken at the locations shown in Figure

A-29. The results of the analyses for these samples are given in

Table B-17.

Backfilling and Site Restoration

After collection of certification samples was completed, most of

the excavations were- backfilled. However, it was decided to



TABLE B-15. CERTIFICATION COMPOSITE SAMPLES

LOCATIONa GROSS GROSS h
SAMPLE X,Y ALPHA BETACURIE/GR
NO. (FEET) CPM CPM Ra-226g U-238 U-235 Th-232 Am-241 Pu-239/238

CS-1 310, 255 0.54 39.8 2.0 < 8.3 < 0.3 1.8 1.8 0.35/0.02
(10%) (15%)

CS-2 310, 225 0.58 34.8 1.7 < 6.8 < 0.2 1.7 < 0.2 0.09/0.02
(7%) (10%)

CS-3 310, 195 0.18 49.6 1.9 < 8.3 < 0.3 1.7 < 0.3 0.09/0.00
(10%) (10%)

CS-4 310, 165 0.38 59.2 2.1 < 8.3 < 0.3 1.7 < 0.3 0.04/0.02
(10%) (15%)

CS-5 280, 255 1.78 55.4 2.4 < 6.8 < 0.2 1.7 < 0.2 0.09/0.01
(6%) (10%)

CS-6 280, 225 0.38 45.4 1.7 < 8.3 < 0.3 1.8 < 0.3 0.08/0.02
(10%) (14%)

CS-7 280, 195 1.28 47.6 1.9 < 5.9 < 0.2 1.6 < 0.2 0.06/0.01
(7%) (12%)

CS-8 280, 165 0.88 48.8 1.9 < 8.3 < 0.3 1.6 < 0.3 0.14/0.03
(10%) (16%)

CS-9 250, 255 0.88 53.0 1.9 < 5.3 < 0.2 1.7 < 0.2 0.01/0.00
(6%) (9%)

The remainder of this table is in Appendix B.



TABLE B-16. RADIOACTIVITY CONCENTRATION IN INDIVIDUAL CERTIFICATION SAMPLES FOR SELECTED COMPOSITES

Composite Certification Location Gross Gross
Sample Sample X,Y,Z Alpha Beta Pico Curie/Gram c
Number Number (feet) CPM CPM Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

CS-40 330, 220 1.92 58.2 2.0 < 6.8 < 0.3 1.5 1.9 7.57/0.32
(8%) (14%) (17%)

T376-40 342, 210, 2 2.24/0.08

T421-40 342, 240, 2 7.47/0.25

T422-40 342, 235, 2 4.31/0.18

T423-40 342, 225, 2 18.48/0.78

T424-40 342, 205, 2 9.37/0.45

T436-40 342, 215, 2 10.18/0.44

T380-40 320, 175, 4

T381-40 320, 230, 4

T382-40 320, 240, 4



TABLE B-16. RADIOACTIVITY CONCENTRATION IN INDIVIDUAL CERTIFICATION SAMPLES FOR SELECTED COMPOSITES - (cont'd.)

Composite Certification Location Gross Gross Pico Curie/Gram c
Pico Curie/Gram c

Sample Sample X,Y,Z Alpha Beta
Number Number (feet) CPM CPM Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

CS-39 330, 175 1.88 58.4 2.2 < 8.3 < 0.3 1.8 0.64 2.09/0.09
(9%) (15%)

T374-39 342, 160, 4

T375-39 342, 190, 2

T379-39 320, '175, 3

T425-39 342, 183, 2

T426-39 342, 175, 2

CS-41 330, 255 1.72 61.8 2.2 < 8.3 < 0.3 1.7 0.52 0.91/0.03

T377-41 342, 245, 2 0.54/0.01

T378-41 342, 260, 2 0.52/0.00

T420-41 342, 250, 2 0.62/0.05

CER430-41 325, 260, 0 0.55/0.00



NBL-NJ OFFSITE SOIL SAMPLES - 1983

AIRPORT RD. \ /FORMER NEW BRUNSWICK
s LABORATORY SITE
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/
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RESIDENTIAL STREETS OMITTED FOR CLARITY

Figure A-29. Offsite Soil Samples



TABLE B-17. OFFSITE SOIL SAMPLES

- --- ~~Sample ~Pico Curie/Gram cSample
Number Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

Offsite-1 1.4b < 5.3 < 0.2 0.96 < 0.2 0.03/0.00
(7%) (14%)

Offsite-2 2.1a < 5.3 < 0.2 1.5 < 0.2 0.07/0.00
(27%) (11%)

Offsite-3 1.6a < 5.3 < 0.2 1.4 < 0.2 0.00/0.00
(33%) (16%)

Offsite-4 2.2a < 5.3 < 0.2 1.8 < 0.2 0.05/0.00
(19%) (9.4%)

0o

57% of counts in 186 keV peak assigned to 226Ra.

bBased on peaks from radon (222Rn) daughters, 214Bi (609, 1120, or 1764 keV), and/or 214Pb (295 or
352 keV). It was assumed that Rn was at 75% equilibrium with its parent (Ra-226) so the
concentration of 226Ra was 1.33 times that of the radon daughters.

CThe less-than values which are listed gives the minimum detectable concentrations. Errors (at 95%
confidence level) given in percent are errors due to counting statistics only.
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leave the former railroad dock area open until early spring of

1984 to observe the behavior of the water infiltration coming

from under the mud pile. During that period, the level of the

water (in the pond which formed) remained fairly constant and did

not exceed the limits imposed by the surrounding earth except

when rainfall was quite heavy (see Fig. A-30). At those times,

the pond would exceed its boundaries and cover a portion of the

site with several inches of water. Also on several occasions,

water was seen flowing offsite onto Jersey Avenue but these

occurrences were during periods of flood-like conditions

throughout the entire New Brunswick area.

Based on the advice of the hydrologist and on observations made

over the winter months, it was decided that the storm sewer in

the vicinity of the old railroad spur need not be replaced.

Therefore, in March 1984, the dock area excavation was pumped out

and backfilled as was the subsidence in the other areas around

the site (see Figs. A-31 and A-32). The activity concentration in

the water pumped from the dock area was within the range of that

found in the natural environment. Between April and June 1984,

the decontaminated portion of the site was contoured, covered

with top soil and seeded with crown vetch and tall fescue. The

mud pile area was covered with several feet of clean fill before

covering with top soil and was also seeded with crown vetch and

tall fescue (see Fig. A-33).
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Figure A-30. "Pond" in Former Railroad Dock Area

Figure A-31. Pumping Out Railroad Dock Area Before Backfilling
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Figure A-32. Backfilling Railroad Dock Area

Figure A-33. Mud Pile Covered With Soil and Seeded
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Prior to seeding, the site was prepared with lime and fertilizer.

The seeds were hydro-sown at a rate of 20 pounds of crown vetch

and 20 pounds of tall fescue seed per acre. The entire seeded

area was covered with a mulch of chopped straw. The crown vetch

was selected (on advice of the county agricultural agent) to

reduce erosion and to reduce the cost for maintenance.

Additional Monitoring Wells

Four additional monitoring wells were added in May 1984 (see Fig.

A-34). The location of the added wells D', K, L, and M are shown

in Figure A-26. Results of the first samples from these new

wells as well as the results for samples taken from the old wells

at the same time are listed in Table C-4 of Appendix C. Except

for well L, the activity concentrations in the old and new wells

are within the range of concentrations found in offsite wells in

the New Brunswick area.

The total alpha activity concentration in well L (on 6/28/84) was

more than 100 times greater than in other wells around it.

Well L is directly in the pitchblende contaminated soil so the

high activity concentration might be expected. However, the

screened section of the well (see Table C-2) was assumed to be

well below the contaminated soil layer so there is evidently some

downward migration of contamination. This well will be watched

closely.
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F r1I nt i

Figure A-34. Installing Monitoring Wells

Figure A-34. Installing Monitoring Wells
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Certification Survey

A final (direct instrument) certification survey for external

gamma radiation of the site was accomplished in June 1984 by

members of the ANL staff who were not directly associated with

the D&D. The principal instruments used for this survey were:

A 2 mm x 50 mm NaI(TA) detector with a single channel

analyzer/ratemeter (Eberline PG-2 with PRM-5-3 electronics).

The analyzer was used in the gross mode with the threshold

set at 17 keV.

A micro R meter (Eberline PRM-7) with 25 mm x 25 mm NaI(Ta)

detector.

The procedures used for the certification survey are given in

Appendix G.

The results of the certification survey are given in Figures A-35

through A-40. In those figures, the two numbers at each grid

intersection are the measurements found at that location on the

site. The number above and to the left of the intersection lines

is the count rate in thousands measured with a 2 mm x 50 mm

NaI(TA) detector and a analyzer/rate meter (Eberline PG-2 detector

and Eberline PRM-5-3 analyzer/rate meter) when the detector was

at the earth's surface. The second number below and to the right

of the grid intersection is the exposure rate in micro R/h
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measured with a micro R meter (Eberline PRM-7). The shaded areas

in Figure A-35 indicate the parking area and the concrete pad of

the former J Building.

Except for one spot, all of the measurements made in the certifi-

cation area were within the normal range of background radiation

for the New Brunswick, New Jersey area. The exception was found

along the west fence at coordinate X=308, Y=0. The count rate at

that spot [using a 2 mm by 50 mm NaI(T2) detector with Eberline

PRM-5-3 analyzer/rate meter} was approximately 10,000 counts per

minute above a 2,000 counts per minute background. The spot

(designated hot spot number 60) straddled the fence line, con-

tamination being onsite and offsite. The count rate did not

decrease as surface soil was removed (a hole of similar size was

dug in a clean area for comparison measurements). This implies

that the contamination is not just at the surface. Samples of

the surface soil (down to 0.5 feet depth) were taken and analyzed.

The results listed in Table B-20 shows that there is radium

contamination in excess of the cleanup criteria.

The small sampling hole was refilled with soil and the area left

to be dealt with later.

To compare the onsite measurements with that found offsite, a

certification type survey was done offsite just as it was done

onsite. Permission was obtained to grid and survey a section of

lawn at the Livingston Park Elementary School at the intersection
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TABLE B-20. SAMPLE FROM HOT SPOT DISCOVERED DURING
CERTIFICATION SURVEY

PICO CURIE/GRAMa

Sample Location Ra-226 U-238 U-235 Th-232 Am-241 Pu-239
No. X,Y,Z 238

HS-60 308, 0, 0.5 55.8 b 12.5 < 0.04 1.8 < 0.19 0.04/0.00
1% 70% ,13%

aThe less-than values which are listed give the minimum detectable
concentrations. (See Appendix F for discussion of minimum detectable
concentrations.) Errors (at 95% confidence level) given in percent are due to
counting statistics only.

bBased on peaks from radon (222Rn) daughters 2 14Bi (609, 1120, or 1764 keV),
and/or 214Pb (295 or 352 keV). It was assumed that 222Rn was at 50%
equilibrium with its parent (Ra-226) so the concentration of 226Ra was twice
that of the radon daughters.

of Livingston and Ridgeway Avenues in North Brunswick, New Jersey.

The results of that survey are given in Figure A-41.

The offsite measurements are essentially the same as the onsite

measurements (excluding hot spot number 60).

Documentation

In addition to the information provided in this report, pro-

cedures, measurements, instrument calibrations, photographs, and
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written commentary were documented such that decisions made and

actions taken during the D&D could be retraced at any time. Soil

and concrete samples have been archived for possible future

reference. A project data package of raw data, log books, photo-

graphs, etc. will be retained for at least 10 years.

Many of the procedures used in Phase IIB, such as for instrument

calibration, waste packaging, etc., were the same as those used

in Phase IIA and were already documented. Some internal documents

which were prepared specifically for Phase IIB of the D&D are:

NBL-NJ 1983 D&D Health Physics Procedures June 1983 (10
pages).

Documentation of I Building Pipe Removal and Labeling of
Samples Taken from Pipe Trenches NBL-NJ D&D 1983, August 3,
1983 (3 pages).

Documentation of Contaminated Pipe and Soil. NBL-NJ D&D
1983, August 3, 1983 (3 pages).

Documentation of Readings and Samples from General "Clean"
Areas. NBL-NJ D&D 1983, August 3, 1983 (1 page).

Total Cost

Phase IIB of the project was completed over a period of 13 months

at a total cost of approximately 1.1 million dollars. Of this

amount, $55,000 was for the packaging, shipping and disposal of

the radioactive waste. Details of the cost are given in Table

B-4 and Figure A-48.
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Radiation to Workers and Public

The external radiation exposure received by workers and the

offsite public is considered to be essentially zero. Environ-

mental thermoluminescent dosimeters (calcium fluoride TLD) which

were placed around the site for approximately 11 months, showed

no significant difference from natural background. The TLD data

is given in Table B-18.

Air samples were taken onsite and offsite (on Delco property east

of the site) to assess the potential for internal exposure to

workers and the public. None of the onsite or offsite air samples

showed radionuclide concentrations above that usually found in

TABLE B-18. RADIATION EXPOSURE ON NBL-NJ SITE DURING PHASE IIB D&D

Total Exposure
Dosimeter Exposure Rate
Number Location mR* mR/year

TLD-I Guard Shack 51.18 66

TLD-2 Shop Trailer Not Recovered

TLD-3 Well A 61.58 80

TLD-4 East Fence (Delco Side) 67.66 88

TLD-5 Pin Oak Near Mud Pile 74.82 97

TLD-6 Bulletin Board in Lab Trailer 43.07 56

*All dosimeters were left in the field for 281 days (0.77 year).
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the natural environment. The activity concentrations in air were

determined by directly counting the collection media for gross

alpha and beta activity. However, radiochemistry was done on a

few samples so that the concentration of individual radionuclides

could be measured by alpha spectroscopy (the chemically separated

strontium activity was measured by beta counting). The results

of those air samples which were analyzed for individual radio-

nuclide concentrations are given in Table B-19.

Because the activity measured on autdoor air samples is primarily

due to resuspended surface soil (except during fallout), it is

not unusual to measure large differences in the activity concen-

tration. However, it is not clear why the 90Sr concentrations

(see Table B-19) vary more than the other radionuclides. Similar

results were found during Phase IIA of the D&D in 1982. To put

the listed concentration values in perspective, the airborne

activity concentration guides for uncontrolled areas are included

in Table B-19. The measured concentrations are several orders of

magnitude less than the guide values.

Bioassay samples were taken from workers to measure their in-

ternal burden of radionuclides. No difference was found between

samples taken before the D&D was begun and after its completion.

Bioassay records of workers are maintained at ANL.



TABLE B-19. ONSITE AND OFFSITE AIR SAMPLES

Sample Location Offsite Onsite Offsite
(Delco) (North) (Delco)

Sample Number ADEL-1 ANBL-2 ADEL-2

Sample Dates 6/17/83-7/7/83 7/7/83-7/25/83 7/7/83-8/1/83

Total Volume (m3) 14,562 11,273 17,904
Concentration Guiges forResidue (g) 0.523 0.578 0.967 Uncontrolled Area

Concentrations in pCi x 10 6/m3 of Air

Co

Strontium-90 206 ±80 57 ±30 228 ±134 30,000,000
Thorium-228 37.5± 2.9 51.9± 4.4 52.7± 2.7 200,000
Thorium-230 29.1± 2.4 40.0± 3.8 50.0± 2.6 80,000
Thorium-232 34.3± 2.5 47.7± 3.9 52.6± 2.6 1,000,000
Uranium-234 34.5± 2.3 41.9± 2.9 56.6± 3.3 4,000,000
Uranium-235 0.6± 0.9 0.3± 1.1 0.5± 1.0 4,000,000
Uranium-238 34.3± 2.3 39.1± 2.7 51.8± 3.3 5,000,000
Plutonium-238 <0.1 <0.1 <0.1 70,000,000
Plutonium-239 6.9± 0.8 6.5± 1.0 31.2± 1.4 60,000,000
Americium-241 <1.0 1.2± 3.0 <1.0 4,000,000

aFrom DOE 5480.1A, August 13, 1981, "Environmental Protection, Safety, and Health Protection Standards".
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Key onsite personnel were examined in a radioactivity whole body

counter. Measurements taken before and after their D&D work were

unchanged.

Blank Spaces in Assay Data Tables

During Phase IIB of the D&D, over 300 soil samples were assayed

to determine their radionuclide concentrations. All of the

samples were analyzed for 226Ra, 238U, 235 U, 232Th, and 241Am by

gamma-ray spectroscopy. Over 40% of the samples were analyzed

for plutonium by alpha spectroscopy. Gross alpha and gross beta

measurements were made on over 60% of the samples. Over 50% of

the samples which were analyzed were also measured in situ. Over

2500 assay measurements are given in the assay data tables in

this report.

There are a number of blank spaces in the assay data tables. The

reason for most of the blank sapces is that the types of measure-

ments done on each sample were based on whether the measurements

were necessary to make a decision or whether they were needed to

demonstrate that the cleanup objectives were satisfied. In all

cases, the blank spaces are there because'the measurements were

not made. There was no "selection" of data. In most cases,

measurements were not made because it was judged that additional

information was not required. For example, there are blanks in

the plutonium data because the procedure for cleanup of hot spots
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(see flow diagram in Figure A-15) called for analysis of plutonium

only after gamma analysis showed that all other radionuclides of

interest satisfied the criteria. There are blanks in the gross

alpha and gross beta data because sufficient data had already

been collected to demonstrate unacceptable sensitivity at near

background concentrations of the radionuclides of interest.

Additional gross alpha and gross beta measurements were taken

only if time permitted. There are a few blanks in the in situ

data because, due to human error, the measurements were made but

were not recorded.

The blank spaces in the assay data tables have no impact on the

decisions made during the D&D or on the conclusions about Phase

IIB.

Conclusions About Phase IIB

The NBL-NJ D&D staff for Phase IIB of the project believe that

the objectives of the project were satisfied and are specifically

convinced that:

no material was released for unrestricted use with detect-

able contamination,

the soil criteria was satisfied, and

there was no measurable risk to workers and the public.
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CURRENT STATUS OF THE SITE

The official boundaries of the NBL-NJ site were defined by a

licensed land surveyor in May 1980. A copy of the survey is

shown in Figure A-42. Since the southwesterly corner marker

could not be found during the D&D, it was replaced in April 1984

with a 4-inch diameter iron pipe monument (see Figures A-43 and

A-26).

Prior to 1980, the property boundaries were changed several times

when portions of the property at the rear of the site were deeded

to the Pennsylvania Railroad, and a strip of land at the front of

the site was deeded to the City of New Brunswick.

Some drawings prior to 1980, did not reflect the boundary changes

of the site.

Details of the site (topography, etc.) at completion of Phase

IIB, are shown in Figure A-26. The concrete pads of former

Buildings J, L, and M, and the asphalt parking lot were left as a

staging area for future phases of the D&D. No contamination of

concern was associated with these areas.

The short length of new sanitary sewer line which was installed

in 1981 for the D&D laboratory and personnel trailers, was also

left intact for future use.
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Figure A-43. Installation of Iron Pipe Monument At Property
Corner

A narrow gravel road was added to facilitate sample collection

from the monitoring wells. As of July 1984, the weather had been

favorable and the planted grass seemed to be well established.

Aerial photographs taken of the site in July 1984, are shown in

Figures A-44, A-45, and A-46.

The major contamination remaining on the site is the pitchblende

contaminated soil in the remaining portion of the railroad spur.

The activity in the mud pile is a small increase to that in the
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Figure A-44. Aerial Photograph of Site in July 1984 (Looking North)
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Figure A-46. Aerial Photograph of Site in July 1984 (Looking South)

S~ouh



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-.

Figure A-45. Aerial Photograph of site in July 1984 (Looking North)
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spur. A surveillance and monitoring program is being maintained

which includes quarterly collection and analyses of samples from

site vegetation and monitoring wells. These analyses will serve

as early indicators of changes in the radiological condition of

the site. Changes, if any, are expected to be slow enough to

allow early corrective action.

AREAS OF CONCERN AND RECOMMENDATIONS

Item 1

The tons of pitchblende contaminated soil in the remaining

portion of the railroad spur is a well-known concern which

is expected to be resolved in Phase III of the D&D. It is

understood that starting of Phase III will be determined by

economic restraints and by the relative risk from the NBL-NJ

site compared to the other SFMP sites.

Item 2

It is uncertain whether or not some of the pitchblende

contaminated soil may have migrated offsite onto the rail-

road siding at the rear of the property (see Fig. A-47).

It is recommended that the entire area at the rear of the

site should be examined to determine whether or not there is
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Figure A-47. Railroad Siding at Rear of Site

offsite contamination. At that time, the hot spot discovered

along the west fence during the certification survey should also

be examined to determine the extent of offsite contamination.

Item 3

Between Phases IIA and IIB, offsite drain lines were examined

to assess the extent of contamination that was probably due

to NBL-NJ activities. The examination showed (see Appendix

E) that there were no significant amounts of contaminated
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residue in those portions of the offsite drains which were

accessible. However, in one man-hole (sanitary sewer) the

activity concentration in scrapings from around a cracked

tile was above that found in all other portions of the

system. The exposure rate at that location was also higher

than "normal." This point is mentioned not because it is a

serious concern but more because it has not been officially

dismissed.

It is recommended that a decision should be made to either

replace that section of the offsite:sewer line (after con-

sultation with the city) or to inform the proper agencies

that the potential risk is.considered to be insignificant

and that no further action is anticipated. Note that the

replacement of the sewer pipe will entail considerable

planning and engineering since this 12" line services a

number of industrial facilities upstream of NBL-NJ.

Provisions, therefore, must be provided to maintain an

uninterrupted flow of sewage for the duration of any cleanup
operations.

Item 4

During Phase IIA of the D&D, contaminated soil was removed

from the former C Building Plutonium Laboratory and from a

pipe trench between Buildings C and I. At that time, the

cleanup criterion was 15 pCi/g of 241Am per gram of soil.
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The area was decontaminated to that level and was backfilled

with clean soil. No analysis was done for 239Pu before

backfilling because a soil sample from that area before the

D&D was initiated showed that the plutonium concentration

was at least 27 times less than the americium concentration.

Subsequent analysis of soil samples taken during the Phase

IIA cleanup showed that 23 9Pu concentrations could be up to

3 times greater than the 24 1Am concentration.

At the end of Phase IIB, a few subsurface soil samples were

taken from the former C Building area in attempt to confirm

that the 23 9pu concentration did satisfy the criteria but

analysis of these samples was not completed in time for this

report.

As with Item 3, this item is included not because it is a

serious concern but simply because the actual concentration

of 239Pu left in the C building area is somewhat unknown.

It is our opinion that the 23 9Pu concentration is probably

less than the current release criteria.

It is recommended that this concern be dismissed if the

results of the samples are negative. If the results of the

samples are not negative, it is recommended that this area

be dealt with during Phase III.
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LESSONS LEARNED

Both portions of Phase II of the D&D project were completed on

schedule, within budget, with no serious technical problems, with

no health or safety problems, and with no adverse public rela-

tions. Heavy rainfall during the latter part of Phase IIB did

cause delays but this did not have a serious impact on the D&D

cost.

The lessons learned were primarily in the category of insights

gained and confirmations of things which worked as planned. Some

of these are:

The odds of finding surface contamination are improved by

resurveying the same area with different types of radiation.

survey instruments (having different detector character-

istics).

Written procedures are important but they need not be

enormous "cook books." A few pages of clearly written

procedures which give reasons and objectives are usually

more efficient and are adaptable to the unexpected. Simple

record forms which asked for all of the key data assured

uniformity and avoided omissions.

Using a local housewrecker with a small crew as the dis-

mantling contractor proved efficient. Also, the community
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appeared more at ease because local people worked at the

site.

Maintaining an open policy, taking the time to explain

procedures and objectives to "neighbors" and working closely

with the State (NJ-DEP) proved to be good public relations.

Efficiency is optimized by having the ability to quickly

increase or decrease the crew size according to need. The

pace of the D&D is primarily determined by how quickly

direct surveys and sample analyses can be completed.

Unless the locations of contamination on a site are known or

suspected, the contamination which is found is determined by

the detection limit of field instruments and by the odds of

finding contamination by sampling. For cost effective D&D,

there must be some rationale and some value judgement about

which areas of a site should be examined more closely than

others.

Attempts to use gamma-ray spectroscopy of 241Am to predict

2 39Pu concentrations was not reliable. It was, therefore,

necessary to use alpha spectroscopy for assay of plutonium

in soil. Rapid turnaround time for alpha spectroscopy of

samples is essential for efficient cleanup of plutonium

contaminated soil. Some form of onsite automated radio-

chemistry would be a great asset.
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Gross alpha and gross beta activity in soil was not a

reliable indicator of soil contamination levels for the

complex mix of contaminant and naturally occuring radio-

nuclides found in the NBL-NJ soil.

In some cases, cleanup of radionuclide contamination to

levels comparable to that found in the natural environment

can be accomplished without significant cost increase.

The appearance of groundwater in any D&D excavation may be a

warning of future difficulties. Methods to remove the water

or to somehow isolate the contaminated spots should be

explored quickly.
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Figure A-5. Main Building (I) During Operation of NBL-NJ
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Figure A-6. Deteriorating Building I (west side looking south)

Figure A-7. Patching Building I Pad



134

Figure A-8. Covering Building I Pad

Figure A-9. Covered Building I Pad at end of Phase IIA



135

Figure A-10. Bins Loaded for Shipping

Figure A-11. Principal Field Instrument Used During Phase IIB
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Figure A-12. Detector With Ludlum Analyzer/Ratemeter Scaler
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Figure A-13. Removal of Building I Pad Concrete
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Figure A-14. Placing Contaminated Soil from Hot Spot Into
Shipping Bin
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NBL-NJ APPROACH
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Figure A-15. Flow Diagram of Procedure for Hot Spot Cleanup
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NBL-NJ SITE
RELATIVE ACTIVITY CONCENTRATION OF HOT SPOTS
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Figure A-21. Removal of Sewer Lines Up To City Main

F g e - . r ep ra io o S A In tS r

Figure A-22. Preparation of Seal Inlet to City Sewer Main
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Figure A-23. First Sign of Water in Railroad Spur Area
(Building I dock on left)

Figur A ''" ^^-2 .u dnRilroad' Spur;-I A re'a

Figure A-24. Mud in Railroad Spur Area
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Figure A-25. Forming Contaminated Mud Pile at Rear of Site
(Adjacent to Untouched Portion of Pitchblende
Contaminated Soil)

, I
~~-·I_

Figure A-25. Forming contaminated Mud Pile at Rear of site
(Adjacent to Untouched Portion of Pitchblende
Contaminated soil)
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Figure A-27. Building I Railroad Dock Area Filled With Water

Figure A-27. Building I Railroad Dock Area Filled With Water
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NBL-NJ OFFSITE SOIL SAMPLES - 1983
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Figure A-29. Offsite Soil Samples
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Figure A-30. "Pond" in Former Railroad Dock Area

Figure A-31. Pumping Out Railroad Dock Area Before Backfilling
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Figure A-32. Backfilling Railroad Dock Area

Figure A-33. Mud Pile Covered With Soil and Seeded
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Figure A-34. Installing Monitoring Wells
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Figure A-38. Results of Site Certification Survey (In Situ Measurements)
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Figure A-39. Results of Site Certification Survey (In Situ Measurements)
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Figure A-42. Land Survey of NBL-NJ Property
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EI E

Figure A-43. Installation of Iron Pipe Monument
At Property Corner
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Figure A-44. Aerial Photograph of Site in July 1984 (Looking North)
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Figure A-45. Aerial Photograph of Site in July 1984 (Looking North)
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Figure A-46. Aerial Photograph of Site in July 1984 (Looking South)
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Figure A-47. Railroad Siding at Rear of Site



Figure A-48

NBL-NJ D&D SCHEDULE AND COST SUIIARY

FY 1981 FY 1982 FY 1983 FY 1984 FY 1985
Quarter Quarter Quarter Quarter Quarter

let 2nd 3rd 4th lst 2nd 3rd 4th lst 2nd 3rd 4th lst 2nd 3rd 4th 1st 2nd 3rd 4th

PIHASE I1A

1. Pre D&D Planning, Procurements
and Site Hobilization

2. Removal of All Above Ground
Structures

3. Interim Report Preparation ^=

PHASE IIB

4. Pre D&D PloanJni, Procurements -
and Site Hobilization -

5. Removal of Sewers and Facility
Remnants

6. Site Radiological Certification A
7. Site Restoration & Demobilization

8. Interim Report Preparation

9. Site Haintenance and Radiological
Surveillance

10. Radiological Characterization of A
Offsite Sewers

Annual Cost - $in thousands 1693 158 529 600

Annual Budget 1576 148 600 545 95
Prior Year(s) GSO - in thousands 0 13 0 71
Equipment 136 0 0 0
Annual Authorization 1706 161 600 616

Cumulative Cost 1693 1851 2380 2980

Cumulative Budget 1706 1854 2454 2999 3095
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TABLE B-1. ACCEPTABLE SURFACE CONTAMINATION LIMITSa

Activity Limit (dis/min-100 cm2)
Total

Nuclide Removable (Fixed Plus
Removable)

239pu, 241Am other transuranics,
226Ra 228Ra 230Th, 228Th, 231Pa
227Ac, 125I, 129 I

20 100

Th-nat 232Th 90Sr 223Ra, 224Ra232U, 126I, 131AI 133 200 1,000

U-nat, 235U, 238U, and associated
decay products 1,000 5,000

Beta-gamma emitter (nuclides
with decay modes other than
alpha emission or spontaneous
fission) except 90Sr and other
noted above. 1,000 5,000

NOTES: Measurement of average contaminant should not be averaged over morethan 1 square meter.

Levels may be averaged provided the maximum activity in any area of100 cm2 is less than three times the limit.

Many of the nuclides listed decay by alpha emission, while others suchas 228Ra, 227Ac, 129, 131i, 133 , and 90Sr decay primarily by beta
emission. Therefore, the complete absence of alpha contamination mightbe used in some cases to infer the absence of certain nuclides.

aAdopted from Regulatory Guide 1.86, June 1974, "Termination of OperatingLicenses for Nuclear Reactors".
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TABLE B-2. QUANTITY OF WASTE MATERIALS GENERATED DURING PHASE IIA

Truck Volume Weight
Item Loads Bins (ft3) (pounds) Disposition

Contaminated Material
All non-TRU Low Specific Activity (LSA)

Building 7 44 5,300 258,000 Nevada Test SiteRubble

Soil 4 21 2,500 156,500 Nevada Test Site

TOTAL 11 66 7,800 414,500

Clean Material

Building 275 - 158,000 - LandfillRubble

Wood and 148 - 44,300 Salvage
Metal Scrap

Fuel Oil 1 - 1,200 Salvage
(gallons)

TOTALS 423 - 202,800
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TABLE B-3. ESTIMATED QUANTITY OF RADIOACTIVITY REMOVED
FROM NBL-NJ SITE AND SHIPPED TO THE NEVADA
TEST SITE DURING PHASE IIA

Radionuclide Activity (pCi)

2 4 1 Am 29,762

238U 13,281

235U 2,286

234U 13,281

232Th 11,350
228Ac 11,350

137Cs 2

TOTAL 81,312



TABLE B-4. NBL-NJ D&D LABOR AND COST SUMMARY FOR PHASE II DECOMMISSIONING

CostPerson-Years o s
Phase IIA Phase IIB Total

Function or Personnel Phase IIA Phase IIB Total Dollars x E3 Dollars x E3 Dollars x E3

Demolition Contractor 2.0 0.5 2.5 $ 250 $ 50 $ 300

Decontamination Craft 3.0 1.5 4.5 175 115 290
Labor

Health Physics (in- 3.8 2.1 5.9 160 120 280
cluding onsite
sample analyses)

Sample Analysis 0.2 1.7 1.9 33 112 145
at ANL

Project Management 0.5 0.5 1.0 30 40 70

Radioactive Waste 81 55 136
Disposal

Technical Assistance 88 5 93

Travel 223 158 381

Security 50 78 128

Trailer Procurement 70 0 70

Trailer Setup, Teardown 32 49 81
and Transportation

Misc. Transportation 13 6 19



TABLE B-4. NBL-NJ LABOR AND COST SUMMARY FOR PHASE II DECOMMISSIONING
(cont'd.)

CostPerson-Years Cost
Phase IIA Phase IIB Total

Function or Personnel Phase IIA Phase IIB Total Dollars x E3 Dollars x E3 Dollars x E3

Fence Improvements $ 7 $ 3 $ 10

Tools, Materials, 186 81 267
Supplies, Services,
etc.

Monitoring Wells 15 8 23

Site Restoration 17 24 41

Equipment - HP Instru- 196 7 203
ments, Miscellaneous

ANL Overhead Assessment 67 218 285

TOTALS 9.5 6.3 15.8 $ 1,693 $1,129 $ 2,822*

*Does not include the $185 k spent in 1982 on site maintenance and surveillance and for offsite sewer
characterization.
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TABLE B-5. ANL DERIVED NBL-NJ SITE-SPECIFIC
SOIL CONCENTRATIONS FOR ANNUAL
TOTAL BODY DOSE EQUIVALENT RATE
OF 10 MREM/YEAR

pCi/g of soil for
Nuclide 10 mrem/yr

239pu 4090

241Am 2017

Normal Ua 2225

Natural Ub 40

Natural ThC 25

aThe activity of normal U is due to uranium
isotopes in the ratios usually found in
uranium ore but with all non-uranium
daughters removed (chemically processed
uranium). For example, 100 pCi of normal U
means that the three principal uranium
isotopes in processed uranium ore are present
with the following activities:

NUCLIDE pCi
238U 48.9234U 48.9
235u 2.2
TOTAL 100.0

bThe activity of natural U is due to uranium
isotopes and all of its daughter products in
the ratios usually found in unprocessed
uranium ore. For example, 100 pCi of natural
U means that the nuclides associated with
uranium are present with the following
activities:

NUCLIDE pCi

238U 48.9
234Th 48.9
234ma 48.9
234Pa 0.3
234U 48.9
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TABLE 5
(cont'd.)

230Th 48.9
226Ra 48.92 2 2Rn 48.9
218po 48.9
214pb 48.9
218At 0.01
214Bi 48.9
210T1 0.02
2 1 8 Rn
214po 48.9
2 10 pb 48.9
210Bi 48.9
206T1 

-
210Po 48.9
23Su 2.2
231Th 2.2
231pa 2.2
227Ac 2.2
2 2 7 Th 2.17
223Fr 0.03
223Ra 2.2
219At

219Rn 2.2
219Bi
215po 2.2
211pb 2.18
215At
211Bi 2.2
207T1 2.19
211po 0.01

TOTAL 709.11

CThe activity of natural Th is due to 232Th
and all of its daughter products (in
equilibrium with 232Th). For example,
100 pCi of natural Th means that 232Th and
its daughters are present with the following
activities:

Nuclide pCi

232Th 100
228Ra 100
228Ac 100
228Th 100
224Ra 100
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TABLE B-5
(cont'd.)

220Rn 100
216po 100
212pb 100
212Bi 100
212po 63.8
20ST1 36.2

TOTAL 1000.0
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TABLE B-6. PROPOSED SOIL CRITERIA FOR PHASE IIB
OF NBL-NJ D&D

Nuclide pCi/g of soil
239Pu 200

2 4 1Am 200

Normal Ua 200

Natural Ub 40

Natural ThC 25
2 2 6 Ra 5

a,b,cSee Footnotes for Table B-5.



TABLE B-7. TYPICAL BACKGROUND LEVELS

SOIL VEGETATION WATER CONCRETE

40K 10 - 15 pCi/g
6 0Co 0.02 - 0.8 pCi/g
90Sr 0.04 - 0.2 pCi/g 0.04 - 0.07 pCi/g - 0.5 pCi/k

137Cs 0.1 - 0.9 pCi/g
226Ra Chain 0.4 - 1.5 pCi/g -0.5 pCi/g total U/g - 1.5 pCi total U/a - 0.1 - 4 pCi/g

(0.24 - 1.4 pCi/g)*

228Th -1.0 pCi/g 0.01 - 0.04 pCi/g - 0.1 pCi/A
230Th -1.0 pCi/g 0.008 - 0.2 pCi/g - 0.1 pCi/Q
2 32Th Chain 0.7 - 2.2 pCi/g 0.001 - 0.02 pCi/g - 0.05 pCi/a

(0.31 - 1.5 pCi/g)

235U -0.001 pCi/g

238U 8.E-4 - 3.E-3 pCi/g 0.04E-2 - 3.E-2 pCi/Q
239'238pU 8.E-3 - 2.E-1 pCi/g 0.0006-0.004 pCi/g 0.9E-2 - 1.2E-2 pCi/a
241Am 4.E-3 - 2.E-2 pCi/g 3.E-2 - 4.E-2 pCi/a

U Total 0.5 - 4.0 pg/g 0.5 - 2.4 pCi/a
(0.3 - 3 pCi/g)

Gross a 1.0 - 3.0 pCi/a
Gross p 0.4 - 7.0 pCi/A

Typical background exposure rate at 1 meter above ground is 5-10 pR/h (2.3-13 pR/h).*

*The values quoted in the parenthesis are taken from "State Background Radiation Levels: Results of Measure-
ments Taken During 1975-1979," ORNL/TM-7343, November 1981.



TABLE B-9. CONCRETE FROM FORMER I BUILDING (ICON SAMPLES)

PICO CURIE/GRAM c
SAMPLE
NO. Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

ICON-I 2.9a < 8 < 0.3 0.5 < 0.3 0.00/0.00
18% 25%

ICON-2 0.89 b < 5.3 < 0.2 0.5 < 0.2
11% 24%

ICON-4 0.84 b < 5.3 < 0.2 0.5 < 0.2 0.00/0.00
11% 23%

ICON-14 0.85b < 5.3 < 0.2 0.6 < 0.2 0.00/0.00
11% 19%

ICON-16 0.83b < 5.3 < 0.2 0.5 < 0.2 0.00/0.00 OD
11% 22%

ICON-34 1.1b < 5.3 < 0.2 0.78 < 0.2
9% 17%

ICON-41 0.85b < 5.3 < 0.2 0.62 < 0.2
11% 20%

ICON-44 1.9b < 5.3 < 0.2 0.66 < 0.2
10% 19%

ICON-54 1.2a < 5.3 < 0.2 0.68 < 0.2
39% 19%

ICON-55 0.92b < 5.3 < 0.2 0.79 < 0.2
9% 18%

ICON-63 1.2b < 5.3 < 0.2 0.87 < 0.2
15%

ICON-65 1 .1a < 5.3 < 0.2 0.69 < 0.2
38% 20%



TABLE B-9. CONCRETE FROM FORMER I BUILDING (ICON SAMPLES) - (cont'd.)

PICO CURIE/GRAM c
SAMPLE
NO. Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

ICON-77 0.86b < 5.3 < 0.2 0.60 < 0.2
10% 23%

ICON-81 0.80b < 5.3 < 0.2 0.63 < 0.2
11% 19%

ICON-82 0.88b < 5.3 < 0.2 0.61 < 0.2
10% 20%

ICON-105 0.82b < 5.3 < 0.2 0.53 < 0.2
11% 22%

ICON-107 1.0 < 5.3 < 0.2 0.51 < 0.2
1% 22%

ICON-112 0.86b < 5.3 < 0.2 0.54 < 0.2
10% 21%

ICON-116 0.92 < 5.3 < 0.2 0.56 < 0.2
10% 20%

ICON-118 0.93b < 5.3 < 0.2 0.56 < 0.2
9% 21%

57% of counts in 186 keV peak assigned to 22 6Ra.

bBased on peaks from radon (222Rn) daughters, 2 14Bi (609, 1120, or 1764 keV), and/or 2 14Pb
(295 or 352 keV). It was assumed that Rn was at 75% equilibrium with its parent (Ra-226)
so the concentration of 22 6Ra was 1.33 times that of the radon daughters.

CThe less-than values which are listed give the minimum detectable concentrations. Errors
(at 95% confidence level) given in percent are errors due to counting statistics only.



TABLE B-10. RADIOACTIVITY CONCENTRATION AT HOT SPOTS

Gross Gross Cu e
Sample Locationa In Situb Alpha BetaPico CurieGram
Number X,Y,Z CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241 Pu/239/238

HSI-1 279.5, 246.5, 0.5 1.5/5 1.7d < 17 < 0.6 11.7 < 0.5
(45%) (4%)

HS1-4 279.5, 246.5, 0.9 1.5/20 48.1 335.3 2.6d < 17 < 0.6 86 < 0.5 0.26/0.09
(67%) (3%)

HS1-5 279.5, 246.5, 0.9 2.5/2.5 3.0 35.0 1.8d < 8 < 0.3 3.3 < 0.3 0.06/0.02
(14%) (10%)

HS2-1 272, 250, 0.5 1.5/2 13.0d < 12 1.0 908 < 0.4
(14%) (55%) (1%) O

0D

HS2-2 272, 250, 1.0 1.5/50 351 2348 3.5 < 12 < 0.4 261 < 0.4
(38%) (19%)

HS2-4 272, 250, 1.5 1.5/12 1.15d < 7 < 0.2 3.37 < 0.2
(61%) (2%)

112-5 272, 250, 2.3 2.5/2.5 1.9c < 8 < 0.3 1.7 < 0.3 0.07/0.00
(29%) (12%)

HS3-1 273, 243.5, 2.3 1.5/30 1.2d < 17 < 0.6 6.3 < 0.5 0.00/0.00
(34%) (13%)

HS3-2 273, 243.5, 2.0 1.5/1.5 0.8 72 1.9c < 17 < 0.6 3.4 < 0.5
(54%) (15%)

HS3-3 273, 243.5, 2.2 1.5/1.5 1.9c < 8 < 0.3 1.7 < 0.3
(29%) (12%)

HS4-1 205.7, 212.1, 0.3 1/1 0.8 33.7 2.1d < 12 < 0.4 1.5 < 0.4 0.04/0.00
(14%) (18%)



TABLE B-10. RADIOACTIVITY CONCENTRATION AT HOT SPOTS - (cont'd.)

Gross Gross
Sample Locationa b Gross Gross Pico Curie/Gram eIn Situ Alpha Beta
Number X,Y,Z CPM xE3 CPH CPH Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

HS5-1 330.3, 218.7, 0.5 1.5/3.8 12 207 10d 53 3.7 3.0 < 0.5
(9%) (55%) (30%) (20%)

HS5-3 330.3, 218.7, 0.7 1.5/3.0 1.6 76.6 2.8d 16 1.0 1.5 < 0.5
(19%) (91%) (25%) (30%)

HS5-5 330.3, 218.7, 1.0 1.5/1.5 0.8 72.0 1.3 < 12 0.4 1.6 < 0.4 0.00/0.00
(25%) (20%) (20%)

HSP6 187.5, 205, 0.5 1.5/7 5.9 d 700 270 32 < 0.5
(18%) (8.4%) (2%) (5%) H

0O

HS6-1 187.5, 205, 0.5 1.5/1.5 2.1C < 8 < 0.3 1.3 < 0.3
(25%) (20%)

HS6-2 187.5, 205, 1.5 1.5/1.5 0.7 37.4 4.7 < 12 1.3 1.0 < 0.4 0.07/0.00
(50%) (25%) 25%

HSP-7 305.2, 173.9, 1.0 1/4 38.3 786 2.1d 230 12 87 < 0.4
(50%) (22%) (20%) (3%)

HS7-1 305.2, 173.9, 1.0 1/1 0.8 44.9 2.1 C < 12 < 0.4 1.6 < 0.4 0.08/0.00
(30%) (22%)

HSP-8 240, 170.2, 1.0 1/10 1660 3470 12d <260 3044 908 20
(33%) (41%) (0.7%) (0.5%) (45%)

HS8-3 240, 170.2, 2.0 1.5/1.5 10.6 67.4 1.8 < 0.6 27 8.6 < 0.5
(30%) (8%) (10%)

HS8-5 240, 170.2, 3.5 1.5/1.5 1.8 67.4 2.1C < 8 < 0.3 1.2 < 0.3 0.00/0.00
(22%) (17%)



TABLE B-10. RADIOACTIVITY CONCENTRATION AT HOT SPOTS - (cont'd.)

Gross Gross eSample LocationGrss Gross Pico Curie/Gram eSample Location a In Situb Alpha Beta
Number X,Y,Z CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

HSP9 254.7, 156.3, 0.5 1/2.5

HS9-1 254.7, 157.3, 0.5 1/1 3.4 82.4 2.8d < 12 3.6 5.5 < 0.4
(14%) (15%) (11%)

IS9-2 254.7, 157.3, 0.8 1/1 1.8 < 12 < 0.4 1.2 < 0.4 0.00/0.00
(35%) (20%)

HSP10 201, 155.7, 0.9 1/8 27 100 0.7d < 17 15.8 37 < 0.5
(84%) (10%) (4%)

HS10-l 201, 155.7, 0.9 1/1.5 0.4 50 2.8d < 12 < 0.4 1.7 < 0.4 5.02/0.22 O
(13%) (20%)

HS10-3 201, 155.7, 3.0 1/1.5 4.0 < 17 < 0.4 1.2 < 0.5 0.04/0.00
(17%) (45%)

HSP11 213.3, 185.8, 1.2 1/50 610 d 18138 2109 3250 < 2.1
(4%) (5.3%) (2%) (1.2%)

HS11-1 213.3, 185.8, 1.8 1/15 4.8d < 24 84 84 < 2.1
(35%) (5%) (4%)

HS11-2 213.3, 185.8, 2.2 1/1 1.9c < 8 < 0.3 1.1 < 0.3 0.05/0.00
(25%) (22%)

HSP12 150, 258.1, 1.0 1/45 363d 2961 99 1102 20.3 1.1 ± 0.1
(3%) 9% 10% 1.6% 66%



TABLE B-10. RADIOACTIVITY CONCENTRATION AT HOT SPOTS - (cont'd.)

Gross Gross
Sample Locationa b Gross Gross Pico Curie/Gram eSameIn Situ Alpha Beta
Number X,Y,Z CPH xE3 CPH CPH Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

HS12-1 150, 258.1, 1.0 1/2 2.0 c < 12 < 0.4 1.1 < 0.4
(33%) (17%)

1IS12-2 150, 258.1, 3.0 1/1 2.0 c < 12 < 0.4 0.8 < 0.4 0.26/0.00
(24%) (33%)

HSP13 193.0, 217.5, 1.0 1/30

HS13-1 193.0, 217.5, 1.0 1/1 0.5 20.0 1.1 C < 8 < 0.3 < 0.6 < 0.3 0.02/0.00
(32%) (28%)

co
HSP14 209.1, 236.1, 1.0 1/2.5

HS14-1 209.1, 236.1, 1.0 1/1 0.9 29.6 1.5 < 8 < 0.3 1.4 < 0.3 0.04/0.00
(29%) (14%)

HS15-1 230.2, 260.6, 1.0 1/4 2.0 c < 7 < 0.2 1.0 < 0.2
(17%) (15%)

HS15-2 230.2, 260.6, 2.0 1.5/25 42d 340 26 77 < 2
(6%) (24%) (12%) (4%)

HS15-4 230.2, 260.6, 3 1.5/1.5 3.3 d < 8 0.4 2.4 < 0.3
(8%) (80%) (10%)

HS15-5 230.2, 260.6, 4.5 1.5/1.5 3.7 C < 12 < 0.4 < 1.0 < 0.4 0.17/0.00
(11%) (28%)



TABLE B-10. RADIOACTIVITY CONCENTRATION AT HOT SPOTS - (cont'd.)

Gross Gross
Sample Location a II Situb Alpha Beta
Number X,Y,Z CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

HSP16 301.9, 212.1, 1.5 1/50 1430 59710 857 1050 < 2
(2%) (2%) (4%) (2.5%)

HS16-1 301.9, 212.1, 1.5 1/25 79d 135 8.6 16.5 < 1.3
(20%) (61%) (50%) (17%)

HS16-2 301.9, 212.1, 2.0 1/1 76d 135 < 1.4 16.5 < 2
(6%) (60%) (17%)

HS 16-3 301.9, 212.1, 2.5 1/1 3.8c < 12 < 0.4 2.2 < 0.4 0.02/0.00
(22%) (15%)

HSP17 234.3, 180.8, 3.5 1/15 12d < 24 1140 393 < 2
(54%) (3.5%) (3%)

HS17-1 234.3, 180.8, 3.5 1/1 55C < 12 < 0.4 1.6 < 0.4 0.34/0.07
(16%) (26%)

HS18-1 217.0, 180.2, 4.5 1.7/1.8 1.4 34 4.9c < 12 < 0.4 1.6 < 0.4 0.34/0.00
(18%) (18%)

HSP19 220, 233.9, 1.5 1.7/8 13d < 41 10 178 25 73 ± 3
(35%) (78%) (5%) (39%)

HS19-1 220, 233.9, 1.5 1.7/1.8 1.1 45.9 2.8d < 12 < 0.4 1.8 < 0.4 0.25/0.00
(12%) (15%)

HSP20 193.9, 199.6, 3.5 1.7/30 40d 828 603 777 62 334 + 15
(25%) (38%) (6%) (2.5%) (35%)



TABLE B-10. RADIOACTIVITY CONCENTRATION AT HOT SPOTS - (cont'd.)

Gross Gross e
Sample Locationa In Situb Alpha Beta Pico Curie/Gram
Number X,Y,Z CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

HS20-1 193.9, 199.6, 3.5 1.7/1.8 2.1 39 4.3 c < 8 < 0.3 1.5 < 0.3 0.18/0.00
(14%) (14%)

HSP21 162.7, 180.7, 4.5 2.5/3.5 7.8 142.5 17c 155 12 40 2.6
(8%) (27%) (20%) (4%) (85%)

HS21-1 162.7, 180.7, 4.5 2.5/2.5 0.7 33.5 3.5 d < 8 0.7 1.6 < 0.3 0.26/0.00
(7%) (40%) (14%)

HSP22 58.2, 180.7, 11 1.5/7 7.9d < 29 27 24 < 0.9 10.3/1.22
(20%) (12%) (9%)

HS22-1 58.2, 180.7, 11 < 8 < 0.3 < 0.3 0.05/0.00

HSP23 16.3, 180.7, 10 2.5/4.5 2.1 < 7.4 1.7 4.1 < 0.24 1.21/0.00
(15%) (15%) (6%)

HS23-1 16.3, 180.7, 10 1.6d < 7 < 0.24 1.3 < 0.2 0.38/0.00
(22%) (12%)

HSP24 113.4, 168.3, 4 1.5/250 12100 1.14E5 1506 20 < 1.3
(5%) (1.5%) (3%) (47%) (15)

HS24-1 113.4, 168.3 2.3 c < 12 < 0.4 1.0 < 0.4 0.05/0.00
(31%) (27%)



TABLE B-10. RADIOACTIVITY CONCENTRATION AT HOT SPOTS - (cont'd.)

Sample Locationa In b Gross Gross Pico Curie/Gram eSaple Location3 In Situ Alpha Beta
Number X,Y,Z CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

HSP25 314.3, 232.3, 5 2/2.5 16 < 8 < 0.3 95 6.0
(28%) (2%) (25%)

HS25-1 314.3, 232.3, 5 2/3 1.7d < 6 < 0.2 1.1 1.1 5.34/0.31
(21%) (11%) (15%)

HS26-1 346.1, 168.2, 2 2.5/5 36 22.0 0.7 1.0 < 0.2
(40%) (20%) (20%) (10%)

HS26-2 346.1, 168.2 2.0d < 8 0.5 1.3 < 0.3 0.24/0.00
(11%) (51%) (15%)

CD

HS27-1 341, 264, 2.0 2/100 3.1d 43 2.0 1.0 4.5
(11%) (36%) (23%) (25%) (12%)

HS27-2 341, 264, 2.3 59 6109 178 5 < 0.5
(4%) (3%) (2.5%) (26%)

HS27-3 341, 264, 3.0 2/50 126 d 13364 342 11 < 0.8
(4%) (2%) (3%) (22%)

HS27-4 341, 264, 4.0 2.5/2.5 2.0d 14 0.6 1.6 3.3 15.6/0.40
(10%) (57%) (35%) (11%) (8%)

HS27-5 341, 264, 4.5 2.5/2.5 1 d 32 0.8 1.4 9.6 3.12/0.07
(12%) (27%) (32%) (15%) (5%)

HS27-6 341, 264, 5.0 2.0d < 8 0.33 1.4 0.9
(12%) (84%) (15%) (32%)



TABLE B-10. RADIOACTIVITY CONCENTRATION AT HOT SPOTS - (cont'd.)

Gross Gross eSample Locationa b Gross Gross Pico Curie/GramS lIn Situ Alpha Beta
Number X,Y,Z CPM xE3 CPH CPM Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

HSP28 342, 225-260, 1.5 2.5/15 99 3275 101 5.0 8.0
(3%) (3%) (5%) (21%) (44%)

HS28-1 342, 225-260, 1.5 3.0d 35.4 1.1 1.5 4.3
A_-~- ~(7%) (24%) (21%) (12%) (9%)

HS28-2 342, 225-260, 2 2.0 d 18 < 0.2 1.4 2.5 6.97/0.27
(8%) (34%) (11%) (lo0)

HSP29 342, 192-225, 1.5 16d 531 17.6 3 92
(7%) (8%) (10%) (20%) (3%) -

HS29-1 342, 192-225, 1.5 2.8d 70 2.3 1.7 17.6
(13%) (22%) (30%) (19%) (5%)

HS29-2 342, 192-225, 1.5 1.7d 12.6 0.8 1.4 0.6
(12%) (62%) (33%) (15%) (43%)

HS29-3 342, 192-225, 2.0 2.6d 32.8 1.0 1.5 4.9
(10%) (27%) (50%) (15%) (8%)

HS29-4 342, 192-225, 2.5 1.8d 16.2 0.4 1.3 2.5 9.96/0.41
(10%) (41%) (45%) (12%) (10%)

HSP30 342, 189.6, 2 3.2d 42 1.7 1.5 341
(7%) (18%) (20%) (16%) (0.5%)

HS30-1 342, 189.6, 3.4 7.6 d 4160 189 11 < 0.5
(18%) (4%) (2%) (10%)



TABLE B-10. RADIOACTIVITY CONCENTRATION AT HOT SPOTS - (cont'd.)

b Gross Grosse
Sample Locationa In Situb Alpha Beta Pico Curie/Gram
Number X,Y,Z CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

HS30-2 342, 189.6, 4 2. d 45 1.5 2.0 < 0.3
(12%) (25%) (25%) (12%)

HS30-3 342, 189.6, 4.5 1.9 d 20 0.5 1.8 < 0.2 0.58/0.00
(10%) (30%) (50%) (10%)

HS31-1 306, 137, 4.2 2.5/25 65d 26 2.5 5.0 < 0.4
(2%) (79%) (37%) (12%)

HS31-2 306, 137, 5.0 3.1 d 80 3.0 3.0 < 0.4 0.11/0.00
(12%) (18%) (20%) (12%)

HS31-10 306, 137, 6.0 2.6 d < 8 0.8 1.5 < 0.3 0.10/0.00
(9%) (50%) (14%)

HS32-1 322, 140, 3.2 2.5/10 5.2d 213 6.0 200 < 0.5
(36%) (23%) (47%) (2%)

lHS32-2 322, 140, 5.0 3.1 80 3.0 3.0 < 0.4 0.11/0.00
(12%) (18%) (20%) (12%)

HS32-10 322, 140, 6.0 2.6d < 8 0.8 1.5 < 0.3 0.10/0.00
(9%) (50%) (14%)

HS33-1 363, 138, 2.8 2.5/100 2210 d 12280 311 483 < 0.3
(0.4%) (2%) (3%) (1%)

HS33-10 363, 138, 4.0 2.6 < 8 0.8 1.5 < 0.3 0.10/0.00
(9%) (50%) (14%)



TABLE B-10. RADIOACTIVITY CONCENTRATION AT HOT SPOTS - (cont'd.)

LocatSampleionub Gross Gross eSample Locationa In Situb Alpha Beta Pico Curie/Gram e
Number X,Y,Z CPM xE3 CPH CPH Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

HS34-1 248, 137, 4.4 2.5/5 6.5d 112 6.2 7.5 < 0.4
(8%) (17%) (20%) (12%)

HS34-2 248, 137, 5.0 3.1 d 80 3.0 3.0 < 0.4
(12%) (18%) (20%) (12%)

HS34-10 248, 37, 6.0 2.6d < 8 0.8 1.5 < 0.3 0.10/0.00
(9%) (50%) (14%)

HS35-1 312, 134, 5.0 2.5/50 157d 110 5.0 2.4 < 0.5
(2%) (44%) (40%) (46%)

HS35-2 312, 134, 5.0 3.1 80 3.0 3.0 < 0.4 0.11/0.00 w
(12%) (18%) (20%) (12%)

HS 35-10 312, 134, 6.0 2.6d < 8 0.8 1.5 < 0.3 0.10/0.00
(9%) (50%) (14%)

HS36-1 342, 142, 1.5 2/2.5 2.0 10 0.6 1.3 < 0.3 1.18/0.00
(11%) (75%) (50%) (11%)

11S36-2 342, 142, 2 1.9d < 8 0.4 1.3 < 0.3
(12%) (65%) (16%)

HSP37 160.6, 140, 1.5 2/10 2.5d 6977 209 51 < 0.5
(78%) (3%) (4%) (6%)

HS37-1 160.6, 140, 1.5 2/2 3.9c < 8 < 0.3 4.0 < 0.3 0.02/0.00
(15%) (76%) (7.3%)



TABLE B-10. RADIOACTIVITY CONCENTRATION AT HOT SPOTS - (cont'd.)

Sml Locationa I ib Gross Gross
Sample Location In Situ Alpha BetaPico Curie/Gram
Number X,Y,Z CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238
HS38-1 165.4, 132, 4.0 2/15 307 5560 130 3.2 < 0.4

(20%) (22%) (4%) (20%)
HS38-2 165.4, 132, 5.0 2/2 1.8 43 1.5 1.0 < 0.2

(12%) (16%) (20%) (14%)

IIS40-1 396, 135, 1
9.4 d 273 18 34 < 0.8 0.75/0.00
(15%) (22%) (15%) (6%)

IIS41-1 224, 150, 0.5 3.6c 8 < 0.3 1.4 < 0.3
(18%) (14%)

HSP43 232, 125, 4.5 4.7 68.0 2.0 2.2 < 0.27
(8%) (20%) (20%) (15%)

HS43-1 232, 128, 5 2.3 22.0 0.8 1.6 2.1
(13%) (41%) (45%) (17%) (23%)

HS44-1f 80, 130, 6 0.43 61.5 2.42 2.2 < 0.27

HS-PBg 480, 150, 8 99.2 143 5.6 2.4 < 0.22
3% 15% 30% 25%



TABLE B-10. RADIOACTIVITY CONCENTRATION AT HOT SPOTS - (cont'd.)

az coordinate is depth below surrounding ground surface (not a true elevation).

bin situ measurements were taken with a collimated 2 mm by 50 mm NaI(T2) detector connected to a single channelanalyzer and rate meter. The analyzer was operated in the gross mode with the threshold set at 17 keV.
The number on left side of the slash mark is the background count rate measured at the soil surface in an areaknown to be clean and also when the detector was pointed up (held at about 2 meters above the ground). Bypointing the collimated detector up, the "background" could be checked without leaving the contaminated area. Thenumber on the right side of the slash mark is the count rate measured with collimated detector at the soilsurface.

c57% of counts in 186 keV peak assigned to 2 2 6Ra.

dBased on peaks from radon (222Rn) daughters 214Bi (609, 1120, or 1764 keV), and/or 214Pb (295 or 352 keV). It wasassumed that 222Rn was at 50% equilibrium with its parent (Ra-226) so the concentration of 226Ra was twice that ofthe radon daughters.

eThe less-than values which are listed give the minimum detectable concentrations. (See Appendix F for discussionof minimum detectable concentrations.) Errors given in percent are due to counting statistics only.
fManhole sludge.

gFrom pitchblende contaminated soil in untouched portion of railroad spur at rear of site.



TABLE B-ll. TRENCH SAMPLES - COMPOSITES

LOCATIONa GROSS GROSS c
SAMPLE X,Y IN SITUb ALPHA BETA PICO CURIE/GRAM
NO. (FEET) CPM xE3 CPM CPM Ra-226d U-238 U-235 Th-232 Am-241

TS-1 240, 150 1.0/2.0 1.7 31.0 1.8 < 8.3 < 0.3 1.2 < 0.3
240, 180 (11%) (15%)

TS-2 228.7, 150 1.0/2.0 0.4 31.1 2.8 < 8.3 < 0.3 1.8 < 0.3
228.7, 180.7 (8%) (12%)

TS-3 266.5, 150 1.0/2.0 1.1 34.0 2.7 < 8.3 < 0.3 1.6 < 0.3
266.5, 180.7 (9%) (15%)

TS-4 276, 150 1.0/1.5 1.7 40.6 1.4 < 8.3 1.5 1.4 < 0.3
276, 180.7 (18%) (17%) (13%)

TS-5 254.9, 150 1.0/2.0 1.7 41.0 2.2 < 11.8 0.6 1.7 < 0.4
254.9, 180.7 (14%) (50%) (18%)

TS-6 212.6, 150 1.0/2.0 3.0 44.5 3.6 < 11.8 < 0.4 1.9 < 0.4
212.6, 180.7 (10%) (18%)

TS-7 200.4, 150 1.0/2.0 2.0 38.7 3.7 < 8.3 < 0.3 1.7 < 0.3
200.4, 180.7 (7%) (14%)

TS-8 184.6, 150 1.0/2.0 2.8 < 11.8 < 0.4 1.9 < 0.4
184.6, 180.7 (13%) (15%)



TABLE B-ll. TRENCH SAMPLES - COMPOSITES - (cont'd.)

LOCATIONa GROSS GROSS
SAMPLE X,Y IN SITUb ALPHA BETAPICO CURIE/GRAM
NO. (FEET) CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241

TS-9 170, 150 1.0/2.0 0.3 40.3 2.2 < 11.8 < 0.4 1.7 < 0.4170, 180.7 (16%) (19%)

TS-10 160.6, 150 1.0/2.0 0.6 44.5 3.0 < 6.8 < 0.3 1.3 < 0.3
160.6, 180.7 (6%) (12%)

TS-11 154.8, 150 1.0/2.0 1.7 31.0 2.4 < 11.8 < 0.4 1.4 < 0.4
154.8, 180.7 (15%) (24%)

TS-12 223.6, 180.7 1.0/2.0 0.4 31.1 3.4 < 6.8 < 0.3 1.3 < 0.3
223.6, 199 (7%) (19%)

TS-13 223.6, 189 1.0/2.0 1.1 34.0 5.8 < 11.8 1.7 1.8 < 0.3
247.2, 207.4 (25%) (25%)

TS-14 235.3, 198.4 1.0/2.0 1.4 41.0 3.6 < 11.8 < 0.4 1.4 < 0.4
235.3, 209.8 (10%) (22%)

TS-15 262.6, 180.7 1.0/2.0 0.7 19.0 1.6 < 118 < 0.4 0.7 < 0.4
262.6, 210 (17%) (32%)

TS-16(1) 141.8, 150 1.0/2.0 0.2 33.3 2.0 < 11.8 < 0.4 1.2 < 0.4
141.8, 168.5 (15%) (23%)

TS-16(2) 141.8, 168.5
128, 195.6



TABLE B-ll. TRENCH SAMPLES - COMPOSITES - (cont'd.)

LOCATION a GROSS GROSS cSAMPLE X,Y IN SITUb ALPHA BETAPICO CURIE/GRAM
NO. (FEET) CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241

TS-17 209, 180.7 1.0/2.0 2.3 24.8 3.8 < 8.3 < 0.3 1.5 < 0.3
209, 206.5 (7%) (14%)

TS-18 200.9, 180.7 1.0/2.0 1.2 32.2 2.8 < 11.8 < 0.4 1.5 < 0.4
200.9, 206.5 (12%) (19%)

TS-19 164, 196.5 1.0/2.0 0.6 29.2 2.0 < 12.2 < 0.4 1.3 < 0.4
164, 260.8 (10%) (22%)

TS-20 164, 168 1.0/2.0 0.5 27.5 2.4 < 11.8 < 0.4 1.4 < 0.4 D164, 196.5 (14%) (20%)

TS-21 165, 247 1.0/2.0 2.2 < 11.8 < 0.4 1.3 < 0.4
176, 247 (13%) (20%)

TS-22 146, 260.8 1.0/2.0 0.5 29.2 2.0 < 10.0 < 0.4 1.3 < 0.4
194.1, 260.8 (13%) (19%)

TS-23 146, 246 1.0/1.5 0.4 31.1 1.8 < 11.8 < 0.4 0.8 < 0.4
146, 260.8 (17%) (34%)

TS-24 123, 196.5 1.0/1.5 1.1 31.6 1.8 < 11.8 < 0.4 1.2 < 0.4
164, 196.5 (16%) (22%)



TABLE B-ll. TRENCH SAMPLES - COMPOSITES - (cont'd.)

LOCATION GROSS GROSS
SAMPLE X,Y IN SITUb ALPHA BETA PICO CURIE/GRAM c
NO. (FEET) CPH xE3 CPM CPH Ra-226 U-238 U-235 Th-232 Am-241
TS-25 146, 246 1.0/2.0 0.8 31.2 1.8 < 11.8 < 0.4 0.5 < 0.4155, 246 (19%) (54%)

TS-26 138, 260.8 1.0/2.0 0.8 22.2 1.8 < 4.0 < 0.2 1.0 < 0.2146, 260.8 (6%) (9%)

TS-27 170.5, 217.7 1.0/2.0 0.9 16.7 1.6 < 11.8 < 0.4 1.0 < 0.4194.1, 217.7 (18%) (25%)

TS-28 179, 250 1.0/2.0 0.2 34.2 2.0 < 11.8 < 0.4 0.4 < 0.4194.1, 250 (17%) (90%)

TS-29 230.2, 233.4 1.0/1.0 0.4 19.7 1.3 < 6.8 < 0.3 1.0 < 0.3230.2, 260.8 (11%) (14%)

TS-30 220, 233.4 1.0/1.0 0.4 30.7 1.2 < 11.8 < 0.4 1.0 < 0.4220, 270.8 (23%) (22%)

TS-31 209.5, 233.4 1.0/1.0 0.8 34.4 2.0 < 11.8 < 0.4 1.7 < 0.4209.5, 260.8 (12%) (15%)

TS-32 261.4, 233.4 1.0/1.2 0.6 23.1 1.6 < 11.8 < 0.4 0.4 < 0.4261.4, 260.8 (20%) (62%)

TS-33 312, 233.4 1.0/1.2 1.6 18.3 1.2 < 11.8 < 0.4 0.4 < 0.4312, 260.8 (24%) (60%)



TABLE B-ll. TRENCH SAMPLES - COMPOSITES - (cont'd.)

LOCATIONa GROSS GROSS c
SAMPLE X,Y IN SITUb ALPHA BETAPICO CURIE/GRA
NO. (FEET) CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241

TS-34 320, 233.4 1.0/1.2 1.6 18.3 1.8 < 11.8 < 0.4 0.5 < 0.3
320, 260.8 (18%) (49%)

TS-35 301.9, 233.4 1.0/1.2 0.4 25.1 1.8 < 11.8 < 0.4 1.3 < 0.2
320, 233.4 (18%) (18%)

TS-36 301.9, 209.9 1.0/1.2 0.8 < 11.8 < 0.4 < 0.2 < 0.4
301.9, 233.4 (28%)

to
TS-37 293, 209.9 1.0/1.2 0.4 23.7 1.1 < 11.8 < 0.4 0.3 < 0.4

301.9, 209.9 (23%) (73%)

TS-38 272, 233.4 1.0/1.2 1.7 39.1 2.2 < 8.3 < 0.3 1.3 < 0.3
272, 260.8 (10%) (10%)

TS-38(2) 272, 233.4 1.0/1.5 2.0 < 8.3 < 0.3 1.8 < 0.4
272, 260.8 (11%) (12%)

TS-39 276, 180.7 1.5/1.8 0.3 23.9 2.5 < 8.3 < 0.3 1.2 < 0.4
322.3, 180.7 (9%) (17%)

TS-40 240, 180.7 1.5/1.8 0.8 45.7 3.6 < 11.8 0.8 1.7 < 0.4
276, 180.7 (10%) (44%) (20%)



TABLE B-ll. TRENCH SAMPLES - COMPOSITES - (cont'd.)

LOCATIONa GROSS GROSS
SAMPLE X,Y IN SITUb ALPHA BETAPICO CURIE/GRAM c
NO. (FEET) CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241
TS-41 212.6, 180.7 1.5/2.0 0.8 58.3 3.0 < 11.8 < 0.4 1.6 < 0.4240, 180.7 (10%) (19%)

TS-42 194.1, 180.7 1.8/2.0 0.8 44.9 1.8 < 11.8 < 0.4 0.7 < 0.4212.6, 180.7 (18%) (34%)

TS-43 194.1, 203.3 1.8/2.0 0.6 38.2 1.5 < 6.8 0.6 1.6 < 0.3194.1, 233.4 (35%) (16%)

TS-44 272, 233.9 1.8/2.0 0.9 35.7 3.0 < 11.8 0.9 2.4 < 0.4301.9, 233.9 (43%) (43%) (14%)

TS-45 230.2, 233.4 1.9/2.0 1.0 33.6 3.3 < 11.8 < 0.4 1.4 < 0.4272, 233.4 (9%) (16%)

TS-46 81.5, 180.7 2.5/2.5 0.7 30.7 2.9 < 11.8 < 0.4 1.6 < 0.4105.5, 180.7 (12%) (19%)

TS-47 105.5, 180.7 2.5/2.5 0.5 38.3 3.8 < 11.8 < 0.4 1.8 < 0.4129.5, 180.7 (10%) (17%)

TS-48 129.5, 180.7 2.5/2.5 0.4 33.5 0.6 < 8.3 0.3 1.7 < 0.3149.3, 180.7 (92%) (90%) (13%)

TS-49 149.3, 180.7 2.5/2.5 1.9 33.3 5.1 < 11.8 < 0.4 1.5 < 0.4171.2, 180.7 (9%) (23%)



TABLE B-ll. TRENCH SAMPLES - COMPOSITES - (cont'd.)

LOCATIONa GROSS GROSS P CURIE/
SAMPLE X,Y IN SITUb ALPHA BETAPICO CURIE/GRAM
NO. (FEET) CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241

TS-49(2) 149.3, ]80.7 2.5/2.5 1.3 < 8.3 0.4 1.5 < 0.3
171.2, 180.7 (72%) (71%) (15%)

TS-50 171.2, 180.7 2.5/2.5 0.9 37.7 3.4 < 11.8 < 0.4 1.0 < 0.4
194.1, 180.7 (12%) (32%)

TS-51 51.5, 180.7 1.5/1.5 1.5 < 6.2 < 0.2 1.2 < 0.2
76.5, 180.7 (10%) (13%)

TS-52 26.5, 180.7 1.5/1.5 0.4 43.9 0.9 < 5.5 < 0.2 0.8 < 0.2
51.5, 180.7 (13%) (14%)

TS-53 0, 180.7 1.5/1.5 1.7 10.7 < 0.4 1.1 < 0.4
26.5, 180.7 (10%) (69%) (26%)

TS-54 65.6, 196.5 2.0/2.0 1.9 < 8.3 < 0.3 1.5 < 0.3
79.5, 196.5 (12%) (16%)

TS-55 65.5, 196.5 1.5/1.5 2.2 < 11.8 < 0.4 1.5 < 0.4
79.5, 196.5 (13%) (18%)

TS-56 194.1, 180.7 1.8/2.0 1.9 2.6 < 0.2 1.5 < 0.2
194.1, 203.3 (5%) (85%) (7%)

TS-57 194.1, 233.4 1.8/2.0 2.7 36.9 2.2 < 11.8 < 0.4 1.6 < 0.4
194.1, 260.8 (15%) (18%)



TABLE B-11. TRENCH SAMPLES - COMPOSITES - (cont'd.)

LOCATIONa GROSS GROSS
SAMPLE X,Y IN SITUb ALPHA BETAPICO CURIE/GRAM
NO. (FEET) CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241

TS-59 183, 203.3 1.0/1.0 1.1 21.3 2.4 < 11.8 < 0.4 1.7 < 0.4194, 203.3 (14%) (16%)

TS-60 222, 129 1.5/1.5 2.0 < 8.3 0.6 1.8 0.5252, 129 (12%) (38%) (12%)

TS-61 252, 129 1.5/1.5 1.4 < 8.3 < 0.3 1.1 < 0.3282, 129 (14%) (20%)

toTS-62 282, 129 1.5/1.5 2.2 < 6.8 < 0.3 1.3 < 0.3
312, 129 (9%) (13%)

TS-63 312, 129 1.5/1.5 2.1 < 6.8 < 0.3 2.5 < 0.3
342, 129 (10%) (8%)

TS-67 281.4, 233.4 1.0/1.5 2.0 40.5 2.8 < 11.8 < 0.4 1.6 < 0.4281.4, 260.8 (12%) (19%)

TS-70 194.1, 233.4 1.9/2.0 0.5 31.5 2.4 < 11.8 < 0.4 1.5 < 0.4
230.2, 233.4 (13%) (19%)

TS-72 159.1, 196.5 2.0/2.0 0.8 20.1 1.4 < 11.8 < 0.4 0.8 < 0.4159.1, 210.6 (22%) (25%)

TS-73 0, 202 2/2 0.9 28.2 1.5 < 6.8 < 0.3 1.3 < 0.312, 216 (10%) (11%)



TABLE B-ll. TRENCH SAMPLES - COMPOSITES - (cont'd.)

LOCATIONa GROSS GROSSc
SAMPLE X,Y IN SITUb ALPHA BETAPICO CURIE/GRAM
NO. (FEET) CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241

TS-74(1) 12, 216 2/2 1.1 41.3 1.9 < 8.3 < 0.3 1.3 < 0.3
19, 226 (11%) (13%)

TS-74(2) 19, 226 2/2 1.1 41/3 1.9 < 8.3 < 0.3 1.3 < 0.3
19, 238 (11%) (13%)

TS-75 194, 122 2.0 < 11.8 1.0 1.6 < 0.4
194, 140 (15%) (35%) (16%)

TS-76 95, 122 3.8 < 17.0 < 0.4 1.8 < 0.1 to
(7%) (15%)

TS-77 148, 122 4.0 < 6.8 < 0.2 1.3 < 0.3
(6%) (13%)

TS-78 72, 120 2.4 53.0 2.2 2.3 < 0.4
(23%) (24%) (22%) (15%)

TS-79 70, 120 4.2 < 11.8 1.9 1.6 < 0.4
(9%) (56%) (18%)

TS-80 47.6, 143 2.0 < 21.0 < 0.5 1.6 < 0.1
(16%) (19%)



TABLE B-ll. TRENCH SAMPLES - COMPOSITES - (cont'd.)

LOCATIONa GROSS GROSS c
SAMPLE X,Y IN SITU b ALPHA BETAPICO CURIE/GRAM
NO. (FEET) CPH xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241

TS-81(1) Unknown 4.1 45.4 1.3 2.5 < 0.3
(18%) (16%) (18%) (8%)

TS-81(2) Unknown 1.9 < 14.2 < 0.4 1.4 < 0.1
(12%) (16%)

TS-100 295, 395 2/2 2.1 < 11.8 < 0.4 1.4 < 0.4
317, 395 (15%) (21%)

TS-101 270, 398 2/2 1.8 < 8.3 < 0.3 1.5 < 0.3
295, 395 (12%) (15%)

TS-102 245, 402 2/2 1.5 < 9.0 < 0.3 1.3 < 0.3
270, 398 (16%) (16%)

TS-103 220, 406 2/2 1.7 < 7.3 < 0.3 1.3 < 0.3
245, 402 (12%) (14%)

TS-104 195, 410 2/2 2.1 < 6.0 < 0.2 1.3 < 0.2
220, 406 (8%) (12%)

TS-105 170, 416 2/2 2.2 < 5.2 < 0.2 1.5 < 0.2
195, 410 (7%) (9%)

TS-106 145, 420 2/2 2.3 < 5.2 < 0.2 1.5 < 0.2
170, 416 (10%) (13%)



TABLE B-ll. TRENCH SAMPLES - COMPOSITES - (cont'd.)

LOCATION a GROSS GROSS c
SAMPLE X,Y IN SITUb ALPHA BETAPICO CURIE/GRAM
NO. (FEET) CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241

TS-107 120, 424 2/2 2.2 < 6.8 < 0.2 1.6 < 0.3
145, 420 (8%) (11%)

TS-108 95, 428 2/2 2.5 < 6.8 < 0.3 1.7 < 0.3
120, 424 (12%) (16%)

TS-109 70, 432 2/2 2.2 < 8.3 < 0.3 1.7 < 0.3
95, 428 (10%) (19%)

TS-110 45, 436 2/2 2.4 10.5 < 0.4 1.7 < 0.1 o
70, 432 (12%) (>100%) (16%)

TS-111 20, 440 2/2 1.6 < 6.8 < 0.3 1.5 < 0.3
45, 436 (13%) (14%)

TS-113 289, 397 2/2 2.0 < 6.8 < 0.2 1.4 < 0.3
302, 276 (9%) (12%)

TS-114 302, 376 2.4 < 17.0 < 0.4 1.7 < 0.1
316, 350 (12%) (17%)

TS-115 316, 350 1.9 < 8.3 < 0.3 1.3 < 0.3
337, 323 (12%) (13%)



TABLE B-ll. TRENCH SAMPLES - COMPOSITES - (cont'd.)

LOCATIONa GROSS GROSSc
SAMPLE X,Y IN SITUb ALPHA BETAPICO CURIE/GRAM
NO. (FEET) CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241

TS-116(1) 312, 356 2.2 < 10.2 < 0.4 1.7 < 0.4
340, 330 (12%) (21%)

TS-116(2) 322, 346 2.2 < 10.2 < 0.4 1.7 < 0.4
336, 352 (12%) (21%)

TS-117(1) -6.3, 450 0.5 33.1 2.1 < 6.8 < 0.2 1.4 < 0.3
(9%) (11%)

TS-117(2) -6.3, 450 0.3 31.7 0.6 < 6.8 0.2 1.4 < 0.3
(>100%) (>100%) (13%)

TS-118 -16, 424 1.1 29.9 2.4 < 17.0 < 0.4 1.6 < 0.1
-16, 437 (11%) (16%)

TS-119 -19, 408 2/2 0.9 39.1 1.7 < 21.0 < 0.5 1.6 < 0.2
-19, 437 (18%) (19%)

TS-120 -19, 379 1.8 < 8.3 < 0.3 1.2 < 0.3
-19, 408 (12%) (13%)

TS-121 -19, 350 2.1 < 17.0 < 0.4 1.6 < 0.1
-19, 379 (13%) (18%)

TS-150 78.5, 260.8 2.6 < 8.3 < 0.2 1.2 < 0.3
128.5, 260.8 (8%) (18%)



TABLE B-ll. TRENCH SAMPLES - COMPOSITES - (cont'd.)

LOCATIONa GROSS GROSS
SAMPLE X,Y IN SITUb ALPHA BETA PICO CURIE/GRAM
NO. (FEET) . CPM xE3 CPM CPM Ra-226 U-238 U-235 Th-232 Am-241

TS-151 128.5, 260.8 2.0 < 8.3 < 0.2 1.5 < 0.3178.5, 260.8 (11%) (15%)

TS-152 178.5, 260.8 2.0 < 8.3 < 0.2 1.3 < 0.3228, 260.8 (11%) (15%)

TS-153 228, 260.8 2.2 < 8.3 < 0.2 1.4 < 0.3278, 260.8 (10%) (14%)

TS-154 278, 260.8 2.0 < 8.3 < 0.2 1.4 < 0.3
328, 260.8 (11) (16%)

TS-159 300, 142 1.9 < 11.8 < 0.4 1.4 < 0.4
300, 152 (16%) (17%)

TS-160 280, 142 2.2 < 30.0 < 0.8 1.7 < 0.2
280, 152 (23%) (29%)

TS-161 260, 142 2.8 < 8.3 < 0.3 1.3 < 0.3
260, 153 (9%) (16%)

TS-162 240, 142 2.2 < 21.0 < 0.5 1.5 < 0.2
240, 152 (17%) (24%)

TS-163 214, 142 2.8 < 11.8 < 0.4 1.6 < 0.6
214, 152 (13%) (19%)
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TABLE B-ll

TRENCH SAMPLES-COMPOSITES - (cont'd.)

FOOTNOTES

aThe coordinate pairs give the locations of the two ends of the line along
which a sample was collected. For example, sample TS-1 was collected along
the line which has one end located at X,Y coordinate 240,150 and has the
other end at X,Y coordinate 240,180. The coordinate pair tells that the
line (the trench) is parallel to the Y axis (because both X coordinates are
the same). The difference between the Y coordinate (180-150) shows that
the length of the line for sample TS-1 was 30 feet.

bin situ measurements were taken with a collimated 2 mm-x 50 mm NaI(T£)
detector connected to a single channel analyzer and ratemeter. The analy-
zer was operated in the gross mode with the threshold set at 17 keV. The
number on the left side of the slash mark is the background count rate
measured when the detector was pointed up and held at about 2 meters above
the ground. The number on the right side of the slash mark is the count
rate measured with collimated detector at the soil surface.

CThe less-than values which are listed give the minimum detectable concen-
trations. (See Appendix F for discussion of minimum detectable concentra-
tions.) Errors (at 95% confidence level) given in percent are due to
counting statistics only.

dBased on peaks from radon (222Rn) daughters 214Bi (609, 1120, or 1764 keV),
and/or 214Pb (295 or 352 keV). It was assumed that 222Rn was at 50%
equilibrium with its parent (Ra-226) so the concentration of 226Ra was
twice that of the radon daughters.
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TABLE B-12. QUANTITY OF MATERIAL REMOVED DURING PHASE IIB

Truck Volume Weight
Item Loads Bins (ft3) (Pounds) Disposition

Contaminated Material
All non-TRU Low Specific Activity (LSA)

Soil 5 31 2,500 215,000 Nevada Test Site

2350 ft of pipe 2+ 15 1,200 90,000 Nevada Test Site
from I pad area

Railroad ties 2 160 8,300 Nevada Test Site

TOTALS 8 48 3,860 313,300

Clean Material

960 ft of pipe 1 - 400 Landfill
from east fence
line

Railroad ties 1 - 400 Salvage
and rails

Concrete 80 - 32,400 Landfill

Fuel oil 1 - 800 Gal. Salvage

Fuel tanks 2 - 400 Scrap

TOTALS 85 33,600+
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TABLE B-13. ESTIMATED QUANTITY OF RADIOACTIVITY
REMOVED FROM NBL-NJ AND SHIPPED TO
THE NEVADA TEST SITE DURING PHASE IIB

Radionuclide Activity (pCi)

241Am 8
238U 6,780

234U 6,780
235U 188

232Th 1,210

228Ac 1,210
226Ra 520

TOTAL 16,696
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TABLE B-14. GROUPING OF CERTIFICATION'SAMPLES USED
TO MAKE COMPOSITE CERTIFICATION SAMPLES

Composite IndividualC Location
Sample Samples in X,Y,Z In Situ
Number Composite (feet) CPM

CS-1 CER100-1 315, 255, 0 1717
CER101-1 315, 245, 0 1576
CER102-1 315, 235 Under water
CER120-1 305, 245, 0 2176
CER121-1 305, 255, 0 1492
CER122-1 295, 255, 0 1647
CER123-1 295, 245, 0 1692
CER431-1 315, 260, 0

CS-2 CER103-3 315, 225, Under water
CER104-2 315, 215, 0 2033
CER117-2 305, 215, 0 1642
CER118-2 305, 225, 0 1734
CER119-2 305, 235, 0 1873
CER124-2 295, 235, 0 1577
CER125-2 295, 225, 0 1749
CER126-2 295, 215, 0 1716

CS-3 CER105-3 315, 205, 0 1683
CER106-3 315, 195, 0 1641
CER107-3 315, 185, 0 1853
CER114-3 305, 185, 0 1796
CER115-3 305, 195, 0 1823
CER116-3 305, 205, 0 1807
CER127-3 295, 205, 0 1768
CER128-3 295, 195, 0 1883
CER129-3 295, 185, 0 1792

CS-4 T600-4 305, 180, 2 2012
T601-4 295, 180, 2 2164
CER108-4 315, 175, 0 1502
CER109-4 315, 165, 0 1816
CER110-4 315, 155, 0 1968
CER111-4 305, 155, 0 2064
CER112-4 305, 165, 0 2009
CER113-4 305, 175, 0 1854
CER130-4 295, 175, 0 1961
CER131-4 295, 165, 0 1982
CER132-4 295, 155, 0 1865

The remainder of this table is in Appendix B.
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TABLE B-14. GROUPING OF CERTIFICATION SAMPLES USED
TO MAKE COMPOSITE CERTIFICATION SAMPLES

(cont'd.)

Composite Individual Location
Sample Samples in X,Y,Z In Situ
Number Composite (feet) CPM

CS-5 CER133-5 285, 155, 0 1684
CER134-5 285, 165, 0 1882
CER135-5 285, 175, 0 2052
CER152-5 285, 185, 0 1633
CER153-5 275, 165, 0 1785
CER154-5 275, 155, 0 1966
CER155-5 265, 155, 0 1841
CER156-5 265, 165, 0 1700
CER157-5 265, 175, 0 1417
T602-5 285, 180, 2.0 2100
T603-5 275, 180, 2.5 2195
T604-5 265, 180, 2.5 1711

CS-6 CER136-6 285, 185, 0 1633
CER137-6 285, 195, 0 1674
CER138-6 285, 205, 0 1630
CER149-6 275, 205, 0 1008
CER150-6 275, 195, 0 977
CER151-6 275, 185, 0 2251
CER158-6 265, 185, 0 1461
CER159-6 265, 195, 0 1465
CER160-6 265, 205, 0 1490

CS-7 CER139-7 285, 215, 0 1564
CER140-7 285, 225, 0 1598
CER141-7 285, 235, 0 1579
CER148-7 275, 215, 0 921
CER146-7 275, 235, 0 1263
CER147-7 275, 225, 0 1104
CER161-7 265, 215, 0 1843
CER162-7 265, 225, 0 1877
CER163-7 265, 235, 0 1858

CS-8 CER142-8 285, 245, 0 1782
CER143-8 285, 255, 0 1742
CER144-8 275, 255, 0 1073
CER145-8 275, 245, 0 1063
CER164-8 265, 245, 0 1847
CER165-8 265, 255, 0 1848
CER432-8 265, 260, 0 -
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TABLE B-14. GROUPING OF CERTIFICATION SAMPLES USED
TO MAKE COMPOSITE CERTIFICATION SAMPLES

(cont'd.)

Composite IndividualC Location
Sample Samples in X,Y,Z In Situ
Number Composite (feet) CPM

CS-9 CER166-9 255, 255, 0 1787
CER167-9 255, 245, 0 1869
CER186-9 245, 245, 0 1797
CER187-9 245, 255, 0 1721
CER188-9 235, 255, 0 1887
CER189-9 235, 245, 0 1907
CER433-9 245, 260, 0

CS-10 CER168-10 255, 235, 2 2383
CER169-10 255, 225, 0 2180
CER170-10 255, 215, 0 2355
CER183-10 245, 215, 0 2296
CER184-10 245, 225, 0 1953
CER185-10 245, 235, 0 1917
CER190-10 235, 235, 0 1838
CER191-10 235, 225, 0 2229
CER192-10 235, 215, 0 2203

CS-11 CER171-11 255, 205, 0 2242
CER172-11 255, 195, 0 2237
CER173-11 255, 185, 0 1540
CER180-11 245, 185, 0 2419
CER181-11 245, 195, 0 2240
CER182-11 245, 205, 0 2363
CER193-11 235, 205, 0 2108
CER194-11 235, 195, 0 2343
CER195-11 235, 185, 0 2654

CS-12 CER174-12 255, 175, 0 1678
CER175-12 255, 165, 0 1822
CER176-12 255, 155, 0 1772
CER177-12 245, 155, 0 1715
CER178-12 245, 165, 0 1767
CER179-12 245, 175, 0 1876
CER196-12 235, 175, 0 2329
CER197-12 235, 165, 0 2410
CER198-12 235, 155, 0 1782
T605-12 255, 180, 2.5
T606-12 295, 180, 2.5
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TABLE B-14. GROUPING OF CERTIFICATION SAMPLES USED
TO MAKE COMPOSITE CERTIFICATION SAMPLES

(cont'd.)

Composite IndividualC Location
Sample Samples in X,Y,Z In Situ
Number Composite (feet) CPM

CS-13 CER199-13 225, 155, 0 1861
CER200-13 225, 165, 0 2447
CER201-13 225, 175, 0 2435
CER218-13 215, 175, 0 2142
CER219-13 215, 165, 0 2370
CER220-13 215, 155, 0 1811
CER221-13 205, 155, 0 2062
CER222-13 205, 165, 0 2087
CER223-13 205, 175, 0 2404
T607-13 205, 180, 2.5

CS-14 CER202-14 225, 185, 0 2579
CER203-14 225, 195, 0 1994
CER204-14 225, 205, 0 2142
CER215-14 215, 205, 0 2203
CER216-14 215, 195, 0 2264
CER217-14 215, 185, 0 2173
CER224-14 205, 185, 0 2049
CER225-14 205, 195, 0 1957
CER226-14 205, 205, 0 1941

CS-15 CER205-15 225, 215, 0 2216
CER206-15 225, 225, 0 1759
CER207-15 225, 235, 0 1594
CER212-15 215, 235, 1.5 2607
CER213-15 215, 225, 0 2035
CER214-15 215, 215, 0 1426
CER227-15 205, 215, 0 1808
CER228-15 205, 225, 0 1774
CER229-15 205, 235, 2 2590

CS-16 CER208-16 225, 245, 0 1904
CER209-16 225, 255, 0 1846
CER210-16 215, 255, 0 1686
CER211-16 215, 245, 0 1760
CER230-16 205, 245, 0 1731
CER231-16 205, 255, 0 1650
CER434-16 225, 260, 0
CER435-16 205, 260, 0
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TABLE B-14. GROUPING OF CERTIFICATION SAMPLES USED
TO MAKE COMPOSITE CERTIFICATION SAMPLES

(cont'd.)

Composite Individualc Location
Sample Samples in X,Y,Z In Situ
Number Composite (feet) CPM

CS-17 CER232-17 195, 255, 1 1601/1769
CER233-17 195, 245, 2 2009
CER252-17 185, 245, 0 1745
CER253-17 185, 255, 0 1751
CER254-17 175, 255, 0 1643
CER255-17 175, 245, 0 1777

CS-18 CER234-18 195, 235, 3 2051
CER235-18 195, 225, 3 2204
CER236-18 195, 215, 3 2320
CER249-18 185, 215, 0 1941
CER250-18 185, 225, 0 1745
CER251-18 185, 235, 0 1676
CER256-18 175, 235, 0 1756
CER257-18 175, 225, 0 1794
CER258-18 175, 215, 0 1900

CS-19 CER237-19 195, 205, 3.5 2482
CER238-19 195, 195, 3.5 1394/3592
CER239-19 195, 185, 3.5 3500
CER246-19 185, 185, 0 2142
CER247-19 185, 195, 0 2348
CER248-19 185, 205, 1 2034
CER259-19 175, 205, 0 1828
CER260-19 175, 195, 0 1905
CER261-19 175, 185, 0 2343

CS-20 CER240-20 195, 175, 0 1809
CER241-20 195, 165, +3 1997
CER242-20 195, 155, 0 2371
CER243-20 185, 155, 0 2084
CER244-20 185, 165, +5 1837
CER245-20 185, 175, +2 2132
CER262-20 175, 175, 0 1852
CER263-20 175, 165, 0 2021
CER264-20 175, 165, 0 1860

CS-21 CER265-21 165, 155, 0 1007
CER266-21 165, 165, 0 1023
CER267-21 165, 175, 0 1287
CER284-21 155, 175, 0 1085
CER285-21 155, 165, 0 1026
CER286-21 155, 155, 0 1059
CER287-21 145, 155, 0 1261
CER288-21 145, 165, +2 1069
CER289-21 145, 155, 0 1716
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TABLE B-14. GROUPING OF CERTIFICATION SAMPLES USED
TO MAKE COMPOSITE CERTIFICATION SAMPLES

(cont'd.)

Composite IndividualC Location
Sample Samples in X,Y,Z In Situ
Number Composite (feet) CPM

CS-22 CER268-22 165, 185, 0 1524
CER269-22 165, 195, 0 1041
CER270-22 165, 205, 0 947
CER281-22 155, 205, 0 867
CER282-22 155, 195, 0.5 916
CER283-22 155, 185, 0 1173
CER290-22 145, 185, 0 1101
CER291-22 145, 195, 1 1329
CER292-22 145, 205, 0 1099

CS-23 CER271-23 165, 215, 0 1005
CER272-23 165, 225, 0 980
CER273-23 165, 235, 0 1061
CER278-23 155, 235, 0 906
CER279-23 155, 225, 0 911
CER280-23 155, 215, 0 858
CER293-23 145, 215, 0 944
CER294-23 145, 225, 0 946
CER295-23 145, 235, 0 963

CS-24 CER274-24 165, 245, 0 1367
CER275-24 165, 255, 0 971
CER276-24 155, 255, 0 961
CER277-24 155, 245, 0 906
CER296-24 145, 245, 0 1024
CER297-24 145, 255, 0 1029

CS-25 CER298-25 135, 255, 0 1888
CER299-25 135, 245, 0 689
CER318-25 125, 245, 0 1129
CER319-25 125, 255, 0 840
CER320-25 115, 255, 0 1067
CER321-25 115, 245, 0 925

CS-26 CER300-26 135, 235, 0 913
CER301-26 135, 225, 0 1003
CER302-26 135, 215, +4 1060
CER315-26 125, 215, +8 1047
CER316-26 125, 225, 0 1015
CER317-26 125, 235, 0 1014
CER322-26 115, 225, 0 1162
CER323-26 115, 225, 0 1371
CER324-26 115, 215, +3 1147
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TABLE B-14. GROUPING OF CERTIFICATION SAMPLES USED
TO MAKE COMPOSITE CERTIFICATION SAMPLES

(cont'd.)

Composite IndividualC Location
Sample Samples in X,Y,Z In Situ
Number Composite (feet) CPM

CS-27 CER303-27 135, 205, 0 1179
CER304-27 135, 195, 2 1409
CER305-27 135, 185, 0 1093
CER312-27 125, 185, 0 1027
CER313-27 125, 195, 2 1136
CER314-27 125, 205, 0 1075
CER325-27 115, 205, +3 1084
CER326-27 115, 195, +2 1031
CER327-27 115, 185, 0 1085

CS-28 CER306-28 135, 175, O 1199
CER307-28 135, 165, +2 1100
CER308-28 135, 155, +8 1225
CER309-28 125, 155, +8 1228
CER310-28 125, 165, +2 1197
CER311-28 125, 175, 0 1047
CER328-28 115, 175, 0 1242
CER329-28 115, 165, +2 1273
CER330-28 115, 155, +8 1123

CS-29 CER331-29 105, 155, +2 1594
CER332-29 105, 165, 0 1199
CER333-29 105, 175, 0 1191
CER350-29 95, 175, 0 994
CER351-29 95, 165, 0 1255
CER352-29 95, 155, 0 1120
CER353-29 85, 155, 0 1077
CER354-29 85, 165, 0 1345
CER355-29 85, 175, 0 1193

CS-30 CER334-30 105, 185, 0 1016
CER335-30 105, 195, +4 1114
CER336-30 105, 205, +6 1176
CER347-30 95, 205, +3 912
CER348-30 95, 195, 0 1179
CER349-30 95, 185, 0 1567
CER356-30 85, 185, 0 1050
CER357-30 85, 195, 0 725
CER358-30 85, 205, 0 886

* C*
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TABLE B-14. GROUPING OF CERTIFICATION SAMPLES USED
TO MAKE COMPOSITE CERTIFICATION SAMPLES

(cont'd.)

Composite IndividualC Location
Sample Samples in X,Y,Z In Situ
Number Composite (feet) CPM

CS-31 CER337-31 105, 215, +8 993
CER338-31 105, 225, +9 1240
CER339-31 105, 235, +6 1217
CER344-31 95, 235, +3 1141
CER345-31 95, 225, +6 1236
CER346-31 95, 215, +6 1038
CER359-31 85, 215, 0 1073
CER360-31 85, 225, 0 1176
CER361-31 85, 235, 0 1125

CS-32 CER340-32 105, 245, 0 1043
CER341-32 105, 255, 0 933
CER342-32 95, 255, 0 1031
CER343-32 95, 245, +3 1223
CER362-32 85, 245, 0 1213
CER363-32 85, 255, 0 1097

CS-33 CER383-33 60, 260, 0 1040
CER384-33 60, 240, 0 954
CER385-33 60, 220, 0 1012
CER396-33 40, 220, 0 1003
CER397-33 40, 240, 0 1046
CER398-33 40, 260, 0 1003
CER404-33 20, 220, 0 697
CER405-33 20, 240, 0 1083
CER406-33 20, 260, 0 1024

CS-34 CER386-34 60, 200, 0 1053
CER387-34 60, 180, 0 1636
CER388-34 60, 160, 0 1130
CER393-34 40, 160, 0 953
CER395-34 40, 200, 0 1001
CER401-34 20, 160, +2 1077
T402-34 20, 180, 4 1219
CER403-34 20, 200, +2 1080
T408-34 40, 156, 4 1111
T409-34 24, 172, 3 1180
T410-34 4, 196, 3 1060
CER464-34 2, 160, 0.4 1500
CER465-35 44, 160, 0.4 1500



220

TABLE B-14. GROUPING OF CERTIFICATION SAMPLES USED
TO MAKE COMPOSITE CERTIFICATION SAMPLES

(cont'd.)

Compoiste IndividualC Location
Sample Samples in X,Y,Z In Situ
Number Composite (feet) CPM

CS-35 CER389-35 60, 140, +4 1089
CER390-35 60, 120, 0 940
CER391-35 40, 120, 0 871
CER392-35 40, 140, 0 886
CER399-35 20, 120, 0 821
CER400-35 20, 140, 0 826
T407-35 54, 140, 4 1275
CER463-35 12, 140, 0.4 1000

CS-36 T370-36 195, 135, 4 888
T371-36 175, 135, 4 1040
T372-36 155, 135, 4
T373-36 115, 135, 4

CS-37 T366-37 275, 135, 4 770
T367-37 255, 135, 4 699
T368-37 235, 135, 4 886
T369-37 215, 135, 4 804

CS-38 T364-38 315, 135, 4 1220
T365-38 295, 135, 4 840
T427-38 342, 135, 2
T428-38 342, 125, 2

CS-39 T374-39 342, 160, 4 955
T374-39 342, 190, 2 1318
T379-39 320, 175, 3 1195
T425-39 342, 183, 2
T426-39 342, 175, 2

CS-40 T376-40 342, 210, 2 995
T380-40 320, 210, 4 1165
T381-40 320, 230, 4 1306
T382-40 320, 230, 4 1189
T421-40 342, 240, 2
T422-40 342, 235, 2
T423-40 342, 225, 2
T424-40 342, 205, 2
T436-40 342, 215, 0

CS-41 T377-41 342, 245, 2 1241
T378-41 342, 260, 2 1431
T420-41 342, 250, 2
T430-41 325, 260, 0



221

TABLE B-14. GROUPING OF CERTIFICATION SAMPLES USED
TO MAKE COMPOSITE CERITIFICATION SAMPLES

(cont'd.)

Composite IndividualC Location
Sample Samples in X,Y,Z In Situ
Number Composite (feet) CPM

CS-42 CER509-42 40, 280, 0
CER510-42 40, 320, 0

CS-43 CER511-43 40, 360, 0
CER512-43 40, 400, 0

CS-44 T513-44 40, 441, 2
T514-44 60, 437, 4
T515-44 20, 444, 4

CS-45 CER497-45 120, 280, +2
CER498-45 120, 320, +8
CER507-45 80, 320, 0
CER508-45 80, .

CS-46 CER499-46 120, 360, 0 998
CER500-46 120, 400, 0 1111
CER505-46 80, 400, 0
CER506-46 80, 360, 0

CS-47 T501-47 120, 427, 4 1196
T503-47 100, 430, 4
T504-47 80, 434, 4

CS-48 CER495-48 160, 320, 5 1109
CER496-48 160, 280, 0 902

CS-49 CER493-49 160, 400, 0 1210
CER494-49 160, 360, 0 1137

CS-50 T492-50 160, 420, 4 1137
T502-50 140, 423, 4

CS-51 B480-51a 180, 280, 0 1033

CS-52 B470-52a 180, 304, 0 1343

CS-53 B469-53a 180, 320, 0 1018

CS-54 B467-54a 180, 400, 0 1105

CS-55 B468-55a 180, 416, 4 1267
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TABLE B-14. GROUPING OF CERTIFICATION SAMPLES USED
TO MAKE COMPOSITE CERTIFICATION SAMPLES

(cont'd.)

Composite IndividualC Location
Sample Samples in X,Y,Z In Situ
Number Composite (feet) CPM

CS-56 CER481-56 200, 280, 0 1013
CER482-56 200, 320, +4 1055
CER490-56 240, 320, 0 1116
CER491-56 240, 280, +6 1134

CS-57 CER483-57 200, 360, 0 1414
CER489-57 240, 360, 0 1233

CS-58 CER484-58 200, 400, 0 1191
T485-58 200, 413, 4 1384
T486-58 220, 409, 4
T487-58 240, 406, 4 1365
CER488-58 240, 400, 0 1161

CS-59 CER519-59 280, 320, 0 1098
CER520-59 280, 280, 1 1065

CS-60 CER518-60 280, 360, 0 1150
T522-60 300, 380, 5 1424

CS-61 T516-61 260, 402, 4
T517-61 280, 398, 4 1193
T537-61 288, 297, 5 1287

CS-62 T525-62 340, 320, 0 1090
T528-62 320, 320, 0 970
T529-62 320, 280, +8 1256
T530-62 340, 280, 0 1160
T531-62 320, 392, 0 969
T536-62 334, 328, 3 1311

CS-63 T523-63 312, 360, 4 1314
T524-63 322, 344, 3 1148
T526-63 340, 331, 3 1127
T527-63 328, 344, 2 1231
CER532-63 320, 392, 0 969
CER533-63 340, 360, 0 839
T535-63 334, 352, 3 1080

CS-64 T521-64 314, 294, 3 1084
CER534-64 340, 380, 0 775

CS-65 CER437-65 340, 20, 0.4 1500
CER438-65 340, 60, 0.4 1500
CER439-65 340, 100, 0.4 1500
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TABLE B-14 GROUPING OF CERTIFICATION SAMPLES USED
TO MAKE COMPOSITE CERTIFICATION SAMPLES

(cont'd.)

Composite IndividualC Location
Sample Samples in X,Y,Z In Situ
Number Composite (feet) CPM

CS-66 CER440-66 300, 20, 0.4 1500
CER441-66 300, 60, 0.4 1500
CER442-66 300, 100, 0.4 1500

CS-67 CER443-67 260, 20, 0.4 1500
CER444-67 260, 100, 0.4 1500

CS-68 CER445-68 220, 20, 0.4 1000
CER446-68 220, 60, 0.4 1500
CER447-68 220, 100, 0.4 1500

CS-69 CER448-69 180, 20, 0.4 1000
CER449-69 180, 60, 0.4 1000
CER450-69 180, 100, 0.4 1000

CS-70 CER451-70 150, 20, 0.4 1000
CER452-70 150, 60, 0.4 1000
CER453-70 150, 100, 0.4 1000

CS-71 CER455-71 60, 15, 0.4 1000
CER456-71 20, 15, 0.4 1000
CER457-71 10, 20, 0.4 1000

CS-72 CER459-72 2, 110, 0.4 1500
CER460-72 42, 110, 0.4 1500
CER461-72 82, 110, 0.4 1000
CER462-72 122, 110, 0.4 1000

T466b 5, 180, 7
-22, 180, 7

T538b -20, 240, 6

T539b -18, 344, 8

T540b -38, 456, 20

aBias samples. Characterization in 1978 showed low levels of contamination at
those locations.

bSamples taken outside the front fence in sanitary and storm sewer trenches.

CThe "T" prefix indicates that the sample was taken from a trench.



TABLE B-15. CERTIFICATION COMPOSITE SAMPLES

LOCATION GROSS GROSS hSAMPLE X,Y ALPHA BETA PICO CURIE/GRAM
NO. (FEET) CPM CPM Ra-226 g U-238 U-235 Th-232 Am-241 Pu-239/238

CS-1 310, 255 0.54 39.8 2.0 < 8.3 < 0.3 1.8 1.8 0.35/0.02
(10%) (15%)

CS-2 310, 225 0.58 34.8 1.7 < 6.8 < 0.2 1.7 < 0.2 0.09/0.02
(7%) (10% )

CS-3 310, 195 0.18 49.6 1.9 < 8.3 < 0.3 1.7 < 0.3 0.09/0.00
(10%) (10%)

CS-4 310, 165 0.38 59.2 2.1 < 8.3 < 0.3 1.7 < 0.3 0.04/0.02
(10%) (15%)

CS-5 280, 255 1.78 55.4 2.4 < 6.8 < 0.2 1.7 < 0.2 0.09/0.01
(6%) (10%)

CS-6 280, 225 0.38 45.4 1.7 < 8.3 < 0.3 1.8 < 0.3 0.08/0.02
(10%) (14%)

CS-7 280, 195 1.28 47.6 1.9 < 5.9 < 0.2 1.6 < 0.2 0.06/0.01
(7%) (12%)

CS-8 280, 165 0.88 48.8 1.9 < 8.3 < 0.3 1.6 < 0.3 0.14/0.03
(10%) (16%)

CS-9 250, 255 0.88 53.0 1.9 < 5.3 < 0.2 1.7 < 0.2 0.01/0.00
(6%) (9%)



TABLE B-15. CERTIFICATION COMPOSITE SAMPLES - (cont'd.)

LOCATIONa GROSS GROSS h
SAMPLE X,Y ALPHA BETAPICO CURIE GRAM

NO. (FEET) CPM CPH Ra-226g U-238 U-235 Th-232 Am-241 Pu-239/238

CS-10 250, 225 0.68 43.2 2.0 < 5.3 < 0.2 1.7 < 0.2 0.00/0.00
(5%) (10%)

CS-11 250, 195 0.68 53.0 2.4 < 5.3 < 0.2 1.9 < 0.2 0.00/0.00
(5%) (9%)

CS-12 250, 165 0.68 54.0 2.3 < 5.9 < 0.2 1.7 < 0.2 0.05/0.00
(6%) (12%)

CS-13 220, 255 1.12 53.6 2.9 < 8.3 < 0.3 1.8 < 0.3 0.04/0.01 e
(7%) (14%)

CS-14 220, 225 2.12 45.2 2.3 < 6.8 < 0.2 1.7 < 0.2 0.00/0.00
(7%) (12%)

CS-15 220, 195 3.12 49.0 2.1 < 6.8 < 0.2 1.7 < 0.2 0.01/0.00
(9%) (13%)

CS-16 220, 165 1.12 42.6 2.1 < 8.3 < 0.3 2.1 < 0.3 0.15/0.00
(10%) (13%)

CS-17 190, 255 1.12 40.6 2.1 < 8.3 < 0.3 1.8 < 0.3 0.00/0.00
(10%) (16%)

CS-18 190, 225 1.92 45.4 2.1 < 6.8 < 0.3 1.8 < 0.3 0.00/0.00
(8%) (13%)



TABLE B-15. CERTIFICATION COMPOSITE SAMPLES - (cont'd.)

LOCATIONa GROSS GROSS PIC CR AM h
SAMPLE X,Y ALPHA BETA U / AM

NO. (FEET) CPM CPM Ra-226g U-238 U-235 Th-232 Am-241 Pu-239/238

CS-19 190, 195 1.38 53.5 2.7 < 8.3 < 0.3 1.7 < 0.3 0.00/0.00
(9%) (19%)

CS-20 190, 165 1.22 61.9 2.7 < 6.8 < 0.3 1.9 < 0.3 0.03/0.01
(6%) (12%)

CS-21 160, 255 1.66 52.8 2.7 < 6.8 < 0.3 1.8 < 0.3 0.03/0.00
(6%) (13%)

CS-22 160, 225 1.50 53.8 2.4 < 8.3 < 0.3 1.7 < 0.3 0.04/0.00
(8%) (17%)

CS-23 160, 195 1.28 46.2 1.9 < 8.3 < 0.3 1.8 < 0.3 0.04/0.03
(10%) (10%)

CS-24 160, 165 1.0 43.5 1.9 < 8.3 < 0.3 1.8 < 0.3 0.02/0.00
(10%) (15%)

CS-25 130, 255 1.0 45.6 2.0 < 6.8 < 0.3 1.5 < 0.3 0.01/0.01
(8%) (16%)

CS-26 130, 225 1.08 42.9 2.3 < 6.8 < 0.3 1.8 < 0.3 0.04/0.00
(7%) (12%)

CS-27 130, 195 1.06 50.3 2.3 < 6.8 < 0.3 1.8 < 0.3 0.03/0.04
(7%) (11%)



TABLE B-15. CERTIFICATION COMPOSITE SAMPLES - (cont'd.)

LOCATIONa GROSS GROSS PICO C-IE/GRAM h
SAMPLE X,Y ALPHA BETAPICO CURIE/GRAM
NO. (FEET) CPM CPM Ra-2268 U-238 U-235 Th-232 Am-241 Pu-239/238

CS-28 130, 165 1.56 47.6 3.1 < 6.8 < 0.3 1.9 < 0.3 0.04/0.00
(6%) (12%)

CS-29 100, 255 1.62 58.3 2.6 < 6.8 < 0.3 1.8 < 0.3 0.04/0.00
(6%) (13%)

CS-30 100, 225 1.28 38.4 2.7 < 6.8 < 0.3 1.8 < 0.3 0.03/0.00
(6%) (13%)

CS-31 100, 195 1.04 50.6 2.0 < 6.8 < 0.3 1.6 < 0.3 0.02/0.02 6
(7%) (14%)

CS-32 100, 165 1.38 49.8 2.0 < 8.3 < 0.3 1.9 < 0.3) 0.05/0.02
(10%) (14%)

CS-33 30, 240 1.08 43.0 2.1 < 8.3 < 0.3 1.7 < 0.3 0.01/0.00
(9%) (15%)

CS-34 30, 180 0.86 45.9 1.9 < 6.8 < 0.3 1.7 < 0.3 0.05
(8%) (12%)

CS-35 30, 135 1.06 42.9 1.8 < 8.3 < 0.3 1.4 < 0.3 0.03/0.00
(8%) (14%)

CS-36 130, 135 1.28 52.3 2.4 < 8.3 < 0.3 1.5 < 0.3 0.03/0.00
(8%) (17%)



TABLE B-15. CERTIFICATION COMPOSITE SAMPLES - (cont'd.)

LOCATIONa GROSS GROSS h
SAMPLE X,Y ALPHA BETA PICO CURIE/GRAM
NO. (FEET) CPM CPM Ra-226g U-238 U-235 Th-232 Am-241 Pu-239/238

CS-37 250, 135 2.12 66.0 7.8 < 8.3 0.73 1.9 < 0.3 0.04/0.01
(15%) (44%) (14%)

CS-38 310, ]35 2.38 75.1 2.6 20.4 0.65 2.2 < 0.3 0.11/0.00
(56%) (40%) (50%) (10%)

CS-39 330, 175 1.88 58.4 2.2 < 8.3 < 0.3 1.8 0.64 2.09/0.09
(9%) (15%) (60%)

CS-40 330, 220 1.92 58.2 2.0 < 6.8 < 0.3 1.5 1.9 7.57/0.32
(8%) (14%) (17%)

CS-41 330, 255 1.72 61.8 2.2 < 8.3 < 0.3 1.7 0.52 0.91/0.03
(8%) (16%)

CS-42 20, 300 1.41 50.1 1.9 < 8.3 < 0.3 1.7 < 0.3 0.05/0.02
(10%) (14%)

CS-43 20, 370 1.29 47.6 1.9 < 6.8 < 0.3 1.5 < 0.3 0.10/0.02
(8%) (14%)

CS-44 20, 440 1.19 43.1 2.0 < 8.3 < 0.3 1.9 < 0.3 0.02/0.01
(9%) (13%)



TABLE B-15. CERTIFICATION COMPOSITE SAMPLES - (cont'd.)

LOCATIONa GROSS GROSS PICO CURIE/GRAM h
SAMPLE X,Y ALPHA BETA CU /GRAM
NO. (FEET) CPM CPM Ra-226 g U-238 U-235 Th-232 Am-241 Pu-239/238

CS-45 100, 300 1.41 55.9 1.9 < 8.3 < 0.3 1.5 < 0.3 0.02/0.01
(10%) (10%)

CS-46 100, 370 1.13 56.3 1.8 < 5.3 < 0.2 1.7 < 0.2 0.00/0.00
(5%) (8%)

CS-47 100, 430 1.18 51.4 1.9 < 8.3 < 0.3 1.8 < 0.3 0.27/0.03
(10%) (14%)

CS-48 150, 300 0.96 51.2 1.8 < 8.3 < 0.3 1.5 < 0.3 0.00/0.00
(10%) (17%)

CS-49 150, 370 1.2 52.2 1.7 < 8.3 < 0.3 1.4 < 0.3 0.02/0.02
(10%) (17%)

CS-50 150, 420 0.88 50.1 1.7 < 8.3 < 0.3 1.4 < 0.3 0.00/0.00
(11%) (18%)

CS-51(B) f 180, 280 1.18 45.5 1.5 < 8.3 < 0.3 1.3 < 0.3 0.01/0.00
(12%) (19%)

CS-52(B) f 180, 300 0.92 47.7 1.8 < 8.3 < 0.3 1.6 < 0.3 0.00/0.00
(9%) (15%)

CS-53(B) f 180, 320 0.8 56.3 1.7 < 8.3 < 0.3 1.5 < 0.3 0.00/0.00
(11%) (18%)



TABLE B-15. CERTIFICATION COMPOSITE SAMPLES - (cont'd.)

LOCATIONa GROSS GROSS h
SAMPLE X,Y ALPHA BETAPICO CURIE/GRAM
NO. (FEET) CPM CPM Ra-226g U-238 U-235 Th-232 Am-241 Pu-239/238

CS-54 180, 400 1.32 54.5 1.9 < 8.3 < 0.3 1.3 < 0.3 0.00/0.00
(10%) (20%)

CS-55 180, 420 1.42 57.4 1.8 < 6.8 < 0.3 1.7 < 0.3 0.00/0.00
(8%) (12%)

CS-56 410, 300 1.46 46.6 1.9 < 8.3 < 0.3 1.8 < 0.3 0.00/0.00
(10%) (14%)

CS-57 410, 360 1.33 65.9 2.0 < 6.8 < 0.2 1.7 < 0.3 0.00/0.00 o
(8%) (13%)

CS-58 410, 410 1.28 40.0 1.8 < 8.3 < 0.3 1.5 < 0.3 0.00/0.00
(9%) (17%)

CS-59 270, 300 1.16 52.6 1.8 < 8.3 < 0.3 1.6 < 0.3 0.09/0.00
(10%) (16%)

CS-60 270, 370 0.98 54.5 2.1 < 8.3 < 0.3 1.5 < 0.3 0.10/0.00
(9%) (18%)

CS-61 270, 410 1.04 56.3 1.6 < 8.3 < 0.3 1.6 < 0.3 0.14/0.00
(11%) (16%)

CS-62 320, 300 1.00 54.3 1.8 < 8.3 < 0.3 1.8 < 0.3 0.30/0.00
(10%) (13%)



TABLE B-15. CERTIFICATION COMPOSITE SAMPLES - (cont'd.)

LOCATIONa GROSS GROSS h
SAMPLE X,Y ALPHA BETA PICO CURIE/GRAM
NO. (FEET) CPM CPM Ra-226g U-238 U-235 Th-232 Am-241 Pu-239/238

CS-63 320, 370 1.20 36.4 1.7 < 8.3 < 0.3 1.7 < 0.3 0.00/0.00
(10%) (15%)

CS-64 320, 410 0.76 41.4 1.7 < 6.8 < 0.2 1.5 < 0.3 0.00/0.00
(8%) (14%)

CS-65 330, 60 0.66 39.3 1.9 5.8 < 0.1 1.5 < 0.2 0.00/0.00
(4%) (67%) (5%)

to
CS-66 300, 60 0.26 20.3 1.2 < 8.3 < 0.3 11 < 0.3 0.00/0.00

(14%) (17%)

CS-67 260, 60 1.12 38.6 1.9 < 8.3 < 0.3 1.4 < 0.3 0.00/0.00
(9%) (18%)

CS-68 220, 60 1.22 43.5 2.0 < 8.3 < 0.3 1.7 < 0.3 0.00/0.00
(10%) (14%)

CS-69 180, 60 0.76 32.0 1.8 < 6.8 < 0.2 1.4 < 0.3 0.00/0.00
(8%) (14%)

CS-70 150, 60 0.40 21.2 1.3 < 8.3 < 0.3 1.1 < 0.3 0.03/0.00
(12%) (18%)

CS-71 60, 10 0.72 29.3 1.7 < 2.9 < 0.1 1.3 < 0.1 0.00/0.00
(3%) (7%)



TABLE B-15. CERTIFICATION COMPOSITE SAMPLES - (cont'd.)

LOCATIONa GROSS GROSS h
SAMPLE X,Y ALPHA BETA PICO CURIE/GRAM
NO. (FEET) CPM CPM Ra-226g U-238 U-235 Th-232 Am-241 Pu-239/238

CS-72 60, 105 0.76 38.9 1.8 < 8.3 < 0.3 1.6 < 0.3 0.00/0.00
(10%) (10%)

CS-100b 280, 130 2.76 74.3 3.1 18.2 0.6 2.0 < 0.3280, 140 (55%) (40%) (54%) (106%)

CS-101C* 366, 135 2.64 81.8 2.2 30.8 0.7 2.0 < 0.3
(19%) (30%) (55%) (13%)

CS-200 390, 160 0.82 52.8 1.7 < 6.8 < 0.2 1.3 < 0.3 0.01/0.00390, 220 (9%) (17%)
420, 220
420, 160

ALG-le* 366, 135 1.32 84.9 0.00/0.00

*Not certification samples.
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TABLE B-15

CERTIFICATION COMPOSITE SAMPLES

FOOTNOTES

aThe coordinates given in the approximate center of the area from which the
certification samples were collected for the composite sample. It does not
mean that any sample was collected at that point. The coordinates of each
certification sample and the groups which make up each composite are also
given in Table B-14.

bApproximately 40 scoops of mud were scraped from the bottom of the "pond"
in the former railroad dock area and were composited in the field. The mud
samples were placed into a 5-gallon bucket and mixed. A sample was then
taken from the bucket.

CSample from southern most edge of the "pond" about 45 feet from the center
of the mud pile. This sample is outside the certified area.

dIn field composite sample from area east of mud pile. A small amount of
soil from this area was used as clean fill over the mud pile.

eAlgae sample from the "pond" about 45 feet from the center of the mud pile.

fBias Sample. Characterization in 1978 showed low levels of contamination
in that area.

Based on peaks from radon (222Rn) daughters 214Bi (609 1120, or 1764 keV),
and/or 214pb (295 or 352 keV). It was assumed that 222Rn was at 75% equil-
ibrium with its parent (Ra-226).

hThe less-than values which are listed give the minimum detectable con-
centrations. (See Appendix F for discussion of minimum detectable con-
centrations.) Errors (at 95% confidence level) given in percent are due to
counting statistics only.



TABLE B-16. RADIOACTIVITY CONCENTRATION IN INDIVIDUAL CERTIFICATION SAMPLES FOR SELECTED COMPOSITES

Composite Certification Location Gross Gross
Sample Sample X,Y,Z Alpha Betaico Curie/Gram c
Number Number (feet) CPM CPM Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

CS-40 330, 220 1.92 58.2 2.0 < 6.8 < 0.3 1.5 1.9 7.57/0.32
(8%) (14%) (17%)

T376-40 342, 210, 2 2.24/0.08

T421-40 342, 240, 2 7.47/0.25

T422-40 342, 235, 2 4.31/0.18

T423-40 342, 225, 2 18.48/0.78

T424-40 342, 205, 2 9.37/0.45

T436-40 342, 215, 2 10.18/0.44

T380-40 320, 175, 4

T381-40 320, 230, 4

T382-40 320, 240, 4



TABLE B-16. RADIOACTIVITY CONCENTRATION IN INDIVIDUAL CERTIFICATION SAMPLES FOR SELECTED COMPOSITES - (cont'd.)

Composite Certification Location Gross Gross
Sample Sample X,Y,Z Alpha Betaico Curie/Gram c
Number Number (feet) CPM CPM Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

CS-39 330, 175 1.88 58.4 2.2 < 8.3 < 0.3 1.8 0.64 2.09/0.09
(9%) (15%)

T374-39 342, 160, 4

T375-39 342, 190, 2

T379-39 320, 175, 3

T425-39 342, 183, 2 £

T426-39 342, 175, 2

CS-41 330, 255 1.72 61.8 2.2 < 8.3 < 0.3 1.7 0.52 0.91/0.03

T377-41 342, 245, 2 0.54/0.01

T378-41 342, 260, 2 0.52/0.00

T420-41 342, 250, 2 0.62/0.05

CER430-41 325, 260, 0 0.55/0.00



TABLE B-17. OFFSITE SOIL SAMPLES

Sample Pico Curie/Gram c
Number Ra-226 U-238 U-235 Th-232 Am-241 Pu-239/238

Offsite-1 1.4b < 5.3 < 0.2 0.96 < 0.2 0.03/0.00
(7%) (14%)

Offsite-2 2.1a < 5.3 < 0.2 1.5 < 0.2 0.07/0.00
(27%) (11%)

Offsite-3 1.6a < 5.3 < 0.2 1.4 < 0.2 0.00/0.00
(33%) (16%)

Offsite-4 2.2 a < 5.3 < 0.2 1.8 < 0.2 0.05/0.00
(19%) (9.4%)

57% of counts in 186 keV peak assigned to 226Ra.

Based on peaks from radon (222Rn) daughters, 214Bi (609, 1120, or 1764 keV), and/or 214Pb (295 or352 keV). It was assumed that Rn was at 75% equilibrium with its parent (Ra-226) so theconcentration of 226Ra was 1.33 times that of the radon daughters.

CThe less-than values which are listed gives the minimum detectable concentrations. Errors (at 95%confidence level) given in percent are errors due to counting statistics only.
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TABLE B-18. RADIATION EXPOSURE ON NBL-NJ SITE DURING PHASE IIB D&D

Total Exposure
Dosimeter Exposure Rate
Number Location mR* - mR/year

TLD-1 Guard Shack 51.18 66

TLD-2 Shop Trailer Not Recovered

TLD-3 Well A 61.58 80

TLD-4 East Fence (Delco Side) 67.66 88

TLD-5 Pin Oak Near Mud Pile 74.82 97

TLD-6 Bulletin Board in Lab Trailer 43.07 56

*All dosimeters were left in the field for 281 days (0.77 year).



TABLE B-19. ONSITE AND OFFSITE AIR SAMPLES

Sample Location Offsite Onsite Offsite
(Delco) (North) (Delco)

Sample Number ADEL-1 ANBL-2 ADEL-2

Sample Dates 6/17/83-7/7/83 7/7/83-7/25/83 7/7/83-8/1/83

Total Volume (m3) 14,562 11,273 17,904
~~~~~~~~~~~~Residue i~~~~(o^8) ~~ nConcentration Guides forResidue (g) 0.523 0.578 0.967 Uncontrolled Areaa

Concentrations in pCi x 10~6/m3 of Air

Strontium-90 206 ±80 57 ±30 228 ±134 30,000,000 w
Thorium-228 37.5± 2.9 51.9± 4.4 52.7± 2.7 200,000
Thorium-230 29.1± 2.4 40.0± 3.8 50.0± 2.6 80,000
Thorium-232 34.3± 2.5 47.7± 3.9 52.6± 2.6 1,000,000
Uranium-234 34.5± 2.3 41.9± 2.9 56.6± 3.3 4,000,000
Uranium-235 0.6± 0.9 0.3± 1.1 0.5± 1.0 4,000,000
Uranium-238 34.3± 2.3 39.1± 2.7 51.8± 3.3 5,000,000
Plutonium-238 <0.1 <0.1 <0.1 70,000,000
Plutonium-239 6.9± 0.8 6.5± 1.0 31.2± 1.4 60,000,000
Americium-241 <1.0 1.2± 3.0 <1.0 4,000,000

afrom DOE 5480.1A, August 13, 1981, "Environmental Protection, Safety, and Health Protection Standards".
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TABLE B-20. SAMPLE FROM HOT SPOT DISCOVERED DURING
CERTIFICATION SURVEY

PICO CURIE/GRAMa

Sample Location Ra-226 U-238 U-235 .Th-232 Am-241 Pu-239

No. X,Y,Z 238

HS-60 308, 0, 0.5 55.8b 12.5 < 0.04 1.8 < 0.19 0.04/0.00
1% 70% 13%

aThe less-than values which are listed give the minimum detectable

concentrations. (See Appendix F for discussion of minimum detectable

concentrations.) Errors (at 95% confidence level) given in percent are due to

counting statistics only.

bBased on peaks from radon (222Rn) daughters 214Bi (609, 1120, or 1764 keV),

and/or 2 14Pb (295 or 352 keV). It was assumed that 222Rn was at 50%

equilibrium with its parent (Ra-226) so the concentration of 226Ra was twice

that of the radon daughters.
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APPENDIX C

MONITORING WELLS

CONTENTS
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Table C-4
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TYPICAL TEST WELL CONSTRUCTION
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2' L --- LOCK
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Figure C-I. Typical Well Construction
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Figure C-2. Locations of Monitoring Wells on NBL-NJ Site
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TABLE C-1. LOCATIONS AND ELEVATIONS OF NBL-NJ
MONITORING WELLS

Location Elevations*
Well X,Y (Feet)
Name (Feet) Base of Well Top of Well Cap

A 240, 200 99.0 101.98

B 93.7, 144.3 97.9 99.84

C 38, 266 97.1 99.11

D' 268, 138 99.8 101.29

E 335.5, 210.4 99.3 101.10

F 277, 274.7 100.1 101.04

G 254.2, 386.4 99.7 101.97

H 282, 265 100.0 101.54

I 342, 12 107.2 109.29

J 489, 249 107.4 109.00

K 365, 139 100.5 102.75

L 459, 145 108.2 110.49

M 559, 212 109.4 111.61

*Elevations are referenced to U.S. Coast and Geodetic Survey and State Survey
Station No. 206A, located at the intersection of Route 27 and Osage Road in
North Brunswick, New Jersey. The elevation of station No. 206A as of
June 27, 1984, was 128.388 feet.
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TABLE C-2. WELL CONSTRUCTION DETAILS

Depth Depth Depth of Depth of
Total of 4 inch 4 inch Bentonite 6" Protective

Well Depth PVC Screen PVC Pipe Seal Pipe
Name (Feet) (Feet) (Feet)* (Feet) (Feet)*

A 19.0 17.9 to 2.9 2.9 to +2.1 - 3 to 2 2.8 to +3.0

B 15.0 15.0 to 5.0 5.0 to +2.0 - 5 to 4 2.8 to +1.9

C 18.1 18.1 to 3.3 3.3 to +1.8 - 4 to 2 3.0 to +2.0

D 14.5 14.5 to 4.5 4.5 to +1.5 - 5 to 4 3.4 to +1.6

E 15.0 15.0 to 5.0 5.0 to +1.8 - 5 to 4 3.0 to +1.8

F 13.8 13.8 to 3.8 3.8 to +1.3 - 4 to 3 3.7 to +0.9

G 13.0 13.0 to 3.0 3.0 to +1.0 - 3 to 2 3.0 to +2.3

H 14.8 14.8 to 5.0 5.0 to +1.0 - 5 to 4 4.0 to +1.5

I 20.2 20.2 to 5.0 5.0 to +2.0 - 5 to 4 3.0 to +2.1

J 19.3 19.3 to 5.0 5.0 to +1.3 - 5 to 4 3.7 to +1.6

D' 23.0 23.0 to 7.2 7.2 to +2.0 6.5 to 5.5 3.0 to +1.5

K 20.2 20.2 to 5.2 5.2 to +2.0 5.0 to 4.0 3.0 to +2.3

L 22.2 22.2 to 12.0 12.0 to +2.0 11.5 to 11.0 3.0 to +2.3

M 19.4 19.4 to 10.0 10.0 to +2.0 9.5 to 8.5 3.0 to +2.2

*The "+" sign indicates the height that the pipe extends above ground level.
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TABLE C-3. RADIOACTIVITY CONCENTRATIONS AND WATER
ELEVATIONS IN NBL-NJ MONITORING WELLS

Total Alpha Total Beta Total Water Elevation
Well Name (pCi/a) (pCi/2) Uraniuma (Feet)

SAMPLES COLLECTED ON 9/29/81

A 0.35 + .21 1.47 + .24
B 2.44 + .18 4.85 ± .30
C 2.04 ± .24 0.40 ± .13
D 6.10 + .67 5.51 + .28
E 1.1 ± .1 3.0 + .3 Not Measured
F 2.9 ± .3 3.2 ± .3
G 21.4 ± .8 27.2 ± .6
H 0.7 ± .2 2.9 ± .3
I 0.38 + .09 5.68 ± .35
J 0.58 ± .11 5.43 + .42

SAMPLES COLLECTED ON 11/12/81

A 0.95 + .20 1.86 + .3 95.3
B 0.6 ± .2 1.8 + .3 94.0
C 0.17 + .13 2.98 + .51 88.9
D 0.71 ± .13 5.18 + .59 95.9
E 1.01 ± .16 3.37 ± .30 98.2
F 0.6 ± .2 2.8 + .3 93.7
G 3.2 ± .2 5.9 ± .4 93.8
H 0.6 + .2 3.9 + .3 95.7
I 0.6 + .2 3.3 + .4 97.7
J 0.8 ± .1 3.6 ± .3 99.4

SAMPLES COLLECTED ON 3/10/82

A 1.18 ± .13 3.86 ± .33 96.1
B 1.16 ± .13 3.26 + .32 93.5
C 0.59 ± .10 2.49 + .31 90.2
D 0.25 + .09 2.26 ± .32 96.2
E 0.36 ± .09 4.03 ± .33 99.6
F 0.22 ± .08 2.46 + .31 95.5

G1.28 ± .14 *4.10 ± .31 9
0.42 + .18 3.04 + .32

H 0.22 ± .08 2.94 ± .31 97.8
I 0.03 ± .08 1.12 ± .32 99.3
J 0.14 + .08 2.76 ± .32 101.2

ControlC 0.85 ± .13 3.34 ± .33

*Sample taken before pumping out well
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TABLE C-3. RADIOACTIVITY CONCENTRATIONS AND WATER
ELEVATIONS IN NBL-NJ MONITORING WELLS - (cont'd.)

Total Alpha Total Beta Total Water Elevation
Well Name (pCi/Q) (pCi/Q) Uraniuma (Feet)

SAMPLES COLLECTED ON 5/26/82

A 0.67 ± .12 2.52 + .27 <3.5 x 10-2 95.2
B 2.62 ± .17 3.24 + .29 6.7 x 10 2 93.1
C 1.40 + .13 2.23 + .28 6.0 x 10' 2 89.1
D 1.32 ± .14 2.51 ± .28 <3.5 x 10-2 96.0
E 1.03 ± .12 2.54 ± .27 <3.5 x 10 2 98.8
F 0.47 ± .09 2.07 ± .37 6.3 x 10'2 94.5
G 3.52 ± .22 3.59 ± .35 1.23 x 10'1 94.5
H 0.53 + .11 1.68 + .31 4.9 x 10 2 96.6
I 0.24 + .06 1.34 + .28 6.3 x 10-2 98.5
J 0.37 ± .10 2.06 ± .29 <3.5 x 10 2 100.4

ControlC 0.77 + .13 3.00 ± .31 <35 x 102

SAMPLES COLLECTED ON 8/25/82

A 0.37 ± .11 8.02 ± .32 94.5
B 1.18 + .14 2.83 ± .32 92.5
C 0.46 + .11 2.77 ± .32 88.4
D 1.31 ± .16 3.25 ± .36 95.5
E 0.70 ± .14 2.83 ± .32 97.6
F 0.45 ± .12 2.32 ± .33 93.8
G 8.99 + .45 5.28 ± .39 93.3
H 0.86 + .16 3.6 + .36 95.1
I 1.18 ± .12 6.47 ± .36 97.1
J 0.36 ± .09 2.80 ± .31 99.2

Control¢ControiC 0.69 ± .14 2.55 + .37

SAMPLES COLLECTED 11/18/82

A 0.48 ± .12 2.33 ± .19 95.1
B 1.63 ± .08 4.31 ± .21 93.0
C 0.49 ± .08 2.98 ± .21 89.1
D 1.38 ± .14 3.09 ± .22 95.7
E 0.96 ± .12 3.58 ± .22 98.2
F 0.70 ± .14 2.47 ± .42 94.0
G 8.65 ± .32 7.14 ± .28 94.0
H 0.78 ± .11 3.03 + .19 95.9
I 5.18 ± .29 5.98 + .24 97.9
J 0.57 ± .10 2.27 + .10 100.1

Control o0.16 + .05 2.85 ± .23
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TABLE C-3. RADIOACTIVITY CONCENTRATIONS AND WATER
ELEVATIONS IN NBL-NJ MONITORING WELLS - (cont'd.)

Total Alpha Total Beta Total Water Elevation
Well Name (pCi/A) (pCi/A) Uraniuma (Feet)

SAMPLES COLLECTED 3/2/83

A 1.12 ± .15 3.64 ± .21 96.0
B 1.45 + .16 3.32 + .23 93.5
C 0.81 ± .11 2.08 ± .20 89.6
D 1.68 ± .16 3.77 + .21 95.7
E 1.47 ± .16 3.09 + .21 99.0
F 0.77 ± .11 2.39 ± .19 94.9
G 3.39 ± .22 4.24 ± .26 94.8
H 0.74 ± .10 3.00 + .18 96.9
I 0.69 + .07 2.39 + .16 98.7
J 0.81 ± .10 2.70 ± .18 101.3

ControlC 0.13 ± .04 1.49 + .17

SAMPLES COLLECTED ON 6/10/83

A 6.39 ± .3 7.47 + 0.3 95.6
B 8.44 ± 0.3 8.93 ± 0.3 93.2
C 2.68 ± 0.2 3.92 ± 0.2 89.1
D 3.91 ± 0.3 6.09 ± 0.3 95.6
E 2.15 ± 0.2 4.09 ± 0.2 98.3
F 0.50 ± 0.1 1.67 + 0.2 94.2
G 3.48 ± 0.2 4.33 + 0.2 94.3
H 1.45 + 0.1 3.63 + 0.3 96.0
I 0.29 + 0.1 1.47 + 0.2 98.5
J 0.47 + 0.1 2.25 + 0.2 100.7

ControlC 2.15 ± 0.2 3.45 ± 0.2

SAMPLES COLLECTED 9/02/83

A 1.4 ± 0.2 4.0 + 0.3 95.4
B 10.4 + 0.4 14.1 + 0.5 93.1
C 0.6 + 0.1 3.7 + 0.4 89.2
D 5.6 + 0.4 8.5 + 0.5 95.4
E 1.3 + 0.2 3.0 + 0.3 98.1
F 0.6 + 0.1 2.3 ± 0.2 93.9
G 7.9 + 0.4 8.0 + 0.3 93.9
H 1.6 + 0.2 3.1 + 0.2 95.7
I 0.6 + 0.1 2.2 + 0.2 97.0
J 1.2 ± 0.1 2.2 + 0.3 99.5

Controlc 0.1 + 0.1 2.8 ± 0.2
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TABLE C-3. RADIOACTIVITY IN CONCENTRATIONS AND WATER
ELEVATIONS IN NBL-NJ MONITORING WELLS - (cont'd.)

Total Alpha Total Beta Total Water Elevation
Well Name (pCi/2) (pCi/a) Uraniuma (Feet)

SAMPLES COLLECTED ON 12/07/83

A 2.0 ± .2 5.6 ± .2 97.1
B 2.8 ± .1 6.0 + .3 95.5
C 2.0 ± .2 4.7 ± .3 90.8
D ---------------REMOVED----------------
E 1.5' ± .2 4.2 ± .3 97.4
F 1.0 + .1 3.4 ± .2 96.5
G 3.5 ± .2 5.1 + .3 96.3
H 0.7 + .1 2.7 + .2 97.7
I 0.5 ± .1 3.3 ± .2 99.4
J 0.6 + .1 3.1 ± .2 99.5

ControlC 13.6 ± .4 9.3 ± .3

SAMPLES COLLECTED 3/16/84

A 1.8 ± .2 3.4 ± 0.3 97.8
B 2.4 ± .2 3.2 ± 0.3 95.8
C 1.1 + .2 3.2 ± 0.3 91.0
D ----------------REMOVED--------------
E 1.5 + 0.2 3.9 ± 0.3 100.6
F 0.9 + 0.1 2.7 + 0.3 97.4
G 3.5 + 0.3 3.3 ± 0.3 96.9
H 0.8 + 0.1 2.7 + 0.2 98.8
I 0.3 ±0.1 2.7 + 0.2 99.6
J 0.8 ± 0.1 2.6 ± 0.2 101.8

Controlc 0.7 + 0.1 2.2 + 0.3
"Pond"
Waterb 12.0 + 0.5 5.3 + 0.3

aTotal uranium determined by laser fluorescence.

bFrom water-filled excavation along former I Building dock area.

CControl samples taken from offsite drinking water well on Wood Avenue in North
Brunswick, New Jersey.
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TABLE C-4. RADIOACTIVITY CONCENTRATIONS AND WATER
ELEVATIONS IN NBL-NJ MONITORING WELLS

Total Alpha Total Beta Water Elevation
Well Name (pCi/£) (pCi/2) (Feet)

SAMPLES COLLECTED ON 6/28/84

A 0.7 ± 0.2 0.7 ± 0.2 95.9
B 0.9 ± 0.3 3.0 ± 0.4 93.6
C 0.7 ± 0.2 2.4 ± 0.4 89.4
D 1.1 ± 0.4 3.2 ± 0.4 96.0
E 0.4 ± 0.2 2.7 ± 0.3 96.1
F 0.2 ± 0.2 2.0 ± 0.4 94.8
G 2.7 ± 0.4 4.5 ± 0.5 94.6
H 0.7 ± 0.3 3.1 ± 0.4 95.7
I 0.8 ± 0.2 2.5 ± 0.3 91.4
J 0.3 ± 0.2 2.4 ± 0.3 98.0
K 0.6 ± 0.2 2.2 ± 0.3 97.8
L 99.8 ± 1.0 28.4 ± 0.9 97.9
M 0.6 ± 0.2 5.1 ± 0.4 98.1

Controlc 0.2 ± 0.1 2.7 ± 0.3

Control sample taken from offsite drinking water well on Wood Avenue in North
Brunswick, New Jersey.
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APPENDIX D.

HYDROLOGIST REPORT
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ARGONNE 2
NATIONAL
LABORATORY INTRA-LABORATORY MEMO

January 13, 1984

To: R.A. Wynveen, OHS

From: S.Y. Tsai, ER /d gyite--'

Subject: Hydrogeological Characterization for New Brunswick Laboratory -
New Jersey Site

The enclosed brief report documents my preliminary characterization of
the hydrogeologic conditions at the New Brunswick Laboratory site and my
response to your concern regarding the potential ponding problem at the site
after reclamation.

The hydrogeologic characterization contained in this report is based on
the results of my field investigation on November 28, 1983, and the borehole
logging and water-well data made available to me by M.J. Robinet of the OHS
Division. My recommended approach for backfilling the excavated area (which
is currently filled with water) to prevent any future ponding is also included
in the report.

If you should have any questions about the report or if I can be of
further assistance, please let me know.

End.

cc: A.J. Dvorak, ER
M.J. Robinet, OHS
R.W. Vocke, ER

AL->2* I1-t4)
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Hydrogeological Characterization for
New Brunswick Laboratory - New Jersey Site

Steve Y. Tsai
Environmental Research Division

January 1984

The New Brunswick Laboratory site in New Jersey appears to be located

above the Triassic sandstone and shale formation. Three types of materials

generally occur within this formation: overburden, weathered bedrock, and

bedrock.

The overburden materials can be divided into two units: an upper unit

consisting of a gray and brown silty, sandy clay with a high organic content

and a lower unit consisting of a red-brown clayey, silty, fine-to medium-

grained sand. The weathered bedrock consists of a clay layer formed by weather-

ing of the upper several feet of shale bedrock. This weathered shale is a

reddish-brown, soft to very soft clay containing sand-sized fragments of less

weathered shale. The bedrock consists of the Triassic Brunswick shale forma-

tion. It is a red-brown, fairly soft rock that is moderately to highly

fractured. The formation is horizontally bedded and becomes harder with

depth.

In September 1981, ten test wells were drilled at various locations

around the New Brunswick site (Fig. 1). The depth of these wells ranged from

13 to 20 feet. Soil and water samples were collected from these test wells.

Analysis of the soil samples (Kendrick Drilling, Inc., 1981) generally revealed

the same stratigraphy as that described above.
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Figure 1. Location of Water Wells at New Brunswick Laboratory Site.
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The static water levels in the wells have been measured periodically

since November 1981 and are summarized in Table 1. (The elevations listed in

Table 1 are relative to a fixed point on the site arbitrarily designated as

having an elevation of 100 feet.) Examination of these data indicates that

groundwater levels fluctuate seasonally, reaching the maximum in March and

minimum in September. However, the fluctuations are generally less than

three feet. Seasonally averaged water levels are also shown in Table 1. I

have delineated groundwater contours and flow direction at the site (Fig. 2)

on the basis of these averaged water levels. The results indicate that ground-

water under the New Brunswick site flows toward the northwest with a fairly

steep hydraulic gradient.

Comparison of the water surface elevation (measured as 96.9 feet) in the

existing pond on the site to the water levels measured in the wells (see

Fig. 2) suggests that the water level in the pond reflects the existing ground-

water levels at the site. During my field investigation on November 28, 1983,

I observed seeps coming from the upstream embankment of the pond. Because the

groundwater levels at the upstream end of the pond, as indicated in Figure 2,

are much higher than the existing pond water level, it is apparent that the

seepage into the pond is part of the groundwater flow at the site.

Therefore, based upon my field observations and the preliminary analysis

presented above, I conclude that because of the high groundwater level at the

New Brunswick site and the depth of the excavation, ponding problems are to be

expected under the pre-reclamation conditions.



Table 1. Summary of Water-Well Data at New Brunswick Laboratory Site.

Ground 2Water Elevationt2 (ft) in Wells on Specified DatesElevationt 2
Well No.tl (ft) 11/11/81 3/9/82 5/25/82 8/24/82 11/17/82 3/1/83 6/9/83 9/1/83 11/29/83 Average

A 102.7 97.9 98.5 97.6 96.9 97.5 98.4 97.9 97.8 99.2 98.0
B 100.3 96.4 95.9 95.5 94.9 95.4 95.9 95.6 95.5 97.2 95.8
C 99.5 -91.3 92.6 91.5 90.8 91.5 92.0 91.5 91.6 93.1 91.8
D 101.2 98.3 98.6 98.4 97.9 98.1 98.1 98.0 97.8 -t3 98.2
E 103.6 100.6 102.0 101.2 100.0 100.6 101.4 100.7 100.5 101.9 101.0
F 101.6 96.1 97.9 96.9 96.2 96.4 97.3 96.6 96.3 98.5 96.9
G 101.9 96.2 97.8 96.9 95.7 96.4 97.2 96.7 96.3 98.2 96.8
H 102.2 98.1 100.2 99.0 97.5 98.3 99.3 98.4 98.1 99.9 98.8
I 109.7 100.1 101.7 100.9 99.5 100.3 101.1 100.9 99.4 101.6 100.6
J 111.6 101.8 103.6 102.8 101.6 102.5 103.7 103.1 101.9 103.1 102.7

tP See Figure 1 for well locations.
t2 Elevations are relative to a fixed point on the site designated as 100 feet.
t3 Well D has been eliminated.

NOTE: True elevation (feet) = relative elevation (feet) - 2.4 feet
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Figure 2. Groundwater-Level Contours at New Brunswick Laboratory Site.
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However, if the excavated area is properly backfilled to the natural ground

elevation, such problems should be eliminated. The following procedures are

recommended for backfilling the excavated area:

1. Pump water out of the pond constantly during the backfilling operation.

2. Begin backfilling from the downstream end of the pond (near well B).

3. Suspend operations after about half of the pond has been backfilled and

monitor the pond water elevation for at least one day.

4. Complete backfilling of the excavated area if the monitoring does not

indicate a significant increase in the water level of the pond. (If a

significant increase in water level is detected, the backfilling opera-

tions should be halted and the procedure reevaluated.)

Reference

Kendrick Drilling, Inc. September 1981. Reports on soil identification and

characterization from New Brunswick Laboratory--New Jersey site, test

wells A-J.
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APPENDIX E.

OFFSITE DRAINS
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Figure E-l. Locations of Sewer and Stream Samples



265

APPENDIX E

OFFSITE DRAINS

After Phase IIA was completed, questions were raised about the extent of

radioactive contamination in offsite sanitary and storm sewer drain lines.

Pre-D&D investigations had indicated that onsite sanitary sewer lines were

contaminated and that low levels of contamination were also found in an offsite

storm drain catch basin. Based on these findings, it was decided that ANL

should do a more extensive investigation of offsite and onsite drains to better

define the extent of the contamination.

Samples were taken from the offsite sanitary sewer line (upstream and down-

stream) in six manholes along Jersey Avenue (see Fig. E-l). Two samples were

also taken from the onsite sanitary sewer lines at about 50 feet from their

connections to the city main. One sample was from the line from the former I

Building and the other was from the line of the former A Building.

Samples were taken from the storm sewer lines at four offsite catch basins and

at three points onsite (two catch basins and one manhole). The locations of

storm sewer samples are shown in Figure E-1.

The storm sewer emptied into an outfall about 8 mile from the NBL-NJ site (see

Fig. E-1). Sediment and water were taken at the outfall and at 10 locations

along the stream.
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Most of the collected samples were analyzed for radioactivity per gram of un-

dissolved solids (scrapings and filterable suspended solids). Some samples were

also analyzed for activity in dissolved solids per mL of water. A few samples

from the stream were also analyzed for non-radioactive metals such as arsenic,

barium, cadmium, etc.

The results of the radioactivity analyses of samples from the sanitary sewer

lines are listed in Table E-I, and that from the storm sewer lines are listed in

Table E-2. The data show that there is measurable radioactive contamination in

the offsite sanitary sewer line (primarily at sample location number 210) and in

the offsite storm sewer (primarily at sample location number 260) at concentra-

tions which are above that normally found in the natural environment (see Table

B-7 for typical background concentrations in soil and water). The data also

show that the activity is primarily associated with undissolved solids. The

activity in dissolved solids per ma of water was at background levels at all

sampling points.

When samples were collected, especially in manholes, the area sampled was

surveyed with a portable radiation survey instrument. Only at sample locations

200 and 210 (in sanitary sewer) was the contamination detectable with the

portable instrument. At sample location 200, which is onsite, the section of

pipe removed to obtain a sample was disposed of as radioactive waste. At sample

location 210, an offsite sanitary sewer manhole, there was detectable contami-

nation around a broken sewer tile (12" in diameter open top vitrous tile) at the

base of the manhole. Scrapings from this tile showed the highest offsite

activity concentration.
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The activity concentrations in the stream connected to the storm sewer outfall

were essentially the same as that found in the natural environment. The results

of stream sample analyses are listed in Table E-3.

The implication of the findings as of 1982 is that, although there is definitely

above background concentrations of radioactivity in the offsite sanitary line

and in the offsite storm drain, the contamination is not at levels which would

be a serious threat to the public or the environment. It must be noted, however,

that the total activity which could be trapped under the broken tile at sample

location number 210, or at other inaccessible points in the line, is unknown.

The fact that the activity concentrations in the stream are at background levels

suggest that the remaining contamination in the storm sewer line is probably not

very mobile and that the stream has already diluted or cleaned itself of past

contamination.

The results of analyses of stream samples for the concentration of non-

radioactive elements which are usually of concern in water quality are listed in

Table E-4. The results for all elements, except that for iron at sample loca-

tion 290, are within the acceptable limits listed in Table E-5.



TABLE E-l. SANITARY SEWER SAMPLES

PICO CURIES/GRAN OF UNDISSOLVED SOLIDS a
PICO CURIES IN DISSOLVED SOLIDS/.m OF SOLUTION

Sample Collection
Location Date Ra-226 Total U U-235 Th-232 Np-237 An-241 Pu-239/238
200- 5/25/82 342 ±34 6490 462 t150 815 ±82 7 37 93±5/41±5

200C 5/25/82 3.3 40.8 < 0.06 2.5 12.1±3.10.08± .02 6.28-5 < 0.01 E-5 8E-5/IE-5

2 10d 5/25/82 4.56± .05 16.2e 66 ±20e
128 ±13 35 0.6 3.6/27< 0.01 - -

210 f
5/25/82 0.34± .03 0.8 0.22 .11 5.14 .05 - 0.7 0.05/0.0060.21± .02 1.5E-4 - < 0.01 - < 5E-5 <3E-5/<2E-5

230 5/25/82 1.80 6.84 0.17 2.27 - 1.19 .11 3.19±.22/0.52±.040.02t .01 1.58-4 < 0.01 0.03± .02 - I.E-3 <3E-5/<3E-5
240 5/25/82 < 0.09 0.2 - 0.27 - <0.01 <0.01/0.01< 0.01 1.5E-4 5.28-5 0.03± .02 - <5E-5 <3E-5/<3E-
250 5/25/82 1.13 13.4 0.18 2.31 -0.11 0.04/0.310.09± .03 58-3 < 0.01 0.29± .09 1E-4 3.88-2/3.88-2
330 5/25/82 < 0.02 0.38 < 0.01

0.09t .09 1.5E-3 < 0.01 0.05± .02 - <1E-5 <7E-4/<7E-4
340 5/25/82 2.86 1.57

0.69± .07 0.16 0.04± .02 - <1-4 1E-5/1.4E-4
350 5/25/82 0.86 1.26 0.05 0.002±.002 0.004±.002/<0.02< 0.01 7E-4 - 0.26t .08 <5-4 68-3/0.12

aThe first line for each sample location gives the activity per gram of undissolved (filtered) solids and the second line gives theactivity in dissolved solids (liquid filtrate) per ml of solution.

Scrapings from 5-ft sections of sewer pipe at about 50 ft from connection to city main on the NBL site.

CWater which ran out of sanitary sewer line when 5-ft section was removed.

dscraping from broken tile at bottom of manhole.

eThere is an unresolved discrepancy between the shown concentration of total U and that of 235U.

fRandom samples of sludge Irom manhole.



TABLE E-2. STORM SEWER SAMPLES

PICO CURIES/GRAI OF UNDISSOLVED SOLIDS
PICO CURIES IN DISSOLVED SOLIDS/mI OF SOLUTION

Sample Collection
Location Date Ra-226 Total U U-235 Th-232 Np-237 Am-241 Pu-239/238

280 5/25/82 0.62 268.33 -54 0.361.07 0.91±.2/0.58+.15
< 0.1 0.044 - 0.03f.02 - <3E-5 <3E-5/<3E-5

270 5/25/82 1.38 35.39 0.30 1.43 -0.28 1.72/0.08
0.05± .02 2.8E-3 .03+ .02 < 0.01 - <3E-5 <2.8E-5/<2.8E-5

300 5/25/82 - 0.70 - 0.74±.02 -0.034±.006 0.002±.001/<0.001 t
0%

220 5/25/82 1.63 30.69 0.30 1.15 - 5.04 2.13/0.15
< 0.01 0.60 - < 0.01 - <SE-4 1.3E-3/5E-4

260 5/25/82 <10 99.61 15 <30 - <1.25 <1.25/<1/25

310 5/25/82 0.44 1.1 0.02 - - 0.002±.002 <0.001/0.002±.002

'The first line for each sample location gives the activity per gram of undissolved (filtered) solids and the second line gives the
activity in dissolved solids (liquid filtrate) per tl of solution.



TABLE E-3. STREAM SAMPLES

PICO CURIES/GRAM OF UNDISSOLVED SOLIDS a
PICO CURIES IN DISSOLVED SOLIDS/at OF SOLUTION

Sample Collection
Location Date Ra-226 Total U U-235 Th-232 Np-237 Am-241 Pu-239/238

290 5/25/82 - > 151 b - - < 2.0 < 9.0/<3.0
0.04± .02 8.8E-4 -- - <4E-5 <SE-5/<5E-5

290 11/18/82 - .8 bto -. 77t .02 - 0.021±.003 .005 to 0.036
1.9"

500 11/18/82 - 0.7 to - 0.74± .02 - 0.34 ±.006 0.004 to 0.076
2.0 c

530 11/18/82 - 0.8 - - - 0.003 0.017

580 11/18/82 - 0.8 - - - 0.003 0.013

590 11/18/82 - 1.0 - - - 0.005 0.020

400 d 11/18/82 - 1.6 - - - 0.008 0.021

aThe first line for each sample location gives the activity per gram of undissolved (filtered) solids and the second line gives the
activity in dissolved solids (liquid filtrate) per mg of solution.

bAnalysis of samples taken at the storm sewer outfall on May 25, 1982, initially implied that the concentration of total uranium was
significantly above background concentrations for the NBL area. However, because the sample size was very small and the estimated
total activity was near the detection limit of the analytical technique, the interpretation of the result was considered questionable.
To resolve this uncertainty, six additional samples were taken on November 18, 1982, at the same location and at other points in the
stream. The range of total U concentrations for the November 18, 1982, samples were typical of that usually found in the natural
environment and are essentially the same as that found in the control sample taken at location number 400.

Range of values for six samples taken from the same area.

dcontrol soil sample taken from bank of stream (beyond maximum rise of stream).



TABLE E-4. STREAM SAMPLES
(Collected 11/18/82)

Sample Water Quality: Average Concentration in *g/Liter
Location Ag As Ba Cd Cu F Fe Hn Ni Pb Se Zn

-290 0.002 0.1350 0.0016 0.0070 0.350 28.300 5.030 0.0180 0.0070 0.0880

540 a 0.002 0.0100 0.2884 0.0002 0.0028 0.0021 0.1120 0.1000 0.0550 0.0050 0.0010 0.0050 0.0200

540 0.0002 0.0050 0.1880 0.0002 0.0150 0.0080 0.1020 0.7200 0.2480 0.0100 0.0030 0.0050 0.0250

592 0.0002 0.0050 0.2010 0.0003 0.0060 0.0780 0.1520 0.5800 0.7670 0.0090 0.0040 0.0050 0.0320

asample at outlet of 18-in pipe before water enters stream. '

bsample taken from stream.

CThe values listed are the total elemental concentrations. The concentration of chromium is the total of chromium (VI) and
chromium (111).
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TABLE E-5. TYPICAL WATER QUALITY STANDARDS*

Concentrations in mg/ma
Constituent Stream Effluent

Ammonia Nitrogen (as N) 1.5 2.5 (April - October)
4.0 (November - March)

Arsenic 1.0 0.25

Barium 5.0 2.0

Cadmium 0.05 0.15

Chromium (VI) 0.05 0.3

Chromium (III) 1.0 1.0

Copper 0.02 1.0

Cyanide 0.025 0.025

Fluoride 1.4 15

Iron 1.0 2.0

Lead 0.1 0.1

Manganese 1.0 1.0

Mercury 0.0005 0.0005

Nickel 1.0 1.0

pH 6.5-9.0 5.0-10.0

Selenium 1.0 1.0

Silver 0.005 0.1

Sulfate 500

Total Dissolved Solids 1000

Zinc 1.0 1.0

*Used by Illinois Water Pollution Control Board.
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APPENDIX F

RADIOACTIVITY SAMPLE ASSAY PROCEDURES
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ACTIVITY QUANTIFICATION

A high purity Germanium detector (25% efficiency at 1.33 MeV of

60Co) in association with a Canberra Series 80 Multichannel

Analyzer System was employed for gamma-ray analysis of the soil

samples. The detector was placed in a lead cave to reduce the

external background.

Samples were dried, milled and sieved before being analyzed. A

hundred grams of prepared sample were placed in an 8-oz nalgene

bottle and sealed prior to analysis. The principal expected

contaminants in the samples were the U-238, U-235, and Th-232

chains and 241Am. The decay series of 238U, 23sU and 232Th are

shown in Figures G-l, G-2 and G-3. The spectra for the radio-

nuclides of interest were interpreted as follows:

23IU: 2 32U decays by alpha emission to 2%fTh (24.1 d), and

2yaTh in turn decays to 234mpa (1.17 m). 234ma emits

two gammas, in undergoing nuclear transformation, a

766.6 keV gamma-ray with an abundance of 0.207% and a

1001.03 keV gamma ray with an abundance of 0.59%. The

1001.03 keV gamma from 234mpa was used to quantify the

2 38U activity.
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235 U: 2 35 U emits three gamma rays at 143.76 keV (10.5%),

163.25 keV (4.7%) and 185.72 keV (54%). The 143.76 keV

line and 163.25 keV line were used to quantify the 235 U

activity.

226Ra: 226Ra emits a gamma-ray at 185.99 keV (3.28%). In doing

gamma-ray spectroscopy of radium, an interfering gamma-

ray at 185.72 keV (54%) from 25sU causes difficulty. To

overcome this difficulty, to some extent, it is possible

to determine 22 6Ra from the 185.99 keV line by determin-

ing the 235U activity from the 23su 143.76 keV line and

subtracting the corresponding countrate from the count

rate in the 185.99 keV peak. Unfortunately, in low

activity environmental samples, this amounts to sub-

tracting two numbers of nearly the same value from each

other, creating a high uncertainty. This then requires

additional techniques for final quantitative results.

Another method of quantifying 226Ra activity is through

the assessment of the activity of its transformation

daughter, 2 14Bi. The 609.32 keV line (46.09%) was the

principal one used to quantify 2 14Bi. As a cross-check,

other 2 14Bi lines such as the 1120.28 keV (15.04%) and

the 176.51 keV (15.92%) were also used to assess the

2 14Bi activity. The 351.99 keV (37.1%) line from 2 14Pb,
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the parent of 214Bi, also aided in estimating the 214Bi

activity. The 226Ra concentration was calculated from

the measured 214Bi activity, after correcting for the

fractional ingrowth of radon from its parent 226Ra during

the time between sampling and counting. In making this

correction, it was usually assumed that the radon concen-

tration was 50 percent of equilibrium with 226Ra at the

time the sealed bottle was counted. The 214Bi activity

was then divided by 0.5 to obtain the 226Ra activity.

If the radon activity was zero at the time the sample was

sealed, 10 days later it would have been at approximately

80 percent of the activity of 226Ra equilibrium. Since

most sample bottles were allowed to sit 10 days or more,

the assumption of 50 percent equilibrium at the time of

counting slightly overestimates the 226Ra activity, but

provides the necessary number for the decision making

process required in the D&D effort.

For samples stored longer than 10 days, such as the

certification samples which were counted two to three

months after sealing, the radon was at greater than 90%

equilibrium with radium. Nevertheless, to be conserva-

tive, a 75% equilibrium factor was used to determine the

226Ra activity from the 214Bi activity. In this case,

the 214Bi activity was divided by 0.75 to obtain the

226Ra activity.
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2 32Th: 232Th decays to 22 8Ra (5.754%) by alpha emission and

22 8Ra decays to 228Ac (6.13 h) by beta emission. 22 8Ac

emits a number of gamma rays. The 338.4 keV (12.01%) and

911.07 keV (29%) are the principal lines used to quantify
228Ac. The 228Ac was assumed to be in equilibrium with

the 232Th.

The other suspected contaminant, 241Am was quantified using the

59.54 keV (36.3%) gamma-ray. To assess the americium activity, a

separate americium soil standard was used.
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ESTIMATE OF MINIMUM DETECTABLE CONCENTRATION

WITH HPGe DETECTOR SYSTEM

When the activity in a sample is a small fraction of the back-

ground activity (or is absent), we can never be absolutely sure

whether activity is in fact present. Errors are made by incor-

rectly "detecting" activity when it is absent (false detection)

or by failing to detect activity when it is present (false non-

detection). The minimum detectable activity (MDA) for a given

sample type and detector system is the smallest activity above

background which can be detected without making either type of

detection error (false detection or false non-detection) an

unacceptable number of times.

It is customary to consider near background detection errors as

tolerable if they occur no more than 5% of the time. That is,

false detection = false non-detection = 5%. If a 5% detection

error is accepted (which means 95% confidence of not making a

detection error) and if sample and background are counted for the

same time, the minimum detectable activity (MDA) of a given

radionuclide for a particular sample type and detector system can

be estimated from (see Colle 1980 for more details).

DA 4.65(nb/t) i
2.22 Y er
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In practice we are interested in the minimum detectable concen-

tration MDC (minimum detectable activity per unit mass) which is

MC 4.65 (nb/t)
2.22 Y r m

where: MDC is the minimum detectable concentration of radio-

activity (in pico Ci/gram) that has a 95% prob-

ability of being detected in a given type sample by

the given counting system.

nb is the background count rate (counts per minute)

within the photon energy region of interest.

t is the count time in minutes (sample count time equal

to background count time).

Y is the gamma-ray yield (photons per disintegration)

of the nuclide of interest.

Er is the detector system counting efficiency in counts

per photon (at energy of interest) for the given

sample.

m is the net mass of the sample in grams.

2.22 is the conversion from dis/min to pCi (2.22 dis/min

per pCi).
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Equation (2) shows that the MDC for a given nuclide in a given

type sample is controlled by background, counting time, detector

system efficiency and by the sample mass. The MDC is not a

unique quantity, it can be increased or decreased at will. In

theory, the MDC could be made as small as desired by choosing a

sufficiently long counting time and, to some extent, by choosing

a large sample mass. In practice, this means that the MDC is

controlled by cost. Long counting times increase the cost, large

samples cost more to prepare, high efficiency detectors cost

more, etc.

If we are given that the MDC of a certain nuclide in a sample is

0.43 pCi/g, it means that we can be 95% confident that the system

and procedures used could detect 0.43 pCi/g in that kind of

sample. The MDC does not give the upper or lower value of the

true activity in a specific sample. Rather, it gives an estimate

of the smallest concentration that the given spectroscopy system

and procedures can measure in a certain kind of sample.

Example Calculation of MDC for 24 1Am

Given: nb = 2.02 cts/min (in selected energy region)

t = 200 minutes

Y = 0.359 photon/dis (59.5 keV photons)

&r = 13.75 x 10-3 cts/photon (at 59.5 keV)

m = 100 grams

then
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MDC 4.65 nb/t)

2.22 Y r m

~MDC -4.65 (2.02/200)2
(2.22)(0.359)(.01375)(100)

MDC = 0.43 pCi/g

MDC APPLICATION

The analyzer system used for the sample analyses automatically

selected the photon peaks of interest according to a prescribed

algorithm. Whenever the analyzer failed to pick a peak of in-

terest, the nuclide associated with that peak was listed as

having a concentration at or below the MDC. Wherever MDC is used

in this report, it means that the concentration for the selected

counting time was zero. It should be noted that, in the tables

in Appendix B, different MDC for the same nuclides are due to

different counting times. The MDC for all of the nuclides of

interest at three different counting times are listed in Table 1.

The mass of all analytical samples was 100 grams. The samples

were counted in 8-oz. Nalgene polyethylene bottles. The net
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background count rates in the selected energy regions, which

straddled the photon energies listed in Table 1, were determined

by counting 100 grams of processed clean soil (offsite sample

number 4) for 2400 minutes.

Reference

Colle 1980: R. Colle, H. H. Able, L. K. Cohen, D. Ed, E. H.

Eisenhauer, A. N. Jarvis, I. M. Fisenne, M. Jackson, R. H.

Johnson, Jr., D. Olson and J. Peel. "Reporting of Environmental

Radiation Data in Upgrading Environmental Radiation Data",

EPA 520/1-80-012.



TABLE 1: Minimum Detectable Concentrations

y-ay Efficiency MDC (pCi/g) DC (rpCi/g) - DC (pCi7g)-
y-Ray Yield E x 10 3 Background For 200 Min. for 400 Min. For 600 Min.
Energy (photons/ (counts/ Count Rate Count: Count: Count:

Nuclide (keV) dis) photon) (counts/min) 100 g Sample 100 g Sample 100 g Sample

241Am 59.5 0.359 13.75 2.02 0.43 0.30 0.25
23Su 143.6 0.105 47.08 1.88 0.41 0.29 0.24
223Ra 154.2 0.0558 46.47 1.82 0.77 0.54 0.44
235s 163.2 0.047 45.93 1.94 0.96 0.68 0.55
235s 185.5 0.54 43.34 1.74 0.08 0.06 0.046
226Ra 186.0 0.0328 43.28 1.74 1.41 0.997 0.82 o
235U 205.1 0.047 40.92 1.41 0.92 0.65 0.53
212pb 238.5 0.431 36.78 1.82 0.12 0.08 0.067
214pb 295.1 0.192 30.53 1.11 0.26 0.18 0.15
22SAc 338.3 0.1201 27.18 0.84 0.42 0.297 0.24
208Tc 583.0 0.86 16.84 0.47 0.07 0.05 0.04
214Bi 609.2 0.4609 16.24 0.47 0.14 0.099 0.08
137Cs 661.6 0.8462 15.06 0.42 0.07 0.049 0.04
212Bi 727.1 0.118 14.02 0.35 0.53 0.37 0.31
234mpa 766.5 0.00207 13.40 0.27 27.90 19.73 16.1
214Bi 768.3 0.04885 13.37 0.27 1.2 0.85 0.69
228Ac 794.7 0.04843 12.95 b.24 1.2 0.85 0.69
208Tc 860.5 0.12 11.91 0.25 0.53 0.37 0.31



TABLE 1. MINIMUM DETECTABLE CONCENTRATIONS - (cont'd.)

y-Ray Efficiency MDC (pCi/g) MDC (pCi/g) MDC (pCi/g)
Yield £ x 10 3 Background For 200 Min. For 400 Min. For 600 Min.

y-Ray (photons/ (counts/ Count Rate Count: Count: Count:
Nuclide Energy dis) photon) (counts/min) 100 g Sample 100 g Sample 100 g Sample

228Ac 911.0 0.29 11.19 0.29 0.24 0.17 0.14
228Ac 968.8 0.1746 10.62 0.25 0.40 0.28 0.23
234mPa 1001.0 0.0059 10.31 0.23 11.8 8.34 6.8
214Bi 1120.2 0.1504 9.14 0.34 0.62 0.44 0.36
40K · 1400.7 0.107 7.20 0.13 0.71 0.498 0.41
214Bi 1764.5 0.1592 6.21 0.06 0.38 0.27 0.22
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APPENDIX G.

CERTIFICATION SURVEY PROCEDURES
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PROCEDURES FOR THE FINAL CERTIFICATION SURVEY OF THE
NEW BRUNSWICK LABORATORY, NEW JERSEY SITE

A gamma survey of the NBL-NJ Site was performed the week of

Jun 25, 1984, to verify that gamma radiation above the ground

surface in the decontaminated portion of the site was within the

range of natural background for the surrounding property. The

portion of the site which was certified is bounded by the east,

west and north fences and by a line parallel to and 345 feet

south of the north fence. The survey was performed using the

following procedures:

Scan entire area using a 2 mm by 50 mm diameter NaI(Ta)

detector with a single channel analyzer - rate meter

(Eberline PG-2 detector and Eberline PRM-5 electronics).

The single channel analyzer will be used in the gross mode

with the threshold set at 17 keV (plutonium L x-ray). The

instrument is calibrated using a 239Pu source. Typical

detection efficiency (cpm/dpm) for plated sources in contact

with the detector is about 1% for 23 9Pu and 10% for 24 1Am.

During scanning, the detector will be held within 5 cm of

the ground surface.

Scan entire area using a 25 mm by 25 mm diameter NaI(T£)

detector connected to a rate meter (Eberline PRM-7 pR

meter). The instrument is calibrated in pR/h using a 226Ra

source. During scanning, the instrument is held at approxi-

mately 1 meter above the ground.
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Document the range of values found (countrate at surface and

exposure rate of a meter) within 10 ft by 10 ft grid blocks

over former I pad area, and within 40 ft by 40 ft grid

blocks for the remainder of the site.

Document the countrate at the ground surface and the ex-

posure rate at a meter above the ground surface at each

10 ft by 10 ft grid intersection over former I pad area and

at each 40 ft by 40 ft grid intersection for the remainder

of the site.

Any decision to deviate from the 40 ft by 40 ft grid size,

after selected measurements, will be discussed with the

State of New Jersey-Department of Environmental Protection.

NOTE: Certification soil samples were taken in 1983 prior to

backfilling and gamma measurements were taken at the

location of each sample.
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Introduction 

The purpose of this report is to (1) document the survey and sampling 

plan executed by ANL-ESH personnel, during the period of 30 May through 

9 June 1989, (2) provide the resultant field and analytical data, and 

(3) provide the interpretations of that data. The site characterization 

documented here was designed to aid in the assessment of the work 

remaining for Phase III remediation. The purpose of the characterization 

was to determine the extent, if any, of radiological contamination on 

railroad properties immediately adjoining the site and to ascertain 

whether or not the pitchblende contaminated soil is mixed waste, that is 

radioactive waste that also contains hazardous waste subject to the 

Resource Conservation and Recovery Act (RCRA) of 1980. A brief historical 

statement on the facility is also given below for completeness. A more 

detailed historical account can be found in ANL-84. 

The site of the former New Brunswick Laboratory has been the subject 

of remediation under the Surplus Facilities Management Program (SFMP) for 

approximately 12 years. Radiological contaminants at the site included 

high purity plutonium, americium, thorium and uranium ores, and uranium 

enriched with U-233 and U-2351 The remediation began in 1978 with 

Phase I: deactivation and preliminary decontamination., The removal of all 

the above ground structures (Phase IIA), and the subsequent removal of all 

remaining structures and sewer lines (Phase IIB) were completed during 

1983. The excavated areas onsite were then backfilled and graded. 

Phase III, the removal of buried Belgian Congo pitchblende, has not yet 

been accomplished. Since the end of Phase IIB, the site has been placed 

in a Surveillance and Maintenance (S&M) Program. 

--. ._I- -. 



RADIOLOGICAL ASSESSMENT 

General Discussion 

An above-ground radiological survey of areas l-6 (Fig. 1) was 

performed prior to any other characterization activities. This data would 

then have the potential to be used in biased sampling and or subsurface 

surveying, if needed. This survey was designed to indicate areas that may 

be contaminated at or near the surface, and beneath the surface with 

gamma-emitting radionuclides. 

Instrumentation 

The gamma detecting instruments used in this assessment are listed 

below. 

Exposure (Gamma) Rate Meter: Eberline PRM-7 (microR meter) 

Surface Gamma Detector: Eberline PRM 5-3 with shielded PG-2 
2mmx2 in NaI(TL) Probe 

Subsurface Gamma Detector: Ludlum Model 2220 with either a 
3/8 in X 3/8 in NaI(T1) or a 
l/2 in X l/2 in BGO probe 

The first two instruments were used in the above-ground radiological 

survey of the areas. The third was used in the logging of subsurface 

radiological data. Photographs of these instruments are listed as 

Figures 2, 3, and 4, respectively. The PG-2 probe shield, and the two 

subsurface gamma detector probes were constructed at ANL. 

All portable radiological detection instruments were calibrated at 

ANL-E prior to the assessment. Briefly stated, the PRM-7s were calibrated 

with Cs-137 in microRoentgen/hour units; the PRM 5-3s with the shielded 

PG-2 detectors and the Subsurface Gamma Detector were efficiency "peaked" 

at various voltages for maximum response to specific photopeaks while 

operating in a Pulse Height Analysis (PHA) mode. In addition, each 

instrument was operationally checked with an appropriate radiological 

check source for a known response before use. 



l The method of packaging of materials for transport generated by decon- 
tamination, generally, either containerized or bulk 

l Location of disposal site, either in-state or regional 

l Type of disposal-site ownership (based on either government financing or 
commercial rates) 

Remedial Action Options. Options available for remedial action at a contaminated 
site are either removal of contamination and restoration of the site to permit 
unrestricted public use, or permanent stabilization of the radioactive material on the 
remedial action site and restoration for restricted use. Because of the long time 
period required to locate and develop a disposal site, temporary remedial actions may 
be taken to reduce health impacts. Stabilization involves fixing of the contamination 
on the soil or structures such that transport offsite through such mechanisms as 
erosion, leaching into water supplies and aquifers, or through up-take in the biosphere 
does not occur and will not occur in the long term. Criteria and standards for 
stabilized sites will meet the intent of those criteria and standards used for the 
disposal sites, e.g., 10 CFR 40 Appendix A, the criteria proposed by NRC for privately 
owned mill tailing sites. Institutional controls have to be imposed at the stabilized 
site to prevent disturbance of the buried material and its subsequent release. Removal 
of contamination from structures, dismantling and removal of structures, and removal 
of soil and other contaminated material, followed by site restoration for unrestricted 
use by the public, is the most extensive remedial action that can be taken at a site. 
The costs for permanent stabilization might be a factor of 5 to 10 less than for 
decontamination and removal. For the purposes of providing a bounding cost of the 
proposed legislation, cost estimates were based upon decontamination of all the 29 
MED/AEC sites and restoration for unlimited public use. 

Criteria and Standards for Remedial Actions. The basis of the cost estimates provided 
for remedial action assumes contamination would be reduced to 5 picocuries of 
radium-226 per gram of soil (or comparable levels for other radionuclides), which is in 
the range of 2 to 10 times that of naturally occurring radium levels in the soil. If a 
lower value of acceptable contamination were to be imposed, substantially higher 
costs may result. For stabilized sites, another factor affecting cost is the depth of 
ground cover material that will be required by the NRC. In this cost estimate, no sites 
were considered for stabilization. Because the stabilization and disposal sites will be 
licensed by the NRC, the final criteria and standards established by the NRC will 
impact costs. The NRC has proposed criteria for licensed uranium mill tailings sites 
(10 CFR 40, Appendix A) and is deveioping criteria for large-volume, low-activity 
waste that are expected to be generally consistent with the mill tailings criteria. 
These criteria may be applied to the formerly utilized sites that are stabilized and to 
the disposal sites. In addition, the EPA has issued interim and proposed final criteria 
for remedial action at inactive mill tailings sites. 

Method of Packaging. The packaging of contaminated material generated in the 
remedial action of decontaminating the MED/AEC sites can be accomplished either by 
use of containers such as 55-gallon drums, or bulk transporters such as large-volume 
trucks or railroad cars. The relative costs for the handling and transport of small 
containers is three to four times greater for the small containers versus bulk shipment. 
For the purposes of the proposed legislation, cost estimates were. based upon 
containerization of waste residues. 

-25- 



Figs. 2, 3, and 4 are not Available 
at this Time. 
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Surface Survey 

Each area (1-6 inclusive) was covered by a thorough (100%) near 

surface (2-4" above grade) survey with Surface Gamma Detectors. The 

detectors, were operated in the "RVl, Gross" setting that denotes an "open 

window" with a lower level discriminator set at 17 keV. This setting 

permits the detector to acknowledge the presence of any gamma-emitting 

nuclides with photopeak energies above 17 keV. The probe's physical 

dimensions and the probe shielding (or collimator) further defined the 

Surface Gamma Detector as directionally sensitive. This feature permits 

easy identification of localized hot spots for further study. 

Simultaneous measurements were taken with PRM-7s (microR meters) at a 

height of one meter above grade. These exposure rate data and the near 

surface data for each area are presented below in Table 1. 

Table 1 
Above-Ground Gamma Survey Data 

Area PRM-7 PRM 5-3/PG-2 
pR/hr counts/min 

Background 7-10 350-500 

1 8-10 350-500 

2 8-10 350-500 

3 8-10 350-500 

4 15 > BKGD 

5 10 > BKGD 

6 50 > BKGD 

-- -__ _-. ^ 
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As noted in the Table, only Areas 4 and 6 were above ambient 

background exposure rate measurements. Areas 4, 5 and 6 were noted as 

being above background with the Surface Gamma Detectors. Therefore, the 

above-ground (g-a> radiological survey supported previous data (ANL84) 

on Areas 4, 5, and 6. The railroad track area (Areas 1, 2; 3) did not 

differ from above-ground environmental exposure rate data, and did not 

contain any localized near surface hot spots. 

Subsurface Imestigation 

Soil Tube Measurements 

All areas (l-6) were checked for possible subsurface gamma-emitting 

contaminants through the use of an in situ measurement technique. This 

technique is similar to well-logging. First, a 1" section of electrical 

metallic tubing (EMT) with a steel spear point tip is rammed into the 

ground with a gas-powered impact hammer (Fig. 5) to a specified depth or 
until refusal. Depths down to 27' below grade have been achieved by 
coupling additional lengths of tubing to the driven section and continuing 

the ramming operation. After the soil tube is in place, the Subsurface 
Gamma Detector is used to "log" the tube. Measurements are taken at 
l/2 foot increments from grade to the bottom of the soil tube. At this 

site both the NaI(L) and the BGO (bismuth germanate) probes were 
used. Measurements were recorded in gross counts per minute based on a 
preset 0.1 minute (6 set) counting time. A total of 79 soil tubes were 
installed and logged at the NBL-NJ site (Fig. 6). Soil tube data were 
translated into a graphic format (Appendix A) and visually interpreted for 

elevated readings, anomalies, and trends. Subsurface soil samples were 

taken near several soil tubes for data correlation purposes. 

Soil tube data for Areas 4, 5, and 6 substantiated earlier findings. 

In Area 4, soil tubes 45 and 46 depicted contamination within the first 

foot of soil (O-l'). This data corresponded well with the high Ra-226 

concentrations found in soil samples taken from this area. Area 5, 

-,... ~-,._I-^ -,.,._. -.“.--., ._. 
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Fig. 5. Soil Tube Emplacement 
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however, appears to have radiological contamination to at least 9' and 

possibly deeper. Measurements taken at soil tube 57, from Area 5, noted 

an increasing count rate from contamination to a depth of 5' where the 

activity, more or less, reached a plateau and continued for the remaining 

length (9') of the soil tube. Soil tube 55, in Area 5, also noted an 

elevated activity region between 2'-6' below grade, although the 

measurements drop off quickly to background below this depth. The depth 

profile for Area 6 was characterized by almost every tube to be highly 

contaminated to a depth of 3' or 4' below grade. 

In Areas 1, 2, and 3, less than 25% of the soil tubes depicted any 

subsurface contamination. Twenty-six tubes were used to assess Area 1 

alone. Only six of these tubes noted possible contamination. No tube in 

Area 1 detected any anomalies below 3', however, it should be stated that 

two of these tubes had maximum usable depths of only 2'. The rocks and 

hard shale in this area made it impossible to drive the tubes deeper. Of 

the six soil tubes recorded in Area 2, just two tubes (28, and 33) 

suggested near surface anomalies. These two sites did not appear to be 

contaminated below 2' below grade. Area 3 had one tube (27) that 

indicated a strong anomaly greater than l/2' below the surface. The 

tube's total length, however, was only 1'. 

Environmental Soil Samples 

Both surface and subsurface soil samples (Table 2; Fig. 7) were taken 

for radiological and nonradiological analysis from the surveyed areas. 

Protocols used for sample preparation, and radiological analyses are 
- 

listed in Appendix B. Split spoon borehole samples (Fig. 8) were obtained 

from Areas 4, 5, and 6. Composite surface soil samples were also taken 

from Areas 1, 2, 3, 4, and 6. In addition, improvised Shelby tubes (1" 

diameter EMT sections) were successfully used to extract subsurface soil 

samples in Area 1. This was done because it was impractical and unsafe to 

take split spoon samples with the large drill rig at those sites. It was 

1 



Table 2 

Collected Soil Samples 

Sample# Location Depth QPe 

1OlA 

1OlB 

102A 

102B 

105 

111 

112 

121 

400A 

400B 

442 

445 

500A 

500B 

600A 

600B 

601A 

601B 

602 

603 

Area 1, Soil Tube 1 

Area 1, Soil Tube 1 

Area 1, Soil Tube 2 

Area 1, Soil Tube 2 

Area 1, Soil Tube 5 

Area 1, Soil Tube 11 

Area 1, Soil Tube 12 

Area 1, Soil Tube 21 

Area 4, Bore Hole 400 

Area 4, Bore Hole 400 

Area 4, Soil Tube 42 

Area 4, Soil Tube 45 

Area 5, Bore Hole 500 

Area 5, Bore Hole 500 

Area 6, Composite 

Area 6, Composite 

Area 6, Bore Hole 601 

Area 6, Bore Hole 601 

Area 6, Bore Hole 602 

Area 6, Bore Hole 603 

O'-1' 

l'-2' 

O'-1' 

l'-2' 

()"-I" 

()"-I" 

0" -1" 

ON-l" 

O'-2' 

2'-4' 

O"-1" 

()"-I" 

O'-4' 

4'-10' 

0" - 1" 

()"-I" 

O'-6' 

6'-9.5' 

O'-9.5' 

01-3' 

1" Conduit 

1" Conduit 

1" Conduit 

1" Conduit 

Surface 

Surface 

Surface 

Surface 

Split Spoon 

Split Spoon 

Surface 

Surface 

Split Spoon 

Split Spoon 

Surface 

Surf ace 

Split Spoon 

Split Spoon 

Split Spoon 

Split Spoon 



Roy F. Weston, Inc. - Lionville Laboratory 
Semivolatilee by GC/MS, HSL List Report Date: 07/18/89 lo:26 

RFW Batch Number: 8906L594 Client: ARGONNE NAT'L LAB Work Order: 2104-09-01-0000 Pase: la 

Cuet ID: 500 A . 500 B 500 B 500 B 600 A 600 A 
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Information Matrix: SOIL SOIL SOIL SOIL SOIL SOIL 
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Fig. 8. Split Spoon Sampling Operation 
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unsafe because the railroad tracks were still in active use. The sampling 

sites were chosen near soil tube locations for data correlation and 

location purposes. Bore hole samples and surface samples 600A and 600B 

pitchblende area were split for both radiological and nonradiological 

analyses. All soil samples were designated for the following radiological 

analyses: g-a spectroscopy, and total uranium. Samples 112, 445, SOOB, 

and 600B were also slated for mass spectroscopy. The results of those 

analyses are provided in Appendix C. 

Table 3 quickly indicates the isotopes that were identified as above 

background concentrations by gamma spectroscopy. It should be noted that 

low Cs-137 was recorded in each soil sample. Only those samples with 

Cs-137 concentrations greater than a nominal background value of 1 pCi/g 

(samples 105, 111, 112, 121, 600A; 600B) are listed in the Table. The 

highest Cs-137 concentration, 2.8 pCi/g was found in Area 6 (sample 600A) 

in the composite subject sample. As previously stated, Areas 4, 5, and 6 

are known to be radioactively contaminated. Therefore, it was not 

unexpected that samples SOOA, SOOB, 600A, and 600B were found to have 

U-235 and U-238 contamination. However, only the two 600 samples 

exhibited elevated Th-228, and somewhat higher than normal Ra-226 values. 

Samples 442, and 445 from Area 4, displayed the highest Ra-226 

concentrations, and the only examples of Th-227, and Pa-231 

contamination. These last two isotopes are daughter products of U-235. 

The analysis did not, however, detect U-235 in these two samples (442; 

445). A review of the data (Appendix C) and the analytical procedures for 

determining the U-235 concentration indicates that this inconsistency is 

real and implies that the daughter products had been separated from 

U-235. The high Ra-226 concentrations were also noted in ANL84. U-238 

contamination is also evident in samples lOlA, 111, and to a lesser extent 

in 102B, and 105. 

Two other radiological analyses, mass spectrometry and total uranium, 

were performed on specified samples. The mass spec from Area 6 data 

pointed out that samples 112 from Area 1 and 600B from Area 6 had U-235 

enrichment (2.3%, and 5.1%, respectively). The normal enrichment of 



. Table 3 I 

Gamma Spectroscopy Results* 

Sample# U-238 U-235 Ra-226 Th-228 cs-137 

1OlA X 

102B X 

105 X 

111 X 

112 

121 

I 442 

445 

500A 

500B 

600A 

600B 

X 

X 

X X 

X X 

X X X X 

X X X X 

* Values Greater Than Background 

X 

X 
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23sU in uranium ore is about 0.7%. High total uranium values were 

noted in samples 111, 112, 442, 445, SOOA, SOOB, ~OOA, and 600B. It 

should be emphasized that surface soil samples 111, and 112 were taken 

from Area 1 which had not been previously characterized. 

Soil Particle Size and Activity 

An experiment was performed on the relationship of soil particle size 

and both gamma and mass spectrometric resultant data. A soil sample was 

chosen from Area 6 and sorted through several successively small sieves 

(3350, 1700, 710, 600, and 300 micron) retaining each sorted portion for 

analysis. The analysis revealed that the U-235 percentage value and 

concentration are inversely proportional to the soil particle size. That 
is, small particle sizes had higher concentrations of U-235 than larger 

particles. Other nuclides that exhibited an inverse proportionality 

(g-a spec) were Th-228, and Cs-137. However, for 22aRa the 

concentration was proportional to soil particle size; large particles had 
higher activity than small ones. Although U-238 exhibited a proportional 
relationship with particle size from mass spec data, the gamma spec 
results appear to suggest no relationship. 



HAZARDOUS MATERIAL ASSESSMENT 

General Discussion 

The objective of this assessment was to indicate whether or not the 

remediation of the remaining contamination on site (Areas 4, 5, and 6) 

would be complicated by the presence of any mixed wastes. Therefore, 

soil samples were taken and analyzed for EPA Target Compound List (TCL) 

contamination. All chemical analyses were performed by Weston's Lionville 

Analytical Laboratory. The procedures used in sample taking and analysis 

are consistent with those required by the U. S. Environmental Protection 

Agency Contract Laboratory Program (CLP). The results of those analyses 

are given in Appendix D. It should be noted that one bottle containing 

sample 603 was destroyed in shipment. Therefore, only the VOA analysis 

could be performed and reported for that sample location. 

SOIL (GAS) TUBE MEASUREMENTS 

In addition to the soil sampling and analysis plan listed above, the 

headspace of each soil tube was checked for soil gas emissions. A HNU 

Model PI 101 photoionizer with a 10.2 eV probe (Fig. 9) was used for these 

measurements. This instrument was calibrated at ANL-E and checked daily 

according to the manufacturer's instructions (HNU85). Only one soil tube 

(43) was recorded with a value (12.0) significantly above background. 

This high measurement can be attributed to the gas-powered impact hammer. 

The emplacement of this particular tube was very difficult and caused the 

hammer to produce considerable fumes and to throw oil down the hammer and 

into the head of the soil tube. No other significant HNU readings were 

noted. 

Resultant Analytical Data 

A review of the chemical analyses results of the soil samples 

collected from Areas 4 and 6 of the NBL-NJ site indicates that there is a 

high degree of chemical contamination present, both organic and 



Fig. 9. Hnu Photo-ionizer 
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HAZARDOUS MATERIALS ASSESSMENT 
(Continued) 

inorganic. All sampleswere highly contaminated with a large number of 

polyaromatic hydrocarbons (PAW, many of them carcinogenic. The 

concentration of individual PAH compounds in these samples ranges up to 

79,000 pg/Kg. The soil appears to be deeply contaminated since high 

concentrations were. found in deep soil core samples (SOOB, 601B, and 

602). PCBs (Arachlor 1254) were detected in three samples, 601A, 601B, 

and 602, in concentrations between 7700 and 11,000 pg/Kg. .Only one 

sample (600A) was noted to have volatile organic compounds, and those were 

both present in very low concentrations. Cyanide was detected in this 

same sample, also at a low level. 

One or more toxic metals were found to be above typical background 

levels in all samples. Two samples (600A and 600B), which represent 

surface soil, were very highly contaminated with silver, mercury, copper, 

nickel, lead, and zinc. For example, sample 600A contained 589 mg/Kg 

mercury. Typical uncontaminated soil contains less than 0.10 mg/Kg of 

mercury. Sample 600B contained 2050 mg/Kg of lead compared to 25-50 mg/Kg 

in normal soil. Though the highest concentrations were detected on the 

surface soils, deeper samples also showed elevated levels of several 

metals including copper, mercury, lead, and zinc. In addition, beryllium 

was present in all soil samples from area 6. 

Though these results indicate that the soil is highly contaminated, it 

is not possible to determine, by these analyses, if the soil will be 

classified as a hazardous waste or mixed waste under the State of New 

Jersey Hazardous Waste Regulations. The concentration of PCB is very 

high, about 11 PPM, for a soil sample, however, it is below the 50 PPM 

regulatory limit which requires it to be disposed of as a hazardous 

waste. There are currently no regulatory limits for PAH compounds and 

thus their presence will not result in the soil being classified as 

se. 1- - 
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HAZARDOUS MATERIALS ASSESSMENT 
(Continued) 

hazardous under the ResourceConservation and Recovery Act (RCRA) of 1980. 

The presence of a number of toxic metals in high concentrations would 

probably qualify the soil as hazardous by the EP Toxic characteristic if 

it would be tested by this procedure. Therefore, soil samples 500A, 600A, 

and 600B will be sent to Weston for EP Toxicity analysis as a definitive 

test. 
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CONCLIJSION 

As stated in the Introduction, the purpose of this characterization 
was twofold... 1) determine the extent of radiological contamination (if 
any) of the railroad properties immediately adjoining the site, and 
2) ascertain whether or not the pitchblende contaminated soils onsite are 
mixed waste. The conclusions from the characterizations are as follows... 

0 There is U-238 and Cs-137 near surface (no deeper than 1') 
contamination in Area 1 of the offsite railroad property. 
However, no surface hotspots were detected with portable 
radiation survey instruments. 

0 There is no definitive indication of radiological contamination 
in offsite Areas 2 and 3. Soil samples that were collected 
during this characterization were not processed and analyzed. 
Following the phased sampling analysis scheme indicated in the 
sampling plan (ROB89), those soil samples from Areas 2 and 3 
will now be sent for radiological analysis since Area 1 soil 
samples positively indicated such contamination. 

. Area 4, the small area along the west fence, and Areas 5 and 6, 
in the pitchblende area, are definitely contaminated with 
uranium, radium, and thorium. 

. The pitchblende area (Area 6) is contaminated with several 
metals, PCBs, polyaromatic hydrocarbons (PAH), and two volatile 
organics. Although some of these contaminants are present in 
very high concentrations, no concentrations were above any 
established regulatory criteria. 

. The question whether Areas 4, 5, and 6 would be defined as 
mixed waste has not been resolved at this time. Three samples 
from the areas in question will be sent to Weston for EP 
Toxicity analysis. This analysis is needed to determine the 
leachability of the metals found in these soil samples. 
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APPENDIX B 

SAMPLE PREPARATION AND RADIOLOGICAL ANALYSIS PROTOCOL 

1.0 SOIL-SAMPLE PREPARATION 

Soil samples are collected as described previously. These samples 

are bagged and identified at the collection site and returned to ANL. If 

there is an indication of radioactive contamination, the sample is sealed 

in a Nalgene jar. At ANL, the soil samples are logged into the 

soil-sample book, and each sample is weighed (on a tared balance scale) 

and the weight is marked on the container. This weight is recorded in the 

soil book as a "wet weight." 

After all samples are marked, weighed, and recorded, they are dried. 

Each sample is placed in a Pyrex beaker marked with the sample 

identification number. If more than one beaker is necessary, additional 

numbers (e.g., l-3, 2-3, 3-3) are used. The original containers are saved 

for repackaging the dried samples. The beaker is set in an 80°C oven 

until the soil is dry (approximately 48 hours). The sample is returned to 

the original container and reweighed using a tared balance scale. This 

weight is also marked on the container and in the soil-sample book, where 

it is referred to as a "dry weight." 

After all the samples are returned to their original containers, the 

milling process is started. Each dried sample is transferred to a 

2.3-gallon ceramic mill jar containing mill balls (1 l/4" x 1 l/4" 

Burundum cylinders). The mill jar number is marked on the original 

container. The jars are seaied and the samples are milled for two hours 

or until sufficient material is produced to obtain 100 g and 5 g samples 

for analyses. The samples are milled six at a time. A second set of six 

jars is prepared while the milling of the first set is proceeding. After 

each sample is milled, the mill balls are removed with tongs and placed in 

a tray. A large plastic bag is inverted over the mill jar. Both are 

inverted and shaken until all the soil is transferred to the bag. If the 

soil plates the inside of the mill jar, a small paint brush is used to 

loosen the soil before the jar is inverted. A separate brush is used for 

each jar to prevent cross-contamination of the soil samples. 

._.--l- tl . - 
- 
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After milling, each sample is sieved through a number 30 standard 

testing sieve (600 p mesh, about 5 minutes) and transferred to a 

12" x 12" ziplock bag. Rocks and dross are bagged separately from the 

sieved material. The bags are marked with the sample number, the sieve 

number and R(rocks) or S(soi1). The balance is tared and the weights of 

the soil (or rocks) are measured and recorded in the soil-sample book. A 

100-g sample of the sieved material is transferred to a 4-0~. Nalgene 

bottle. These samples are analyzed by suitable analytical techniques, 

including, as a minimum, gamma spectroscopy (GeLi). A 5-g sample of the 

sieved material is transferred to a 1-0~. Nalgene bottle. One gram of 

this sample is used for the determination of uranium by laser 

fluorometry. The bottles containing these weighed samples are marked with 

sample number and date, and this information is recorded in the 

soil-sample book. The rocks (and dross) and remaining soil are placed in 

storage. 

The sieves, mill jars, and Burundum milling balls used in this work 

are classified in two sets. One set is used for background samples 

exclusively. The other set is used for all samples from suspect areas. 

Soil samples with elevated levels of radioactivity based on instrument 

measurements are milled in one-gallon Nalgene bottles using Burundum balls 

from the set used for suspect samples. After use, these balls are either 

decontaminated (see Section 3.0) or disposed of as radioactive waste. The 

Nalgene bottles are always disposed of as radioactive waste. The sieves 

used for these samples are also from the set used for suspect samples and 

are decontaminated after use. 

2.0 TEST SAMPLE PREPARATION 

One soil sample was designated for a soil particle size relationship 

test. This sample was treated identically to other prepared samples in 

the methods listed above for sample drying, and wet and dry weight 
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determination. The sample, however, was not milled. The entire dried 

sample was sieved through a series of successively smaller soil sieves. 

The first sieve that was used to separate the material was a 3350 micron 

sieve. In the Analytical Results (Appendix D), the material listed as 
'1 B _ 6 't is the soil that did not pass the first sieve. Soils listed as 
"A- 6 '1 , “A- 12", "A-25", "A-30", and "A-50" were soils that passed sieve 

sizes 3350 micron (0.131"), 1700 micron (0.0661"), 710 micron (0.0278"), 

600 micron (0.0234"), and 300 micron (0.0117") respectively. Each "sized" 

soil sample was then processed for gamma spectroscopy, and mass 

spectroscopy as listed above. All equipment used was decontaminated as 

described in Section 3.0 

3.0 EQUIPMENT DECONTAMINATION 

The care of the milling apparatus is as important as the actual 

sample preparation. Proper care prevents cross-contamination of 

successive samples. The beakers used to dry the samples are washed 

thoroughly by placing a small amount of Haemo-Sol in each beaker and 

filling with warm water. The beaker is then scrubbed thoroughly on the 

inside and scoured on the outside with scouring powder. The beakers are 

rinsed three times with tap water and three times with demineralized 

water, and finally dried thoroughly before reuse. 

The milling apparatus (tongs, brushes, milling jars, lids, and 

milling balls) are rinsed. The tongs and brushes are washed thoroughly 

with Haemo-Sol. Eight Burundum balls are returned to each milling jar 

along with about one pint of clean road gravel, one spoon of Haemo-Sol, 

one spoon of scouring powder with bleach, and one quart of water. The lid 

is tightened on the jar and the jar is placed on the rolling mill and 

_--- ., a .I -.” _-.. . _-_-- -... .--.-...-_.- .^_.. 
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rolled for approximately two hours or until the balls and the inside of 

the jar appear to be physically clean. After this time, the mill jar is 

removed from the rolling mill and its contents are dumped into a screen or 

basket. The lid and balls are then rinsed thoroughly three times with tap 

water followed by three times with demineralized water. The inside of the 

jar is rinsed until it is absolutely clean. The milling apparatus is air 

dried with warm air. Room air is drawn through the mill jars with a hose 

attached to a fume hood or specially constructed drying box. 

The sieves are rinsed, washed in Haemo-Sol, thoroughly rinsed (three 

times with tap water, followed by three rinses with demineralized water) 

and then air dried as above before use. 

4.0 SOIL ANALYSIS PROCEDURES 

A 100-g fraction from each soil sample is analyzed by high resolution 

gamma-ray spectroscopy using a germanium crystal detector coupled to a 

multichannel analyzer. This analysis allows for a quantitative 

determination of the 22sRa decay chain (via the 609 keV gamma-ray of 

214Bi) and the 232Th decay chain (via the 911 keV gamma-ray of 

228A~), as well as any other gamma emitting radionuclide (e.g., 

137Cs) present in the soil. 

The total uranium (elemental) present in the soil is determined by an 

acid leach of the soil sample followed by laser fluorometry of the leached 

sample. 

A mass spectrometric analysis of the uranium fraction is conducted 

when it is known or it is surmised that depleted or enriched uranium might 

be present. 
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b le Material: 

by: 

l- c urNumber II 

ANALYTICAL CHEMISTRY LABORATORY 
Argonne National Laboratory 

Argonne, IL 60439 

REPORT OF ANALYTICAL RESULTS 

Soils Date Received: T/5/89 

M. Robinet Date Reported: 8/!8/8g 

Our Number 

89-4091-01 
through 

-16 

Gamma Spectroscopy Results 
(See attached page.) 

‘E:Samples will be discarded one (1)month after date of report unless otherwise arranged. When making 
*e inquiries regarding this work, you must reference OUR number(s) above. For further information about 
vesults reported here, please call R- Heinrich at 2- 4346 . 

u-1 
!s To: M. Robinet L. Lamoureux Analyst(s): R. Heinrich 

G. Mosho E. Streets L. Lamoureux 
D. Green File E. Streets 
R. Heinrich 

s L. Wetter 

- ---. “-.” -- 



Argonne National Laboratory/Analytical chemistry Laboratory 

Report of Analysis Date Received: July 6,1989 

Sample: Soils Report Number: 89-4091 
Source: M.Robinet 

Gamma Spectroscopy, pCi/g 

Your # Cnt. 214-Bi 226-Ra 228-AC 228-Th 137-cs 234m-Pa 235-U 40-K 
(AC'- #I Date 609 352 911 583 661 1001 185 1460 
------------------------------------------------------------------------------------------------------------------------------------ 
10lA 7-11-89 1.74 1.67 1.75 1.74 0.16 6.96 14.58 
(89-4091-01) 2 0.11 2 0.07 2 0.13 2 0.13 2 0.03 + 3.40 + 0.78 
------------------------------------------------------------------------------------------------------------------------------------ 
101s 7-28-89 1.51 1.69 1.66 1.68 0.08 16.86 
(89-4091-02) + 0.11 + 0.08 + 0.17 + 0.12 2 0.03 2 1.01 
------------------------------------------------------------------------------------------------------------------------------------ 
102A 7-10-89 1.81 1.66 1.64 1.62 0.10 11.56 
(89-4091-03) + 0.10 + 0.10 . + 0.14 2 0.11 2 0.02 2 0.97 
---------------------------------------------------------------------------------- 
1028 

--------_----_---___------------------------------ 
7-17-89 1.74 1.71 1.67 1.60 0.09 < 6.4 17.46 

(89-4091-04) + 0.09 2 0.11 2 0.13 2 0.10 L 0.02 2 0.97 
----------_-___-_-_----------------------------------------------------------- ----------------------------------------------------- 
105 7-11-89 0.86 0.87 1.07 1.02 3.94 < 16 12.06 
(89-4091-06) l 0.20 2 0.18 2 0.29 + 0.22 2 0.14 t 2.42 
____________________---------------------------------------------------------------------------------------------------------------- 
111 7-12-89 2.01 1.98 1.86 1.80 1.26 13.68 11.44 i (89-4091-06) 2 0.16 + 0.13 2 0.26 + 0.18 2 0.09 2 7.20 21.75 

I ________________^___---------------------------------------------------------------------------------------------------------------- 
, 112 7-13-89 1.52 1.62 1.66 1.69 1.60 12.44 

1 (89-4091-07) + 0.14 + 0.11 + 0.22 + 0.16 2 0.07 2 1.11 
__--------_---------^__^_______________ _-------------------------------------------------------------------------------------------- 
121 7-12-89 0.73 0.71 0.83 0.94 2.07 10.43 

! 
/ (89-4091-08) + 0.09 2 0.08 2 0.14 t 0.13 t 0.07 t 0.95 

____----------------____________^_______------- ------------------------------------ 
400A 

---------c-------------------------------------- 

7-10-89 1.66 1.73 1.38 1.63 0.16 16.78 
(89-4091-09) 2 0.23 + 0.19 2 0.31 2 0.22 2 0.06 + 2.06 
____________________---------------------------------------------------------------------------------------------------------------- 
4008 8-10-89 1.26 1.26 1.60 1.46 < 0.08 34.26 
(89-4091-10) t 0.18 2 0.12 + 0.24 + 0.21 2 2.15 
___--_------__-_------------------------------ _______---_------___------------------------------------------------------------------ 

442 7-13-89 22.64 21.87 1.30 1.38 0.97 18.62 
(89-4091-11) ,* 0.44 2 0.32 2 0.38 ,+ 0.24 1: 0.08 2 2.33 
________________________________________-------------------------------------------------------------------------------------------- 
446 8-10-89 49.39 49.62 1.67 1.69 0.96 17.33 
(89-4091-12) + 0.41 + 0.61 2 0.26 2 0.17 + 0.06 f. 1.03 
__c-----------------_________^__________-------- _------------------_---------------------------------------------------------------- 

/ 
600A 7-17-89 2.67 2.80 1.89 1.76 0.28 21.89 0.92 17.67 
(89-4091-13) 2 0.16 + 0.16 2 0.23 + 0.19 2 0.06 2 6.92 2 0.04 -, 1.66 

i _---- _--------_-------_-_-------------- ______________-_---_------------------------------------------------------------------------- 

6008 7-13-89 1.32 1.31 1.22 1.37 0.23 62.66 2.18 16.06 
(89-4091-14) ' i 2 0.09 z 0.07 2 0.13 f 0.10 + 0.03 2 6.64 + 0.06 -, 0.78 

f ____________________________^___________-------------------------------------------------------------------------------------------- 



ANALYTICAL CHEMISTRY LABORATORY 
Argonne National Laboratory 

Argonne, IL 60439 

REPORT OF ANALYTICAL RESULTS 

IpIe Material: Soils 

lmitted by: M. Robinet 

Date Received: 8/7/89 

Date Reported: 8/29/89 

Your Number I Our Number 

89-4100-01 
through 

-06 
Gamma Spectroscopy Results 

(See attached page.) 

ITE: Samples will be discarded one (1) month after date of report unless otherwise arranged. When making 
ture inquiries regarding this work, you must reference OUR number(s)abo For further information about 
2 results reported here, please call R. Heinrich at2-4346 . 

/ 

es To: i. #$et L. Lamoureux 
E. Streets 

Analyst(s): R. Heinrich 

Cl: Green 
L. Lamoureux 

File E. Streets 
R. Qeinrich 

‘ts L. Wetter 

--.-- -.-. .,. _. - 



Report Number: 89-4091 

Gamma Spectroscopy, pCi/g 

Page 2 

Your # Cnt. 214-B; 226-Ra 228-k 229-Th 137-cs 234m-Pa 236-U 40-K 
(ACL #I Date 809 352 911 683 861 1001 185 1460 
------------------------------------------------- ----------------------------------------------------- ------------------------------ 
000A B-10-89 7.02 7.23 13.83 13.81 2.81 189.8 53.36 7.68 
(89-4091-16) + 0.20 2 0.24 z 0.68 + 0.47 *, 0.13 2 17.0 +, 11.12 -+ 1.94 
-------------------------------------- ------------------------------------------------------------------------------------------- ---em 

8000 7-19-89 6.64 8.89 18.79 19.38 2.52 171.9 48.97 9.04 
(89-4091-16) 2 0.33 2 0.23 +, 0.64 2 8.60 t 0.12 + 16.6 2 10.83 f. 1.88 
--_----------------^---------------------------- ------------------------------------------------------------------------------------ 

Notes: 
1. A dash (-) Indicates that a nuclide was not identified in the sample. 
2. Lower limit of detection fLLD1 is indicated by a caret (0. This Is based on the counting statistics and is 3.29 times the 

. r 

one-sigma counting error in a specific counting situation; i.e., count time, detector efficiency, sample density, etc. 
3. Each result indicates a 2 two-sigma counting error. 
4. 227-Th and 231-Pa ware also identified in the following samples: 

227-Th 231-Pm 
Your # 270 236 

------------------------------------------------ 
442 2.72 + 0.47 2.02 + 0.48 
446 3.41 + 0.25 3.31 2 0.28 
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nple Material: 

ANALYTICiiL’&-lEMISTRY LABORATORY 
Argonne National Laboratory 

Argonne, IL 60439 

REPORT OF ANALYTICAL RESULTS 

rmitted by: 

'Number 

Soils 

M. Robinet 

BL-NJ-112 

-445 -12 

-5OOB -14 

-6OOB -16 

Our Number 

89-0593-07 

Date Received: 8/l/89 

Date Reported: 10/25/89 

Mass Spec. Isotopic Analyses, Wt. % 
u234 U235 U236 U238 

0.0187 2.290 0.0062 
f 0.0005 f 0.011 f 0.0005 

0.0051 0.718 <0.0005 
+ 0.0005 f 0.004 

0.0065 0.832 0.0011 
f 0.0005 f 0.004 + 0.0005 

0.489 '5.083 0.0170 
+ 0.0005 + 0.025 2 0.0005 

In all samples, Wt. % U233 ~0.0005. 

97.704 
f 0.012 

99.277 
+ 0.004 

99.161 
f 0.005 

94.851 
f 0.026 

)TE: Samples will be discarded one (1) month after date of report unless otherwise arranged. When making 
ure inquiries regarding this work, you 

e results reported here, please call 
muft reiVuehnce OUR number(s)abo For further information about 

. n kd? at2- 7399 . *WI * 

Yes To: M. Robinet A. Essling 
G. Mosho E. Rauh 
D. Green File 
0. Graczyk 

Analyst(s): A. Essling 
A. Essling 

mD 
4 11o.aq 

. - .-.._ I 11, __-.._- -- 



Argonne National Laboratory/Analytical Chemistry Laboratory 

Report of Analysis Date Received: August 7,1989 

Sample: Soils 
Source: M.Robinet 

Report Number: 89-4100 

Gamma Spectroscopy, pCi/g 

226-Ra 226-RP 232-Th 228-Th 137-cs 238-U 236-U 40-K 227-Th 231-Pa 
Your # (214-Bi) (214-Pb) (228-AC) 
(ACL #I 

(137-Ba) (234m-Pa) (227-Th) 
609 362 911 

W;;V 
661 1001 186 1460 

@+;a) 
236 

--------------------_________^^_________-------------------------------------------------------------------------------------------- 
BB Mesh 61.6 63.1 1.3 1.3 1.4 110.7 10.1 16.1 3.0 2.8 
(89-4100-01) 2 0.6 2 0.4 = 0.3 * 0.2 + 0.1 ~14.0 2 0.1 2 1.4 2 0.4 2 0.3 
------------------------------------------------------------------------------------------------------------------------------------ 
A6 Mesh 37.2 36.3 1.9 1.8 4.4 91.7 13.9 18.2 4.6 2.0 
(89-4100-02) 2 0.4 2 0.4 ,+ 0.3 ,+ 0.2 2 0.1 + 12.1 2 0.1 + 1.8 2 0.6 + 0.4 
------------------------------------------------------------------------------------------------------------------------------------ 
Al2 Mesh 39.2 40.7 2.6 2.6 10.3 107.8 36.4 16.8 2.4 1.9 
(89-4100-03) + 0.6 + 0.6 + 0.4 2 0.3 2 0.2 + 13.8 + 0.2 2 1.8 2 0.3 2 0.4 
,,,,,,,,,,,,,,,,,,,r,,-,-,,--,---,-,,,,,-------------------------------------------------------------------------------------------- 
A26 Mesh 23.1 23.6 6.6 6.4 10.9 120.3 102.3 10.4 3.4 1.7 
(89-4100-04) _ + 0.4 + 0.3 + 0.6 + 0.3 + 0.2 2 14.0 2 0.4 t 2.0 2 0.7 + 0.3 
__________-_____------------------------------------------------------------------------------------------------------------------- 
A30 Mesh 22.6 21.9 6.1 6.8 10.0 109.0 92.9 12.4 3.4 1.9 
(89-4100-06) 2 0.3 ,+ 0.2 + 0.3 + 1.8 t 0.1 2 10.0 + 0.4 2 1.4 2 0.6 z 0.3 
_________________------------------------------------------------------------------------------------------------------------------- 
A60 Mesh 19.7 19.4 7.1 8.6 12.2 167.6 163.6 8.6 7.2 3.0 
(89-4100-06) +, 0.6 2 0.4 5 0.6 +, 0.6 2 0.3 2 21.1 1s. 0.7 + 3.1 + 0.8 + 0.6 
___-_------------------------------------------------------------------------------------------------------------------------------- 
Note: 

1. Each result indicates a + two-sigma counting error. 
2. 236-U and 223-Ra levels Indicate the presence of interfering gamma rays from other natural decay chains. 
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ANALYTICAL CHEMISTRY LABORATORY 

Argonne National Laboratory 
Argonne, IL 60439 

REPORT OF ANALYTICAL RESULTS 

mple Material: Soils 

lbmitted by: M. Robinet 

Your Number 1 

YBL-NJ-101A 

-1OlB 

-102A 

-1028 

-105 

-105Dup 

-111 

-112 

-121 

-4OOA 

-4OOB 

-442 

-445 

-445Dup 

-5OOA 

-5OOB 

-6OOA 

-6008 

Our Number 

89-0593-01 

-02 

-03 

-04 

-05 

-05 

-06 

-07 

-08 

-09 

-10 

-11 

-12 

-12 

-13 

-14 

-15 

-16 

Date Received: 8/l/89 

Date Reported: 8/24/89 

micrograms U/g of Sample 

3.9 

3.7 

3.4 

3.7 

Duplicate 

3.1 
1 

3.4 

7.5 

10.0 

3.6 

3.1 

2.3 

8.9 

Duplicate 

17.7 ) 

16.9 

3.2 

17.3 

36.9 

116.5 

334.2 

403.9 

Estimated accuracy is 210% of the reported value. 

OTE: Samples will be discarded one (1) month after date of report unless otherwise arranged. 
ture inquiries regardin this work, you must reference OUR number(s) above. For further info 
e results reported here, please call T. TenKate at2- 7399 . 

When making 
rmation about 

ei:; 9: pyi 
I D: Green File 
I /amb R. Heinrich 
'.RG (10 art 



ANALYTICAL CHEMISTRY LABORATORY 
Argonne National Laboratory 

Argonne, IL 60439 

REPORT OF ANALYTICAL RESULTS 

Sample Material: SOilS Date Received: 8/T/89 

Submitted by: M. Robinet Date Reported: 10/25/8g 

Your Number Our Number 
Mass Spec. Isotopic Analyses, Wt. % 

U234 U235 U236 U238 

NBL-NJ-86 Mesh 89-0612-01 0.0106 1.304 0.0018 98.684 
f 0.0005 It 0.007 + 0.0005 + 0.008 

-A6 Mesh -02 0.0222 2.534 0.0053 97.439 
+ 0.0011 + 0.013 2 0.0005 + 0.015 

-A12 Mesh -03 0.0731 7.867 0.0196 92.040 
5 0.0005 + 0.040 f 0.0005 f 0.041 

-A25 Mesh -04 0.1323 14.040 0.0365 85.791 
+ 0.0006 f 0.070 f 0.0005 f 0.071 

-A30 Mesh -05 0.1466 15.847 0.0398 83.966 
2 0.0007 f 0.079 f 0.0005 + 0.080 

-A50 Mesh -06 0.1762 18.908 0.0464 80.870 
f 0.0009 + 0.095 2 0.0005 + 0.096 

In all samples, Wt. % U233 ~0.005. 

NOTE: Samples will be discarded one (1) month after date of report unless otherwise arranged. When making 
future inquiries regarding this work, you rnpt rJ:rnce OUR number(s) above. For further information about 
the results reported here, please call - AliP at 2- 7399 . 

Copies To: M. Robinet 
'G. Mosho 

D. Green 
D. Graczyk 

/amb 
CMT-III (1084l 

A. Essling 
E. Rauh 
File 

Analyst(s): A. Essling 
E. Rauh 
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existing site conditions. Bechtel’s Zero Accident policy requires strict adherence with these 
documents. 

Because of Conrail’s knowledge regarding the hazards of working on their tracks, we 
have already contacted Conrail for information to ensure a safe operation. 



. 

Mr. Mclouis Robinet 
Argonne National Laboratories 
ESH-TS Building 201 
9700 s. Cass Street 
Argonne, IL 60439 

Reference: Analytical Results for 
RFW Batch 8906L594 

208 WELSH POOL ROAD 
PICKERING CREEK INDUSTRIAL PARK 
LIONVILLE, PA 19353 
PHONE: (215) 524.7360 
TELEX: 83-5348 

15 August 1989 

Enclosed are the analytical results for the above listed RFW 
batch. 

If you have any question regarding these data, please do not 
hesitate to call. I will be contacting you shortly regarding 
options for sample disposal. 

Very truly yours, 

ROY F. WESTON, INC. 

Benjamin Shapiro 
Project Manager 
Analytics Division 

BWgj k 

Enclosure: 



ANALYTICAL CHEMISTRY LABORATORY 
Argonne National Laboratory 

Argonne, IL 60439 

REPORT OF ANALYTICAL RESULTS 

Sample Material: Soils 

Submitted by: M. Robinet 

Date Received: G/7/89 

Date Reported: g/29/89 

Your Number 

I36 Mesh 

A6 Mesh 

A12 Mesh 

A25 Mesh 

A30 Mesh 

A50 Mesh 
A50 Mesh 

3ur Number 

39-0612-01 

-02 

-03 

-04 

-05 

-06 
-06 Duplicate 

micrograms U/g of Sample 

201 

135 

165 

247 

217 

404 
391 

Estimated accuracy is -+lO% of the reported value. 

NOTE: Samples will be discarded one (1) month after date of report unless otherwise arranged. When making 
future inquiries regarding this work, you must reference OUR number(s) above. For further information about 
the results reported here, please call T. TenKate at 2- 7399 

Copies To: M. Robinet A. Essling Analyst(s): T. TenKate 
G . Mosho: 

/ 
T. TenKate 

D. Green File 7 
R. Heinrich 

/vts D. Graczyk 
CMT.84 (10.84) 



ROY F. WESTON, INC. 

GLOSSARY OF TERMS - INORGANIC REPORTS 

DATA OUALIFIERS 

u - 

* - 

Indicates that the parameter was not detected at or 
above the reported limit. The associated numerical 
value is the sample detection limit. 

Indicates that the original sample result is greater 
than 4x the spike amount added. The USEPA-CLP has 
determined that spike results on samples where this 
occurs may be unreliable and, therefore, the control 
limits are not applicable. 

ABBREVIATIONS 

MB - Method or preparation blank. 
MS - Matrix Spike. 
MSD - Matrix Spike Duplicate. 
REP - Sample Replicate. 
LC - Indicates a method LCS or Blank Spike. 
NC - Not calculable, result below the detection limit. 

LABORATORY CHRONOLOGY AND HOLDTIME REPORT 

The test code listed indicates the specific analysis or 
preparation procedure employed. The codes may be 
interpreted as follows: 

MAAW - 
MAAS - 
MICW - 
MICS - 

M**TO- 

M**SO- 

M**EP- 

I**TO- 

Metals prep test for AA digestion, water matrix. 
Metals prep test for AA digestion, soil matrix. 
Metals prep test for ICP digestion, water matrix. 
Metals prep test for ICP digestion, soil matrix. 

This type of code indicates a total metal analysis 
(eg. MAGTO indicates an analysis for total silver). 

This type of code indicates a soluble metal analysis. 
(eg. MAGSO indicates an analysis for soluble silver). 

This type of code indicates an EPTOXICITY metals 
analysis (eg. MAGEP indicates an analysis for eptox 
silver). 

This type of code indicates a non-metallic total 
analysis. There is also a complimentary soluble 
analysis for each of these codes (eg. ICNTO 
indicates an analysis for total cyanide). 

A suffix of -R or -S following these codes indicates a 
replicate or spike analysis respectively. 



ROY F. WESTON INC. 
LIONVILLE LABORATORY 

CLIENT: ARGONNE NAT'L LAB 
RFW #: 8906L594 
W.O. #: 2104-09-01-0000 

SAMPLES RECEIVED: 06-08-89 

INORGANIC NARRATIVE 

The following is a summary of the quality control results and a 
description of any problems encountered during the analysis of 
this batch of samples: 

1. All sample holding times as required by 40CFR136 were met 
for water samples. Note: Holding times for soil samples 
have not been promulgated by the USEPA. 

2. All preparation blanks were analyzed below the required 
detection limit. 

3. All calibration verification checks were within the 
required control limits of 90-110%. Calibration 
verification is performed using independent standards. 

4. All laboratory control standards (blank spikes) were 
within the control limits of 80-120%. 

5. All replicate results were within the 20% guidance limit. 

6. The analytical methods applied by the laboratory, unless 
otherwise requested, for all inorganic analyses are derived 
from the USEPA Method for Chemical Analvsis of Water and 
Wastes (USEPA 600/4-79-020), and Standard Methods for the 
Examination of Water and Wastewater 16 ed. Methods for the 
analysis of solid samples are derived from Test Methods for 
Evaluatina Solid Waste (USEPA SW846). 

NOTE: For solid samples, all results are reported on a dry 
weight basis. 

(1 

Mark F. Saunders 
&j$, A/&i& &/> 

Da e Debra';. Wdfte /Date 
Wet Lab Unit Leader Inorganic Section Manager 
Lionville Analytical Laboratory Lionville Analytical Laboratory 



ROY F. WESTON INC. 

INORGANICS LABORATORY CONTROL STANDARDS REPORT 06/27/89 

SPIKED SPIKED 
SITE ID ANALYTE SAMPLE AMOUNT UNITS %RECOV 
PI=='PIPP======'oIPP ===P=SSIISltl==P'eeP== =r==== --w-m- ------ --____ --m-e- ------ ---_-_ 
89LClOO-LCSl CYANIDE, TOTAL LCS 9.8 10.0 MG/KG 98.5 

89LClOO-LCS2 CYANIDE, TOTAL LCS 9.7 10.0 MG/KG 97.3 



, ROY F. WESTON INC. 

INORGANICS PRECISION REPORT 06/27/89 

-1ENT: ARGONNE NAT'L LAB WESTON BATCH b: 8906L594 
JORK ORDER: 2104-09-01-0000 

INITIAL 
;AMPLE SITE ID ANALYTE RESULT REPLICATE % DIFF 
z====== ========E===T======P =====EPEI==I=====tlPr== ________ -B-w---- ========= r=====r 
-0OlREP 500 A % SOLIDS 80.2 80.6 0.40 



INORGANICS 

ARGONNE NAT'L LAB 
3ER: 2104-09-01-0000 

SITE ID 
t=============P==‘=’ 
89LClOO-MB1 

ROY F. WESTON INC. 

METHOD BLANK DATA SUMMARY PAGE 

ANALYTE 
=I=I=====I'PI====Lp==== 
CYANIDE, TOTAL 

06/27/89 

WESTON BATCH #: 

RESULT UNITS 
======== ---we- --m--_ 

1.0 u MG/KG 

8906L594 

REPORTING 
LIMIT 
========== 

1.0 



ROY F. WESTON INC. 

I INORGANICS DATA SUMMARY REPORT 06/27/89 

:LIENT: ARGONNE NAT'L LAB WESTON BATCH #: 8906L594 
tlORK ORDER: 2104-09-01-0000 

SAMPLE 
==P==== 
-001 

-002 

1 -003 

I -004 

I -005 

~ -006 

-007 

SITE ID ANALYTE 
o=================== ========I============== 
500 A % SOLIDS 

CYANIDE, TOTAL 

500 B % SOLIDS 
CYANIDE, TOTAL 

600 A % SOLIDS 
CYANIDE, TOTAL 

600 B % SOLIDS 
CYANIDE, TOTAL 

601 A % SOLIDS 
CYANIDE, TOTAL 

601 B % SOLIDS 
CYANIDE, TOTAL 

602 % SOLIDS 
CYANIDE, TOTAL 

RESULT UNITS 
======s= ===s== 
80.2 % 

1.2 u MG/KG 

83.0 
1.2 u ~G/KG 

75.0 % 
11.4 MG/KG 

64.6 % 
1.5 u MG/KG 

79.6 
1.3 u ~G~KG 

72.7 
1.4 u ~G/KG 

91.5 
1 .i u ~/KG 

REPORTING 
LIMIT 
========== 

0.10 
1.2 

0.10 
1.2 

0.10 
1.3 

0.10 
1.5 

0.10 
1.3 

0.10 
1.4 

0.10 
1.1 



Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,1-Dichloroethene 
1,1-Dichloroethane 
1,2-Dichloroethene (total) 
Chloroform 
1,2-Dichloroethane 
P-Butanone 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,2-Dichloropropane 
cis-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
Trans-1,3-Dichloropropene 
Bromoform 
4-Methyl-2-pentanone 
2-Hexanone 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
*= Outside of EPA CLP QC limits. 

Cust ID: 500 A 500 A 500 B 600 A 600 B 601 A ' 

Sample RFW#: 001 001 MS 002 003 004 005 
Information Matrix: SOIL SOIL SOIL SOIL SOIL SOIL ” 

D.F.: 1.00 1.00 1.00 1.00 1.16 1.16 
Units: w/Kg WKg w/Kg w/Kg w/Kg 
Level: LOW LOW 

;;i"g 
LOW MED MED 

Toluene-d8 119 * % 108 % 121 *% 180 *% 94 % 105 % 
Surrogate Bromofluorobenzene 101 % 87 % 77 % 70 * % 107 % 
Recovery 1,2-Dichloroethane-d4 104 % 94 % 95 % 99 % 

;; ; 
107 % 

===============-------=== ==================== f-1 ============fl============fl=============fl============fl============fl 
12 u 
12 u 
12 u 
12 u 

4: Ii 

i iI 
6 U 
6 U 
6 U 
6 U 

12 u 

i u" 
12 u 

: 1 
6 U 

: tl 
6 U 
6 U 
6 U 
6 U 

12 u 
12 u 
6 U 
6 U 

12 u 
12 u 
12 u 
12 u 
10 B 
7 38 
6 U 

114 % 

; i 
6 U 
6 U 

12 u 
6 U 
6 U 

12 u 
6 U 
6 U 

1366 ; 

: i 
120 % 

6 U 
6 U 

12 u 
12 u 
6 U 
6 U 

13 u 
13 u 
13 u 
13 u 
13 B 
13 B 
3 J 
7 u 
7 u 
7 u 
7 u 
7 u 

13 u 

: ; 
13 u 
7 u 

: ki 
7 u 
7 u 
7 u 
7 u 
7 u 
7 u 

13 u 
13 u 
7 u 
7 u 

18 U 
18 U 
18 U 
18 U 
32 B 
21 B 
9 u 
9 u 
9 u 
9 u 
9 u 
9 u 

18 U 

ii ki 
18 U 
9 u 

; u" 
9 u 
9 u 
9 u 
9 u 
9 u 
9 u 

18 U 
18 U 
22 
9 u 

1800 U 
1800 U 
1800 U 
1800 U 
640 JB 

4700 B 
910 u 
910 u 
910 u 
910 u 
910 u 
910 u 

1300 J 
910 u 
910 u 

1800 U 
910 u 
910 u 
910 u 
910 u 
910 u 
910 u 
910 u 
910 u 
910 u 

1800 
1500 J 
910 u 
910 u 

1400 u 
1400 u 
1400 u 
1400 u 
510 JB 

1400 u 
720 U 
720 U 
720 U 
720 U 
720 U 
720 U 

1400 u 
720 U 
720 U 

1400 u 
720 U 
720 U 
720 U 
720 U 
720 U 
720 U 
720 U 
720 U 
720 U 

1400 u 
1400 u 
720 U 
720 U 

L’ 



RFW Batch Number: 8906L594 Client: ARGONNE NAT'L LAB Work Order: 2104-09-01-0000 Paqe: lb 
Cust ID: 500 A 500 A 500 B 600 A 600 B 601 A 

RFW#: 001 001 MS 002 003 004 005 
Level: LOW LOW LOW LOW MED MED 

Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xylene (total) 
*= Outside of EPA CLP QC limits. 

115 % 25 910 u 720 U ii tl 
106 % 

: ;i 
9 u 910 u 720 U 

ii ! ii i : 1 
9 u 910 u 720 U 

910 u 720 U 
6 U 6 U 7 u ; ! 910 u 720 U 



U 

J 

B 

E 

I 

X 

NQ 

Cmlgum3wasanalyzedfor~not 
rmerical value is the estimbd 
which is imhxkd and corrected 
mOiStUS. 

detect&. The associated 
mle quantitation limit 
for dilution and percent 

IIniica~ an eistimiw vdlue. Thisflagisusedeitherwhen 
estianatizq a commtratia for tentatively identified 
amqads wkre a 1:l respaws iszissmEdorwhenthemass 
z5pecea data idkate the pmsexeofam@u~Mthatrrreets 
the identification criteria but the result is less than the 
specified detectim limit kR gma* than zem; for exmple, 
ifthelimitofdetectianis10ug/Larda canaerrtration of 3 
q/Liscalailated,itisrepo33xdas3J. 

msflagisusdwimltheanalywisfalrdintheasociat& 
blank as well in me 
pobsible/pmAable b: c=hminatim. 

sample. It iraicates 
Thisi flag ii3 also used 

fora~Caswellasfcffa~iti~yi~fied'IC1ocrrpamd. 

Indicates that tb ccqcurd w &!tecbd m- 
calibratial raxqe ixd was ~yanalyzedatadilution. 

Irrterference. 

pdditid qmlifiers us& as mquird are -la- in the 
case narrative. 

BssaiLt qualitatively OQlfiLmed ht not able to quantify. 

blank spiksi in whiti reagent grade water is spiked 
CLPmatrix spikbq solutims ard carried thm2gh all 
inthe-. spike remveries are mporbd. 

blankspikeduplicate. 

matrix spike. 

matdxspiJa9&plicab~ 

thatslumqate-es~notabtainedbecause 
tbe~badtobedilutedfortiysis. 

Nat a@icable. 

Dilutimfactar. 



ROY F. WESTON, INC. 
Lionville Laboratory 

CLIENT: Argonne National Lab SAMPLES RECEIVED: 06-08-89 
RFW# : 8906L594 
w.o.# : 2104-09-01 

NARRATIVE 

The set of samples consisted of 8 soil samples collected 
on 06-06,07-89. Samples 600B, 601A, 601B and 602 were 
radioactive. 

Samples were analyzed according to criteria set forth in Method 
8240 for VOA target compounds on 06-09,16-89. 

The following is a summary of the QC results accompanying these 
sample results and a description of any problems encountered 
during their analysis: 

1. Four of 33 surrogate recoveries are outside 
EPA QC limits. 

2. Non-target compounds were not detected in these 
samples. 

3. The laboratory blank contains methylene 
chloride and acetone at levels less than 2X 
the CRQL. 

4. All matrix spike recoveries are within EPA CLP 
QC limits. 

5. There was Hexane contamination from the system 
found in samples 600B and 601A. 

DATE 
Vice President/Laboratory Manager 
Lionville Analytical Laboratory 



ROY F. WESTON, INC. 
Lionville Laboratory 

CLIENT: ARGONNE NATIONAL LAB SAMPLES 
RFW #: 8906L594, BNA 
W.O. #: 2104-09-01 

NARRATIVE 

RECEIVED: 06-08-89 

The set of samples 
on 06-06,07-89. 

consisted of seven soil samples collected 

The samples were extracted on 06-09-89 and analyzed according to 
criteria set forth in Method 8270 for TCL BNA target compounds on 
06-16,19,20-89. 

The following is a summary of the QC results accompanying these 
sample results and a description of any problems 
during their analysis: 

encountered 

1. 

2. 

3. 

4. 

5. 

One of 66 surrogate recoveries is outside EPA QC 
limits. However, 
criteria i.e., no 

EPA CLP surrogate recovery 
more than one outlier per 

fraction (acid and base neutral) and no recoveries 
less than lo%, are met. 

The matrix spike/spike duplicate recoveries could 
not be obtained due to dilution required for 
analysis. 

All blank spike recoveries are within EPA QC 
limits. 

The following samples required dilution because 
they contained high levels of both target and 
non-target compounds: 

Samole ID Dilution Factor 

500 A 5 
500 B 5,50 
600 A 5 
601 B 5 
602 5 
500 BMS 5 

Non-target compounds were detected in these 
samples. 

Carter 'Nulton, Ph.D. 
Vice President/Laboratory Manager 
Lionville Analytical Laboratory 

--- .---- I .- -.--.-1 



. . . . ----.. ..-...--. . ---"--- , ., * .-..... *...wY,...b . . . . . - _..- -, _-. . --. - 
Cust ID: 601 B 602 603"“ " VBLK VBLK 

RFW#: 006 007 008 89LVY146-MB1 89LVH090-MB1 
Level: MED MED LOW LOW MED 

Toluene 
Chlorobi mzene 
Ethylbenzene 
Styrene 
Xylene (total) 
*= Outside of EPA CLP QL ~lrnlts. 

730 u 660 u 5 u 620 U 
730 u 660 u 

: i 
5 u 620 U 

730 u 660 u 6 U 5 u 620 U 
730 u 660 u i ! 5 u 620 U 
730 u 660 u 5 u 620 U m.. -. . . 



U 

J 

B 

E 

A 

I 

X 

6s - 

BSD - 

ls - 

SD- 

DL - 

NA- 

OF - 

NR- 

m. Ry asscciamd 
sample qumtitation litit 
for dilutim arxi pem2nt . 

flag is u& either when 
estimating a amcmtmtion for tentativaly identified 
OJllpQunds 4le.m a 1:l mspnaisassurmdorwhenthe~ 
speetml data indicate tin presaa of a CQIpourd that mets 
the idmtification critaria ht ti rmsult is lem than the 
-ifid detection limit but grmmr than mm; for example, 
if the limitof~ian i.slOwLard a aancmtmtion of 3 
ug/LiscalaAatd,itisraportdasU. 

T?lisflagisuJmdvhan~Mal~isfamdin~r-urriated 
blank a~ ml1 as in th samle. It irdicates 
pc6sible/prctiable blank cmtamimtia!. 
for a TIC as kall 

elb flsg.isl also us& 
as fora~itivnly iM8tifidTCLw. 

alciol~ticm prduct. 
mtarf-. 
hdditimal qualifius us& as e am explaind 
ase narrative. 

IrdicaW blank spih in which rsaqont grade water is . . . _ spiked 
wth ttm Qp matrix spi.kQq ~lutions ard carrid throqh all 
therrclpinthalethod. spike -irs ax8 r?!!pamxL 

Indicam blank spike duplicatr. 

zndicatr tmtrLt spike. 

micatnmatrix3p~dupli~~. 

frriicatr that mta nzweriaabmmnutabtajnadbeca~ 
tha~hadta~dilutadforanalysb. 

Nut applicable. 

Dilutim factor. 

t-&t-. 

in the 



Roy F. Weston, Inc. - Lionville Laboratory 
Semivolatilee by GC/MS, HSL List Report Date: 07/18/89 lo:26 

RFW Batch Number: 8906L594 Client: ARGONNE NAT'L LAB Work Order: 2104-09-01-0000 Pase: la 

Cuet ID: 500 A . 500 B 500 B 500 B 600 A 600 A 

Sample RFW#: 001 002 002 DL 002 MS 003 003 REP 
Information Matrix: SOIL SOIL SOIL SOIL SOIL SOIL 

D.F.: 5.55 5.55 55.5 5.55 5.55 1.11 
Unite: wk ug/Kg ug/Kg %dKg w/Kg ug/Kg 

Nitrobenzene-d5 53 % 58 % D % 50 % 66 % 32 % 
Surrogate 2-Fluorobiphenyl 63 % 70 % D % 63 % 68 % 48 % 
Recovery p-Terphenyl-d14 74 % 98 0 D % 67 % 49 % 55 % 

Phenol-d5 61 % 59 % D % 60 % 61 % 30 % 
2-Fluorophenol 44 % 47 % D % 54 % 42 % 20 * % 

2,4,6-Tribromophenol 63 % 55 % D % 52 % 57 % 26 % 
=====================P3fPI ===E==100==tlle5P11fl==~=====~===fl===========~fl========~~== fl===rrP==E==Pfl'PI=P=====Prfl 
Phenol 
bis(2-Chloroethyl)ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Benzyl alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
bis(2-Chloroi6opropyl)ether 
4-Methylphenol 
N-Nitroeo-Di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Ieophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Benzoic acid 
bis(2-Chloroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4-chloroaniline 
Hexachlorobutadiene * 
4-Chloro-3-methylphenol 
P-Methylnaphthalene 
Hexachlorocyclopentadiene 
*= Outeide of EPA CLP QC limite. 

2200 u 
2200 u 
2200 u 
2200 u 
2200 u 
2200 u 
2200 u 
2200 u 
2200 u 
2200 u 
2200 u 
2200 u 
2200 u 
2200 u 
2200 u 
2200 u 

11000 u 
2200 u 
2200 u 
2200 u 

480 J 
2200 u 
2200 u 
2200 u 
2200 u 
2200 u 

2400 U 
2400 U 
2400 U 
2400 U 
2400 U 
2400 U 
2400 U 
2400 U 
2400 U 
2400 U 
2400 U 
2400 U 
2400 U 
2400 U 
2400 U 
2400 U 

12000 u 
2400 U 
2400 U 
2400 U 
1100 J 
2400 U 
2400 U 
2400 U 

600 J 
2400 U 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

D % 
2500 U 

D % 
2500 U 

D % 
2500 U 
2500 U 
2500 U 
2500 U 
2500 U 

D % 
2500 U 
2500 U 
2500 U 
2500 U 
2500 U 

12000 U 
2500 U 
2500 U 

D % 
290 J 

2500 U 
2500 U 

D % 
2500 U 
2500 U 

3300 
3300 
3300 
3300 
3300 
3300 
3300 
3300 
3300 
3300 
3300 
3300 
3300 
3300 
3300 
3300 

17000 
3300 
3300 
3300 

400 
3300 
3300 
3300 
3300 
3300 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
J 
U 
U 
U 
U 
U 

680 
680 
680 
680 
680 
680 
680 
680 
680 
680 
680 
680 
680 
680 
680 
680 

3400 
680 
680 
680 
680 
680 
680 
680 
680 
680 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 



2,4,6-Trichlorophenol 
2,4,5-TrichloroDhenol 

.ene 

3iNitroaniline 
Acenaphthene 
2,4-DinitroDhenol 
4iNitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
Diethylphthalate 
4-Chlorophenyl-phenylether 
Fluorene 
I-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitroeodiphenylamine (1) 
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-n-Butylphthalate 
Fluoranthene 
Pyrene 
Butylbenzylphthalate 
3,3*-Dichlorobenzidine 
Benzo(a)anthracene 
Chrysene 
bie(2-Ethylhexyl)phthalate 
Di-n-Octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 

2200 u 
11000 u 

2200 u 
11000 u 

2200 u 
320 J 

2200 u 
11000 u 

1400 J 
11000 u 
11000 u 

810 J 
2200 u 
2200 u 
2200 u 
1800 J 

11000 u 
11000 u 

2200 u 
2200 u 
2200 u 

11000 u 
14000 

3400 
2200 u 

23000 
25000 

2200 u 
4400 u 
9500 

12000 
2200 u 
2200 u 
7400 
8200 
8200 
4000 
1500 J 
4900 

2400 U 
12000 u 

2400 U 
12000 u 

2400 U 
1500 J 
2400 u 

12000 u 
5800 

12000 u 
12000 u 

3600 
2400 U 
2400 U 
2400 U 
8300 

12000 u 
12000 u 

2400 U 
2400 U 
2400 U 

12000 u 
32000 
15000 

2400 U 
E 
E 

2400 U 
4900 u 

25000 
34000 

2400 U 
2400 U 

24000 
14000 
20000 

9000 
3500 

10000 

NA 
WA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

79000 
78000 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2500 U 
12000 u 

2500 U 
12000 u 

2500 U 
2500 U 
2500 U 

12000 u 
D % 

12000 u 
D % 
640 J 
D % 

2500 U 
2500 U 
1300 J 

12000 u 
12000 u 

2500 U 
2500 U 
2500 U 
D % 

10000 
2100 J 
2500 U 

16000 
D % 

2500 U 
5000 u 
6800 
9100 
2500 U 
2500 U 
7300 
5500 
6500 
2800 

890 J 
3500 

3300 u 
17000 u 

3300 u 
17000 u 

3300 u 
3300 u 
3300 u 

17000 u 
350 J 

17000 u 
17000 u 

3300 u 
3300 u 
3300 u 
3300 u 
3300 u 

17000 u 
17000 u 

3300 u 
3300 u 
3300 u 

17000 u 
7500 

330 J 
810 J 

11000 
5900 
3300 u 
6700 U 
2300 J 
3900 

850 J 
3300 u 
2500 J 
2500 J 
2300 J 
1400 J 

500 J 
1700 J 

680 u 
3400 u 

680 u - 
3400 u 

680 u 
680 u 
680 u 

3400 u 
680 u 

3400 u 
3400 u 

680 u 
680 u 
680 u 
680 u 
680 u 

3400 u 
3400 u 

680 u 
680 u 
680 u 

3400 u 
1200 

80 J 
1200 
2700 
2000 

680 u 
1400 u 

970 
1500 

790 
680 u 
940 

1100 
730 
480 J 
680 u 
510 J 

(1) - Cannot be separated from Diphenylamine. *= Outside of EPA CLP QC limits. 

: a F 



Roy F. We&on, Inc. - Lionville Laboratory 
Semivolatiles by GC/MS, HSL Liet Report Date: 07/18/89 lo:26 

RFW Batch Number: 8906L594 Client: ARGONNE NAT'L LAB Work Order: 2104-09-01-0000 Paqe: 2a 

Cuet ID: 600 B 601 A 601 B 602 SBLK SBLK BS 

Sample RFW# t 004 005 006 007 89LE0493-MB1 89LE0493-MB1 
Information Matrix: SOIL SOIL SOIL SOIL SOIL SOIL 

D.F.: 1.11 1.11 5.55 5.55 1.11 1.11 
Uniter ug/Kg '-&Kg w/Kg ug& ug/Kg w/W 

Nitrobenzene-d5 69 % 62 0 61 % 74 % 61 % 78 % 
Surrogate 2-Fluorobiphenyl 84 % 76 % 76 % 85 % 65 % 82 % 
Recovery p-Terphenyl-d14 70 % 96 % 101 % 112 % 100 % 101 % 

Phenol-d5 75 % 63 % 63 % 75 % 65 % 77 % 
2-Fluorophenol 53 % 47 % 46 % 58 % 58 % 71 % 

2,4,6-Tribromophenol 72 % 61 % 59 % 63 % 56 % 74 % 
====================IIplrpr- -.cPPSIPP==========fl PI=‘=PI=flPlflPt*lPIPllS15f13e===fl============fl============fl============fl 

Phenol 
bie(2-Chloroethyl)ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Benzyl alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
bie(2-Chloroisopropyl)ether 
I-Methylphenol 
N-Nitroeo-Di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Ieophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Benzoic acid 
bis(2-Chloroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
*= Outside of EPA CLP QC limits. 

570 u 
570 u 
570 u 
570 u 
570 u 
570 u 
570 u 
570 u 
570 u 
570 u 
570 u 
570 u 
570 u 
570 u 
570 u 
570 u 
990 J 
570 u 
570 u 
570 u 
570 u 
570 u 
570 u 
570 u 
570 u 
570 u 

460 U 2300 
460 U 2300 
460 U 2300 
460 U 2300 
460 U 2300 
460 U 2300 
460 U 2300 
460 U 2300 
460 U 2300 
460 U 2300 
460 U 2300 
460 U 2300 
460 U 2300 
460 U 2300 
460 U 2300 
460 U 2300 
800 J 11000 
460 U 2300 
460 U 2300 
460 U 2300 
460 U 13000 
460 U 2300 
460 U 2300 
460 U 2300 
460 U 3500 
460 U 2300 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 
U 
U 

U 

2300 U 
2300 U 
2300 U 
2300 U 
2300 U 
2300 U 
2300 U 
2300 U 
2300 U 
2300 U 
2300 U 
2300 U 
2300 U 
2300 U 
2300 U 
2300 U 

11000 U 
2300 U 
2300 U 
2300 U 
1900 J 
2300 U 
2300 U 
2300 U 
1500 J 
2300 U 

370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
‘370 u 
370 u 
370 u 
370 u 
370 u 
370 u 

1800 U 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 

72 % 
370 u 
75 % 
370 u 
75 % 
370 u 
370 u 
370 u 
370 u 
370 u 
52 % 
370 u 
370 u 
370 u 
370 u 
370 u 

1800 U 
370 u 
370 u 
76 % 
370 u 
370 u 
370 u 
73 % 
370 u 
370 u 



2,4,6-Trichlorophenol 
2,4,&Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
I-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
Diethylphthalate 
4-chlorophenyl-phenylether 
Fluorene 
I-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitroeodiphenylamine (1) 
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-n-Butylphthalate 
Fluoranthene 
Pyrene 
Butylbenzylphthalate 
3,3*-Dichlorobenzidine 
Benzo(a)anthracene 
Chrysene 
bie(2-Ethylhexyl)phthalate 
Di-n-Octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 

570 u 
2900 u 

570 u 
2900 u 

570 u 
570 u 
570 u 

2900 u 
570 u 

2900 u 
2900 u 

570 u 
570 u 
220 JB 
570 u 
570 u 

2900 u 
2900 u 

570 u 
570 u 
570 u 

2900 u 
150 J 
570 u 
250 J 
430 J 
270 J 
570 u 

1100 u 
230 J 
430 J 
270 J 
570 u 
360 J 
220 J 
300 J 
250 J 
120 J 
390 J 

460 U 
2300 U 

460 U 
2300 U 

460 U 
460 U 
460 U 

2300 U 
460 U 

2300 U 
2300 U 

460 U 
460 U 
460 U 
460 U 
460 U 

2300 U 
2300 U 

460 U 
460 U 
460 U 

2300 U 
330 J 

60 J 
47 J 

610 
710 
460 U 
920 u 
410 J 
540 
450 J 
460 U 
510 
370 J 
540 
360 J 
170 J 
510 

2300 U 
11000 u 

2300 U 
11000 u 

2300 U 
420 J 

2300 U 
11000 u 

4000 
11000 u 
11000 u 

2600 
2300 U 
2300 U 
2300 U 
3600 

11000 u 
11000 u 

2300 U 
2300 u 
2300 U 

11000 u 
14000 

3700 
2300 U 

13000 
12000 

2300 U 
4500 u 
5000 
8100 
2300 U 
2300 U 
7000 
3600 
4600 
2300 

860 J 
2800 

2300 U 
11000 u 

2300 U 
11000 u 

2300 U 
1800 J 
2300 U 

11000 u 
530 J 

11000 u 
11000 u 

1500 J 
2300 U 
2300 U 
2300 U 
3500 

11000 u 
11000 u 

2300 U 
2300 U 
2300 U 

11000 u 
15000 

3700 
2300 U 

12000 
11000 

2300 U 
4600 U 
5300 
5900 
1100 J 
2300 U 
3800 
3300 
3700 
1900 J 

740 J 
2000 J 

370 u 
1800 U 

370 u 
1800 U 

370 u 
370 u 
370 u 

1800 U 
370 u 

1800 U 
1800 U 

370 u 
370 u 

41 J 
370 u 
370 u 

1800 U 
1800 U 

370 u 
370 u 
370 u 

1800 U 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
740 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 

370 u 
1800 U 

370 u . 
1800 U 

370 u 
370 u 
370 u 

1800 U 
77 % 

1800 U 
68 % 
370 u 
69 % 
370 u 
370 u 
370 u 

1800 U 
1800 U 

370 u 
370 u 
370 u 
73 % 
370 u 
370 u 
370 u 
370 u 
76 % 
370 u 
740 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 
370 u 

(1) - Cannot be separated from Diphenylamine. *= Outside of EPA CLP QC limits. 



1F CLIENT SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS I 
1500 A 

Lab Name: ROY F. WestOn,InC. Work Order: 2104-09-01-0000 1 

Client: ARGONNE NAT'L LAB 

Matrix: SOIL Lab Sample ID: 8906L594-001 

Sample wt/vol: (g/fi) G 32.7 Lab File ID: MO61611 

Level: (low/med) $&&I Date Received: 06/08/89 

% Moisture: not dec. 23 dec. Date Extracted: 06/09/89 

Extraction: (SepF/Cont/Sonc) SONC Date Analyzed: 06/16/89 

GPC Cleanup: (Y/N) 1c PR: - Dilution Factor: 5.55 

CONCENTRATION UNITS: 
Number TIC8 found: 2 (ug/L or ug/Kg) UG/KG 

f 
I I I I I 

CASNUMBER 1 COMPOUND NAME I RT 1 EST. CONC. 1 Q 1 
I PIP=I=====e15== ell==II=lllrPPI=esP=-p-pI=pI I I ====z== I =ILI==sP=PDIPD -w-w- 

I 2 
lp= 1 19.2816000 r----i 

1 3: 
I== 1 21.5216000 I I 
/PM 1 21.6313000 
1-H 1 21.73)3000 I ! 

I" 
1 26.93~10000 I 
I I I- I 

FORM 1 SV-TIC 12188 Rev. 



. 

Name: 

1F CLIENT SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS I 
1500 B 

ROY F. Weeton,Inc. Work Order: 2104-09-01-0000 1 

snt : ARGONNE NAT'L LAB 

rix: SOIL Lab Sample ID: 8906L594-002 

MO61920 

06/08/89 

06/09/89 

06/20/89 

gle wt/vol: 28.7 (g/mL) G Lab File ID: - 

el: (low/med) &OJ Date Received: 

oisture: not dec. 21 dec. Date Extracted: 

raction: (SepF/Cont/Sonc) SONC Date Analyzed: 

Cleanup: (Y/N) X PB: - Dilution Factor: 5.55 

CONCENTRATION UNITS: 
ber TIC8 found: 5 (ug/L or ug/Kg) UG/KG 

I 
I 

I 
CASNUMBER 1 COMPOUND NAME RT 1 EST. CONC. 

/ 2’ i 19.27i20000 
1 21.48l20000 

1 3: lp= 1 21.60110000 
lp= 1 21.68110000 

1 26.90130000 
I I 

I I 

t Q ===== I 

! I 

1 I 
I I 
S-I 

. . 

FORM 1 SV-TIC 12188 Rev. 



1F CLIENT SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS SHEET 

TENTATIVELY IDENTIFIED COMPODNDS I 
1600 A 

Lab Name: Rev F. Weston,Inc. Work Order: 2104-09-01-0000 1 

Client: ARGONNE NAT'L LAB 

Matrix: SOIL Lab Sample ID: 8906L594-003 

Sample wt/vol: 30.8 (g/mL) G Lab File ID: MO61905 

Level: (low/med) m Date Received: OS/OS/89 

% Moisture: not dec. 46 dec. Date Extracted: 06/09/89 

Extraction: (SepF/Cont/Sonc) SONC Date Analyzed: 06/19/89 

GPC Cleanup: (Y/N) X PH: - Dilution Factor: 5.55 

CONCENTRATION UNITS: 
Number TICS found: 5 (ug/L or ug/Kg) UG/KG 

COMPOUND NAME 
‘3’0P==DP3r==r--tPIDIPIIIIII 
UNKNOWN 
UNKNOWN 
PA?3 
UNKNOWN 
UNKNOWN 

EST. CONC. 
==P======31'1 

5.2712000 
~ 22.6812000 

, 26.8813000 29.5313000 
1 30.97 I4000 

I 
Q 1 ==s:=c= I 

B 1 

I 
I - 

-I 

FORM 1 SV-TIC 12/88 Rev. 



1F CLIENT SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS I 
j600 AREP 

?ame : ROY F. Weston,Inc. Work Order: 2104-09-01-0000 1 

Int: ARGONNE NAT'L LAB 

,iX: 

Ile wt/vol: 

1 

SOIL 

,30.3 (g/mt) G - 

!: (low/med) &OJ 

Lab Sample ID: 8906L594-003 REP 

Lab File ID: MO62008 

Date Received: 06/08/89 

isture: not dec. 46 dec. Date Extracted: 06/09/89 

action: (SepF/Cont/Sonc) SONC Date Analyzed: 06/20/89 

Cleanup: (Y/N) X pH: Dilution Factor: 1.11 

er TICs found: 5 - 
CONCENTRATION UNITS: 
(ug/L or ug/Kg) UG/KG 

I 
CASNUMBER 1 COMPOUND NAME 

I 
I 

I 
RT 

=P=PI=~II=III~I =I=a-II===PI=lP--- I ---=II=PDIP =zx==r: 
I 1. 1 UNKNOWN I 5.32 
I 2. 1 UNKNOWN 19.08 

I 

1 

:- 
I 5: 

I- lp= 1 1 26.93 28.55 
lumcNowN 

I 
1 31.07. 

I I 
.._ 

I. 

I FORM 1 SV-TIC 12/88 Rev. 

EST. CONC. I 
I=PIP=PII=zsP 
600 f 
700 I 
1000 
1000 I 
1000 I 

i 

Q 
I=rPs 

B 

-- 



1F CLIENT SAMPLE NO. .- . 
SEMIVOLATILE ORGANICS ANALYSIS SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS I 
1600 B 

Lab Name: ROY F. Weston,Inc. Work Order: 2104-09-01-0000 1 

Client: ARGONNE NAT'L LAB 

Matrix: SOIL Lab Sample ID: 8906L594-004 

Sample wt/vol: 30.0 (g/mL) G Lab File ID: MO61904 

Level: (low/mea) &OJ Date Received: 06/08/89 

% Moisture: not dec, 36 dec. Date Extracted: OS/OS/89 

Extraction: (SepF/Cont/Sonc) SONC Date Analyzed: 06/19/89 

GPC Cleanup: (Y/N) X PH: - Dilution Factor: 1.11 

CONCENTIZATION UNITS: 
Number TIC6 found: 2 (ug/L or ug/Kg) UG/KG 

I' 
I 

I 

I 
I 
I 
I 

I I I I 
CASNUMBER 1 COMPOUND NAME RT 1 EST. CONC. 1 Q 1 

=z=IIP=s=IaaI= ==e=IPZ=PIPPP=*P=PIIIIP=II=t PP=I=z= =PPsP=DI===PI =i==== I I I 
1. luNKNowN 1 22.6813000 I t 

2. 1 UNKNOWN 1 23.80)2000 3. I- I 24.08)4000 f 1 
4. I- I 25.92l5000 I I 
5. I- I 28.5213000 

I I I 

FORM 1 SV-TIC 12/88 Rev. 



. .s.n a- cm.-- -- .*-s - YO. lr- L;LAJ!iN’L 2iAhFl.d I 

SEXIVOLATILE ORGANICS ANALYSIS SHEET 
TENTATIVELY IDENTIFIED COMPOUNDS I 

1601 A 
b Name: Rov F. Weston,Inc. Work Order: 2104-09-01-0000 1 

ient: ARGONNE NAT'L LAB 

trix: 

nple wt/vol: 

SOIL Lab sample ID: 8906L594-005 

29.9 (g/la) G Lab File ID: X061903 

vel: (low/med) m Date Received: OS/OS/89 

*oisture: not dec. -2.2 dec. Date Extracted: OS/OS/89 

traction: (SepF/Cont/Sonc) SONC Date Analyzed: 06/19/89 

2 Cleanup: (Y/N) X 

nber TICS found: 6 

PB: - Dilution Factor: 1.11 

CONCENTRATION UNITS: 
(ug/L or ug/Kg) UG/KG 

I I 
I CASNUXBER 1 

I 
1 

1 6. I 
I I 

COMPOUND NAXE 
=PP==I==I==PII==IpI=I9==IpII 

UNKNOWN 
TETRACBLOROBIPHBNYL 
PENTACHLOROBIPHE~ 
PENTACHLOROBIPHENYL 
PENTACBLOROBIPHEWYL 
PENTACHLOROBIPHBNYL 

I 1 I 
RT i EST. CONC. i Q 1 

111z3c PIPII======-z- iD=z== I I I 
5.321700 IB I 

19.30~500 
20.331700 I I 
20.67(1000 
21.231900 1 1 
21.5811000 I I 

FORM 1 SV-TIC 12/88 Rev. 



1F 
SEMIVOLATILE ORGANICS ANALYSIS SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name: Roy F. Weston,Inc. Work Order: 2104-09-01-0000 

CLIENT SAMPLE NO. 

601 B 

Client: ARGONNE NAT'L LAB 

Matrix: SOIL Lab Sample ID: 8906L594-006 

Sample wt/vol: 30.0 (g/d) G Lab File ID: MO61917 

Level : (low/med) m Date Received: 06/08/89 

% Moisture: not dec. 19 dec. Date Extracted: 06/09/89 

Extraction: (SepF/Cont/Sonc) SONC Date Analyzed: 06/19/89 

GPC Cleanup: W/W II PB: - Dilution Factor: 5.55 

CONCENTRATION UNITS: 
Number TIC8 found: > (ug/L or ug/Kg) UGhCG 

I I I I 

CASNUMBER 1 COMPOUND NAME 1 RT 1 EST. CONC. * I I I I -m-w--- ----v- =p=x=pl=rp===-- I=D====I=Ptl==Ie==P=P=ISII=P reL==P=z ------------- t ==5== I 

1. IMETHYLNAPHTHALENE 1 11.8312000 I 2. 1 UNKNOWN 1 18.4511000 I I 

3. lpm 1 19.27~4000 I 
4. lp= 1 21.4813000 

t 
5. lp= 1 26.9016000 I 

I I I I- 

FORM 1 SV-TIC 12/88 Rev. 



I . . 1F CLIENT SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS I 
1602 

Tame : Roy F. Weston.Inc. Work Order: 2104-09-01-0000 1 I 

It: ARGONNE NAT'L LAB 

SOIL Lab Sample ID: 8906L594-007 

ble wt/vol: 29.6 (g/m.L) G Lab File ID: MO61919 

L- . (low/med) &OJ Date Received: 06/08/89 

Disture: not dec. 18 dec. Date Extracted: 06/09/89 

caction: (SepF/Cont/Sonc) SONC Date Analyzed: 06/20/89 

Cleanup: (Y/N) X pH: Dilution Factor: 5.55 

CONCENTRATION UNITS: 
382: TICS found: 6 (ug/L or ug/Kg) UG/KG 

-I 

I I CASNUMBER 1 
I =PIP=IIPP=PwI= I 

. 

. 

. 

. 

. 

I - I 

COMPOUND NAME RT 
====‘=========I===========~ ===s=sm 
UNKNOWN 11.83 
PAR 19.03 
PAH 19.10 
PAH 19.28 
PAR 21.48 
PAH 26.87 

I I 
1 EST. CONC. 1 
I PP====I=PPII= 
I1000 f 
l2000 
12000 I 
16000 
I3000 I 
14000 I 
,I I 

Q 
====I 

FORM 1 SV-TIC 12/88 Rev. 



1F CLIENT SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS I 
ISBLX 

Lab Name: ROY F. Weston,Inc. Work Order: 2104-09-01-0000 1 

Client: ARGONNE NAT'L LAB 

Matrix: SOIL Lab Sample ID: 89LE0493-MB1 

Sample wt/vol: 30.0 (g/mL) G Lab File ID: MO61603 

Level: (low/med) m Date Received: 06/09/89 

% Moisture: not dec. 0 dec. Date Extracted: 06/09/89 

Extraction: (SepF/Cont/Sonc) SONC Date Analyzed: 06/16/89 

GPC Cleanup: (Y/N) X PR: - Dilution Factor: 1.11 

CONCENTRATION UNITS: 
Number TICS found: 2 (ug/L or ug/Xg) UG/XG 

I 
I 

1 
I I I 

CAS NUMBER 1 COMPOUND NAME RT 1 EST. CONC. 1 Q 1 

I =P==IIIII=IIPII PPIPI=pP=I===IIP====pz========~ I I ===e== I =P===sPIIII= ====z 
1 UNXHOWN I 5.301400 I I 
IBENZALDEHYDE 
I I 

6.121100 I 
I I- 

FORM 1 SV-TIC 12/88 Rev. 



ROY F. WESTON, INC. 
Lionville Laboratory 

CLIENT: ARGONNE NATIONAL LAB SAMPLES RECEIVED: 06-08-89 
RFW #: 8906L594, PESTICIDE/PCB 
W.O.#: 2104-09-01 

NARRATIVE 

The set of samples consisted of seven soil samples collected on 
06-07-89. 

The samples were extracted on 06-09-89 and analyzed according to 
criteria set forth in the Contract Laboratory Program for 
Pesticides and PCB target compounds on 07-18-89. 

The following is a summary of the QC results accompanying these 
sample results and a description of any problems encountered 
during their analysis: 

1. All obtainable surrogate recoveries are within EPA 
QC limits. 

2. The blank spike recoveries for the 
compounds are outside the EPA QC limits: 

following 

Comnound Name % Recoverv Uooer Limit 

Lindane 142 123 
Dieldrin 148 126 
Endrin 245 121 
DDT 143 127 

3. The following extracted samples required dilution 
because they contained high levels of both target 
and non-target compounds: 

Samole ID Dilution Factor 

500B 10 
500B MS 10 
600A 10 
600A R 10 
600B 5 
601A 20 
601B 20 
602 20 

g ,f 
TUbrc/L &br cr Y- 21+9 

Carter Nulton, Ph.D. DATE 
Vice President/Laboratory Manager 
Lionville Analytical Laboratory 



DATA OUALIFIERS 

GLOSSARY OF PEST/PCB DATA 

u - Indicates that the compounds was analyzed for but not 
detected. The minimum detection limit for the sample 
(not the method detection limit) is reported with the I 
(e.g., IOU). 

J - Indicates an estimated value. This flag is used ii 
cases where a target analyte is detected at a leve: 
less than the lower quantification level. If the limi- 
of quantification is 10 ug/L and a concentration of 
ug/L is calculated, it is reported as 3J. 

B - This flag is used when the analyte is found in thl 
associated blank as well as in the sample. I 
indicates possible/probable blank contamination. Thi 
flag is also used for a TIC as well as for a positive1 
identified TCL compound. 

E - Indicates that the compound was detected beyond th 
calibration range and was subsequently analyzed at 
dilution. 

I - Interference. 

ABBREVIATIONS 

BS 

BSD 

MS 

MSD 

DL 

NA 

DF 

NR 

Indicates blank spike in which reagent grade water i 
spiked with the CLP matrix spiking solutions ar 
carried through all the steps in the method. Spi% 
recoveries are reported. 

Indicates blank spike duplicate. 

Indicates matrix spike. 

Indicates matrix spike duplicate. 

Indicates that recoveries were not obtained because tl 
extract had to be diluted for analysis. 

Not applicable. 

Dilution factor. 

Not required. 

..--““l--.-.-_ 



Cuet ID: 601 A 601 B 602 PBLK PBLK BS 

Sample RFW#: 005 006 007 89LE0493-MB2 89LE0493-MB2 . 

Information Matrix: SOIL SOIL SOIL SOIL SOIL 
D.F.: 20.0 20.0 20.0 1.00 1.00 

Units: w/Kg ugh w/Kg w/Kg ugh 

Surrogate2 Di-n-butylchlorendate 60 % 1% I % 105 % 101 % 
D===I'PP===P=II =P==PPPP===P=P=PI==PI------IP=fl===fl============fl==~=========fl============ ------ fl5=========t=fle=======IPILfl 
Alpha-BHC 
Beta-BHC 
Delta-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor epoxide 
Endosulfan I 
Dieldrin 
4,4*-DDE 
Endrin 
Endoeulfan II 
4,4'-ODD 
Endoeulfan sulfate 
4,4'-DDT 
Methoxychlor 
Endrin ketone 
alpha-Chlordane 
gamma-Chlordane 
Toxaphene 
Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 

200 u 
200 u 
200 u 
200 u 
200 u 
200 u 
200 u 
200 u 
400 u 
400 u 
400 u 
400 u 
400 u 
400 u 
400 u 

2000 u 
400 u 

2000 u 
2000, u 
4000 u 
2000 u 
2000 u 
2000 u 
2000 u 
2000 u 

11000 
4000 u 

200 u 200 
200 u 200 
200 u 200 
200 u 200 
200 u 200 
200 u 200 
200 u 200 
200 u 200 
390 u 400 
390 u. 400 
390 u 400 
390 u 400 
390 u 400 
390 u 400 
390 u 400 

2000 u 2000 
390 u 400 

2000 u 2000 
2000 u 2000 
3900 u 4000 
2000 u 2000 
2000 u 2000 
2000 u 2000 
2000 u 2000 
2000 u 2000 
7700 8900 
3900 u 4000 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
'U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 

8.0 U 
8.0 u 
8.0 U 
8.0 U 
8.0 U 
8.0 u 
8.0 U 
8.0 U 

16 U 
16 U 
16 U 
16 U 
16 U 
16 U 
16 U 
80 U 
16 U 
80 U 
80 U 

160 U 
80 U 
80 U 
80 U 
80 U 
80 U 

160 U 
160 U 

8.0 U 
8.0 U 
8.0 U 

142 * % 
105 % 
110 % 
8.0 U 
8.0 U 

148 * % 
16 U 

245 * % 
16 'U 
16 u 
16 U 

143 * % 
80 U 
16 U 
80 U 
80 U 

160 U 
80 U 
80 U 
80 u 
80 U 
80 U 

160 u 
160 U 

u= Analyzed, not detected. J= Present below detection limit. B= Present in blank. NR= Not requested. NS= Not spiked. 
%= Percent recovery. D= Diluted out. I= Interference. NA= Not Applicable. *= Outside of EPA CLP Qc 



RFW Batch Number: 8906L594 

Roy F. Weston, lnc:. - LJ.UllYLL*r A.lu""cl.br"*J 
Peeti.cide/PCBs by GC, CLP List Report Date: 07/20/89 19:04 

Client: ARGONNE NAT'L LAB Work Order: 2104-09-01-0000 Pase: 1 

Cuet ID: 500 A 500 B 500 B 600 A 600 A 600 B 

Sample 
Information 

RFW#: 001 002 002 MS 003 003 REP 004 
Matrix: SOIL SOIL SOIL SOIL SOIL SOIL 

D.F.: 1.00 10.0 10.0 10.0 10.0 5.00 
Unite: %/Kg w/Kg ug/Kg ug/Kg w/Kg ug/Kg 

Surrogate: Di-n-butylchlorendate 35 % I % I % I % I % I % 
------------------------------ --------------------_^________ P======De=====PflE='=tP====PPfl=='=PrlP====fl============fl============fl t==DI='=====fl 
Alpha-BHC 
Beta-BHC 
Delta-BHC 

i gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor epoxide 
Endosulfan I 
Dieldrin 

i 4,4*-DDE 
Endrin 
Endoeulfan II 
4,4'-DDD 

/ Endosulfan sulfate 
4,4'-DDT 
Methoxychlor 
Endrin ketone 
alpha-Chlordane 
gamma-Chlordane 
Toxaphene 
Aroclor-1016 

,Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 

U= Analyzed, not detected. J= Present 
%= Percent recovery. D= Diluted out. 

9.6 U 110 u 110 u 140 u 150 u 62 U 
9.6 U 110 u 110 u 140 u 150 u 62 U 
9.6 U 110 u 110 u 140 u 150 u 62 U 
9.6 U 110 u 50 % 140 u 150 u 62 U 
9.6 U 110 u 58 % 140 u 150 u 62 U 
9.6 U 110 u I % 140 u 150 u 62 U 
9.6 U 110 u 110 u 140 u 150 u 62 U 
9.6 U 110 u 110 u 140 u 150 u 62 U 

19 u 210 u I % 290 u 290 u 120 u 
19 u 210 u 220 u 290 u 290 u 120 u 
19 u 210 u I % 290 u 290 u 120 u 
19 u 210 u 220 u 290 u 290 u 120 u 
19 u 210 u 220 u 290 u 290 u 120 u 
19 u 210 u 220 u 290 u 290 u 120 u 
19 u 210 u I % 290 u 290 u 120 u 
96 U 1100 u 1100 u 1400 u 1500 u 620 U 
19 u 210 u 220 u 290 u 290 u 120 u 
96 U 1100 u 1100 u 1400 u 1500 u 620 U 
96 U 1100 u 1100 u 1400 u 1500 u 620 U 

190 u 2100 u 2200 u 2900 u 2900 u 1200 u 
96 U 1100 u 1100 u 1400 u 1500 u 620 U 
96 U 1100 u 1100 u 1400 u 1500 u 620 U 
96 U 1100 u 1100 u 1400 u 1500 u 620 U 
96 U 1100 u 1100 u 1400 u 1500 u 620 U 
96 U 1100 u 1100 u 1400 u 1500 u 620 U 

190 u 2100 u 2200 u 2900 u 2900 u 1200 u 
190 u 2100 u 2200 u 2900 u 2900 u 1200 u 

below detection limit. B- Present in blank. NR= Not requeeted. NS= Not spiked. 
I= Interference. NA= Not Applicable. *= Outside of EPA CLP QC 



I Volume i 

DateRec’d.&?1 5 1 o I Date Duo ~-q . . 
RFW contact 

I 

ANALYSES 

Client ContacUPhone REQUESTED + 

b 

\WA U80 Only 
Lab ID Client ID/Description Matrix 

5mn 

M@Mll: W -W&r DS - Drum Sdldr 
S-SON O-011 DL - Drum Llquidr 

Special Instructions: 

SE - 3dlmont A - Air F-FM 

WESTON Analytics 
Use Only 

NOTES: h 

3 Received Broken/ 

5 Received Within 
g Times 

N 

COC Tape Was: 
1 Present on Outer 

4 Unbroken on Sarnpl 

4 
COC Record Was? 

1 ~;;s?mt~~yp~ 

Disaepandes Between 
Sample Labels and CO 
Record? Y N’ 
NOTES: 

e 

RFW 21-21-001/A-7/88 7-115 



ROY F. WESTON, INC. 
Lionville Laboratory 

CLIENT: ARGONNE NAT'L LAB SAMPLES RECEIVED: 06-08-89 
RFW #: 8906L594 
W.O.#: 2104-09-01 

METALS NARRATIVE 

The following is a summary of the quality control results and a 
description of any problems encountered during the analysis of 
this batch of samples: 

1. 

2. 

3. 

4. 

7. 

All sample holding times as required by 40CFR136 
met for water samples. Note: Holding times for 
samples have not been promulgated by the USEPA. 

All calibration verification checks were within 
required control limits of 90-110% (85-115% for 
Calibration verification is performed using 
independent standard from Inorganic Ventures, Inc. 

were 
soil 

the 
Hg) l 

an 

All preparation blanks were analyzed below the required 
detection limit with the exception of iron for which the 
blank concentration was deemed insignificant relative 
to the field sample concentrations. 

All laboratory control standards were within the 
control limits of 80-120% with the exception of one of 
four cadmium LCS which was slightly high. 

Note : USEPA CLP has dropped control limits for 
silver and antimony due to documented 
difficulties in obtaining reliable results. 
WESTON Analytics has adopted the same policy. 

The analytical methods applied by the laboratory for 
the determination of metals, are: 

As: EPA 206.2 Hg: EPA 245.1 
Se: EPA 270.2 ICP Scans: EPA 200.7 
Pb: EPA 239.2 All others: EPA 200.7 
Tl: EPA 279.2 EP Leachates (except Hg): 200.7 

NOTE: For solid samples, all results are reported on a 
dry weight basis. 

t& . 
Inorganic Section Manager 
Lionville Analytical Laboratory 
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ROY F. WESTON INC. 

INORGANICS DATA SUMMARY REPORT 

ARGONNE 
IER: 2104 

SITE I 
==?s=le 
500 A 

NAT'L LAB 
~-09-01-0000 

ANALYTE 
IPtPPIII-LlllllllllpIIO 
SILVER, TOTAL 
ALUMINUM, TOTAL 
ARSENIC, TOTAL 
BAR1 UM, TOTAL 
BERYLLIUM, TOTAL 
CALCIUM, TOTAL 
CADMIUM, TOTAL 
COBALT, TOTAL 
CHROMIUM, TOTAL 
COPPER, TOTAL 
IRON, TOTAL 
MERCURY, TOTAL 
POTASSIUM, TOTAL 
MAGNESIUM, TOTAL 
MANGANESE, TOTAL 
SODIUM, TOTAL 
IIICKEL, TOTAL 
LEAD, TOTAL 
ANTIMONY, TOTAL 
::ELENIUM, TOTAL 
-i'HALLIUM, TOTAL 
;'ANAD I UM, TOTAL 
ZINC, TOTAL 

08/l l/89 

WESTON BATCH #: 8906L594 

REPORTING 
RESULT UNITS LIMIT 
=E='EI=3LI sc:E===E: Elts=l===l 

3.0 MG/KG 2.3 
8040 MG/KG 46.0 

9.6 MG/KG 2.1 
116 MG/KG 46.0 

1.2 u MG/KG 1.2 
4120 MG/KG 1150 

1.2 u MG/KG 1.2 
12.5 MG/KG 11.5 
18.3 MG/KG 2.3 
70.2 MG/KG 5.8 

25100 MG/KG 230 
4.9 MG/KG 0.12 

1150 u MG/KG 1150 
3240 MG/KG 1150 
846 MG/KG 3.5 

1150 u MG/KG 1150 
23.8 MG/KG 9.2 

102 MG/KG 10.4 
13.8 u MG/KG 13.8 
2.2 MG/KG 
2.1 u MG/KG :*i 

26.3 MG/KG 11:5 
97.8 MG/KG 4.6 

.“-*- .*, . 
- 



ROY F. WESTON INC. 

INORGANICS DATA SUMMARY REPORT 08/11/89 

CLIENT: ARGONNE NAT'L LAB 
WORK ORDER: 2104-09-01-0000 

SAMPLE SITE ID ANALYTE RESULT 
13===== -------'IP==IL=====L =====I=P=PD===IP====tP= ==P===== 
-002 500 B SILVER, TOTAL 1.8 u 

ALUMINUM, TOTAL 5410 
ARSENIC, TOTAL 6.4 
BARIUM, TOTAL 61.9 
BERYLLIUM, TOTAL 0.91 u 
CALCIUM, TOTAL 2740 
CADMIUM, TOTAL 0.91 u 
COBALT, TOTAL 12.3 
CHROMIUM, TOTAL 10.7 
COPPER, TOTAL 26.0 
IRON, TOTAL 18600 
MERCURY, TOTAL 0.76 
POTASSIUM, TOTAL 909 u 
MAGNESIUM, TOTAL 2320 
MANGANESE, TOTAL 414 
SODIUM, TOTAL 909 u 
NICKEL, TOTAL 19.2 
LEAD, TOTAL 45.9 
ANTIMONY, TOTAL 10.9 u 
SELENIUM, TOTAL 1.2 
THALLIUM, TOTAL 2.2 u 
VANADIUM, TOTAL 17.1 

' ZINC, TOTAL 107 

WESTON BATCH #: 8906L594 

UNITS 
_----- -me--- 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

REPORTINf 
LIMIT 
======x=: 

1.1 
36.4 

2.; 
36.1 

O.! 
909 

O.! 
9. : 
1 .: 
4' 

182" 
0. 

909 
909 

2. 
909 

7. 
11. 
10. 

1. 

2 
3. 



ARGONNE 
IER: 2104 

SITE I 
==s=== 
600 A 

NAT'L L 
,-09-Ol- 

ROY F. WESTON INC. 

INORGANICS DATA SUMMARY REPORT 

.AB 
0000 

D 
==t==s= 

ANALYTE 
=5='==PP==PI=o1P==31p=P 
SILVER, TOTAL 
ALUMINUM, TOTAL 
ARSENIC, TOTAL 
BARIUM, TOTAL 
BERYLLIUM, TOTAL 
CALCIUM, TOTAL 
CADMIUM, TOTAL 
COBALT, TOTAL 
CHROMIUM, TOTAL 
COPPER, TOTAL 
IRON, TOTAL 
MERCURY, TOTAL 
POTASSIUM, TOTAL 
MAGNESIUM, TOTAL 
MANGANESE, TOTAL 
SODIUM, TOTAL 
NICKEL, TOTAL 
LEAD, TOTAL 
ANTIMONY, TOTAL 
SELENIUM, TOTAL 
THALLIUM, TOTAL 
VANADIUM, TOTAL 
?INC, TOTAL 

08/l l/89 

WESTON BATCH #: 8906L594 

RESULT 
t==5==== 

62.2 
11600 

11.0 
597 

12.3 
3550 

14.2 
12.2 u 
69.5 

1150 
16100 

589 
1220 u 
1660 
338 

1220 u 
354 

1120 
14.7 u 

2.1 
2.2 u 

1940 
5720 

UNITS 
zz===i= 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

REPORTING 
LIMIT 
r;=======II 

4:::: 

4i.i 
3:2 

1220 

1::: 

k;’ 
48:9 

6.7 
1220 
1220 

3.7 
1220 

9.8 
MG)KG 111 
MG/KG 14.7 
MG/KG 
MG/KG :*: 
MG/KG 12:2 
MG/KG 48.9 



ROY F. WESTON INC. 

INORGANICS DATA SUMMARY REPORT 

CLIENT: ARGONNE NAT'L LAB 
WORK ORDER: 2104-09-01-0000 

SAMPLE SITE ID ANALYTE 
======= ====---------======= ---- ===========t=======---- 
-004 600 B SILVER, TOTAL 

ALUMINUM, TOTAL 
ARSENIC, TOTAL 
BARIUM, TOTAL 
BERYLLIUM, TOTAL 
CALCIUM, TOTAL 
CADMIUM, TOTAL 
COBALT, TOTAL 
CHROMIUM, TOTAL 
COPPER, TOTAL 
IRON, TOTAL 
MERCURY, TOTAL 
POTASSIUM, TOTAL 
MAGNESIUM, TOTAL 
MANGANESE, TOTAL 
SODIUM, TOTAL 
IIICKEL, TOTAL 
LEAD, TOTAL 
ANTIMONY, TOTAL 
SELENIUM, TOTAL 
THALLIUM, TOTAL 
VANADIUM, TOTAL 
ZINC, TOTAL 

08/l l/89 

WESTON BATCH #: 8906L594 

RESULT 
E======= 

88.3 
29000 

20.9 
1210 

32.8 
8690 

33.0 
46.6 

130 
934 

58100 
18.5 

2250 
4260 

744 
1190 u 
1990 
2050 

14.3 u 
5.1 
2.4 u 

4200 
9500 

UNITS 
------ ------ 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

REPORTING 
LIMIT 
---me e--e- ___------- 

2.4 
476 

4.8 
47.6 

1.2 
1190 

1.2 
11.9 
2.4 
6.0 

238 
0.6: 

1190 
1190 

3.6 
1190 

9.5 
238 

14.3 
1.2 
2.4 

11.9 
4.8. 



IN0 

ENT: ARGONNE 
!K ORDER: 2104 

IPLE SITE I 
:==== ----mm -w--v- 
I5 601 A 

NAT'L LAB 
~-09-01-0000 

D 
.---e----e--- .-----w------ 

RGAI 

'SZ 

ROY F. WEST0 

VICS DATA SUMMARY 

ANALYTE 
PtlPD==zSII------ ------ 
SILVER, TOTAL 
ALUMINUM, TOTAL 
ARSENIC, TOTAL 
BARIUM, TOTAL 
BERYLLIUM, TOTAL 
CALCIUM, TOTAL 
CADMIUM, TOTAL 
COBALT, TOTAL 
CHROMIUM, TOTAL 
COPPER, TOTAL 
IRON, TOTAL 
MERCURY, TOTAL 
POTASSIUM, TOTAL 
MAGNESIUM, TOTAL 
MANGANESE, TOTAL 
SODIUM, TOTAL 
NICKEL, TOTAL 
LEAD, TOTAL 
ANTIMONY, TOTAL 
SELENIUM, TOTAL 
THALLIUM, TOTAL 
VANADIUM, TOTAL 
ZINC, TOTAL 

IN INC. 

REPORT 

.------ ,------ 

08/l l/89 

WESTON BATCH X: 8906L594 

RESULT 
=====i=== 

6.2 
11600 

43.7 
159 

6.6 
1610 

2:.; 
29:8 

140 
32500 

0.32 
1050 u 
2850 
804 

1050 u 
53.3 

523 
12.6 u 
2.8 
2.5 u 

42.9 
229 

UNITS 
----a- ------ 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

REPORTING 
LIMIT 
t===e3==== 

2.1 
41.9 
25.1 
41.9 

1.0 
1050 

1:-i 
2:1 
5.2 

209 
0.25 

1050 
1050 

3.1 
1050 

8.4 
126 

12.6 

:*“5 
10:5 
4.2 

_ .._ - _I IS .1 



ROY F. WESTON INC. 

INORGANICS DATA SUMMARY REPORT 08/11/89 

CLIENT: ARGONNE NAT'L LAB 
WORK ORDER: 2104-09-01-0000 

SAMPLE SITE ID ANALYTE 
=5==e== =61=?x ========I====== p=I=pIpIIs=5==P=P====lr 
-006 601 B SILVER, TOTAL 

ALUMINUM, TOTAL 
ARSENIC, TOTAL 
BARIUM, TOTAL 
BERYLLIUM, TOTAL 
CALCIUM, TOTAL 
CADMIUM, TOTAL 
COBALT, TOTAL 
CHROMIUM, TOTAL 
COPPER, TOTAL 
IRON, TOTAL 
MERCURY, TOTAL 
POTASSIUM, TOTAL 
MAGNESIUM, TOTAL 
MANGANESE, TOTAL 
SODIUM, TOTAL 
NICKEL, TOTAL 
I.EAD, TOTAL 
/.NTIMONY, TOTAL 
;ELENIUM, TOTAL 
THALLIUM, TOTAL 
VANADIUM, TOTAL 
ZINC, TOTAL 

WESTON BATCH #: 

RESULT UNITS 
====I=== ====s= 

6.8 MG/KG 
8650 MG/KG 

47.0 MG/KG 
233 MG/KG 

6.5 MG/KG 
4130 MG/KG 

1.8 MG/KG 
52.1 MG/KG 
32.6 MG/KG 

280 MG/KG 
27100 MG/KG 

0.27 MG/KG 
1250 u MG/KG 
2740 MG/KG 

409 MG/KG 
1250 u MG/KG 

116 MG/KG 
611 MG/KG 

15.0 u MG/KG 
4.2 MG/KG 
2.1 u MG/KG 

39.8 MG/KG 
357 MG/KG 

8906L594 

REPORTIN 
LIMIT 
5=======: 

2. 
50. 
21. 
50. 

1. 
1250 

1. 
12. 

2. 
6. 

25. 

125:. 
1250 

3. 
1250 

1% 
15. 

1. 
2. 

12 
5 



. II . 

ROY F. WESTON INC. 

INORGANICS DATA SUMMARY REPORT 

ENT: ARGONNE 
( ORDER: 210 

PLE SITE 
==z= =1=== 
7 602 

NAT 
4-09 

ID 
=33= 

'L LAB 
-01-0000 

ANALYTE 
I3=IPfP====PII=P=PI=I=0 
SILVER, TOTAL 
ALUMINUM, TOTAL 
ARSENIC, TOTAL 
BARIUM, TOTAL 
BERYLLIUM, TOTAL 
CALCIUM, TOTAL 
CADMIUM, TOTAL 
COBALT, TOTAL 
CHROMIUM, TOTAL 
COPPER, TOTAL 
IRON, TOTAL 
MERCURY, TOTAL 
POTASSIUM, TOTAL 
MAGNESIUM, TOTAL 
MANGANESE, TOTAL 
SODIUM, TOTAL 
NICKEL, TOTAL 
LEAD, TOTAL 
ANTIMONY, TOTAL 
SELENIUM, TOTAL 
THALLIUM, TOTAL 
VANADIUM, TOTAL 
ZINC, TOTAL 

08/l l/89 

WESTON BATCH #: 8906L594 

RESULT 
=3===1== 

7.0 
12000 

66.9 
216 

7.2 
3840 

1.9 
20.4 
41.3 

231 
36600 

0.34 
1090 u 

UNITS 
I===;== 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

REPORTING 
LIMIT 
===r=s==== 

4t: 
1919 
43.7 

1.1 
1090 

1;:: 

2 
218 

0.22 
1090 

2880 
768 

1090 u 
48.2 

757 
13.1 u 

1.6 
2.0 u 

46.7 
330 

Mi/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 



ROY F. WESTON INC. 

INORGANICS METHOD BLANK DATA SUMMARY PAGE 08/11/89 

CLIENT: ARGONNE NAT'L LAB 
WORK ORDER: 2104-09-01-0000 

WESTON BATCH #: 89061594 

REPORTING 
LIMIT 
r======== 

2.0 
40.0 
40.0 

1.0 
1000 

1X 
2:o 
5.0 

20.0 
1000 
1000 

3.c 
1000 

1t.5 
1o:c 

4.c 

2.c 
1-c 
1-c 
2.c 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

2.c 
4o.c 
40-c 

1.c 

SAMPLE SITE ID 
===tt== o===============PIIx 
BLANK1 89L0596-MB1 

BLANK1 89L0594-MB1 

BLANK1 89C086B-MB1 

BLANK2 89C086B-MB2 

BLANK1 89C089B-MB1 

BLANK2 89C089B-MB2 

BLANK3 89C089B-MB3 

BLANK4 89C089B-MB4 

BLANK1 89L0686-MB1 

ANALYTE 
===============I======= 
SILVER, TOTAL 
ALUMINUM, TOTAL 
BARIUM, TOTAL 
BERYLLIUM, TOTAL 
CALCIUM, TOTAL 
CADMIUM, TOTAL 
COBALT, TOTAL 
CHROMIUM, TOTAL 
COPPER, TOTAL 
IRON, TOTAL 
POTASSIUM, TOTAL 
MAGNESIUM, TOTAL 
MANGANESE, TOTAL 
SODIUM, TOTAL 
NICKEL, TOTAL 
ANTIMONY, TOTAL 
VANADIUM, TOTAL 
ZINC, TOTAL 

RESULT 
======s= 

2.0 u 
40.0 u 
40.0 u 

1.0 u 
1000 

1.0 :: 
10.0 u 

2.0 u 
5.0 u 

21.9 
1000 u 
1000 

3.0 :: 
1000 

8.0 :: 
12.0 u 
10.0 u 

4.0 u 

UNITS 
====== 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

ARSENIC, TOTAL 2.0 u MG/KG 
LEAD, TOTAL 1.0 u MG/KG 
SELENIUM, TOTAL 1.0 u MG/KG 
THALLIUM, TOTAL 2.0 u MG/KG 

MERCURY, TOTAL 0.10 u MG/KG 

MERCURY, TOTAL 0.10 u MG/KG 

MERCURY, TOTAL 0.10 u MG/KG 

MERCURY, TOTAL 0.10 u MG/KG 

MERCURY, TOTAL 0.10 u MG/KG 

MERCURY, TOTAL 0.10 u MG/KG 

SILVER, TOTAL 2.0 u 
ALUMINUM, TOTAL 

MG/KG 
40.0 u 

BARIUM, TOTAL 
MG/KG 

40.0 u 
BERYLLIUM, TOTAL 

MG/KG 
1.0 u MG/KG 



: ARGONNE 
RDER: 210 

NAT' 
4-09- 

L LAB 
~01-0000 

= 
SITE ID ANALYTE 
PP==PPI=P==P==P='=D= tDI=elOllD='P=P=~==t==E 
89L0686-MB1 CALCIUM, TOTAL 

CADMIUM, TOTAL 
COBALT, TOTAL 
CHROMIUM, TOTAL 
COPPER, TOTAL 
IRON, TOTAL 
POTASSIUM, TOTAL 
MAGNESIUM, TOTAL 
MANGANESE, TOTAL 
SODIUM. TOTAL 

I NORGAN 

ROY F. 

ICS METHOD BLANK 

WESTON INC. 

DATA SUMMARY PAGE 

NICKEL; TOTAL 
ANTIMONY, TOTAL 
VANADIUM, TOTAL 
ZINC, TOTAL 

89L0685-MB1 JRSENIC, TOTAL 
LEAD, TOTAL 
SELENIUM, TOTAL 
THALLIUM, TOTAL 

08/11/89 

WESTON BATCH #: 8906L594 

REPORTING 
RESULT UNITS LIMIT I======= ------ ------ ---------- ---------- 

1000 u MG/KG 1000 
1.0 u MG/KG 

10.0 u MG/KG lka" 
2.0 u MG/KG 2:o 
5.0 u MG/KG 5.0 

20.0 u MG/KG 20.0 
1000 u MG/KG 1000 
1000 u MG/KG 1000 

3.0 u MG/KG 3.0 
1000 u MG/KG 1000 

8.0 u MG/KG 
12.0 u MG/KG 1E 
10.0 u MG/KG 1o:o 
4.0 u MG/KG 4.0 

2.0 u MG/KG 2.0 
1.0 u MG/KG 1.0 
1.0 u MG/KG 
2.0 u MG/KG :I: 



ROY F. WESTON INC. 

INORGANICS METHOD BLANK DATA SUMMARY PAGE 08/U/89 

CLIENT: ARGONNE NAT'L LAB WESTON BATCH 8: 8906L59L 
WORK ORDER: 2104-09-01-0000 

REPORTIf 
SAMPLE SITE ID ANALYTE RESULT UNITS LIMIT 
===t=== P=P==IPI==EDP==I=PP= ---- ----PIPS=ILPP=tr==IP=== ==z===== ------ ------ ====t=== 
BLANK1 89RAD5A-MB1 MERCURY, TOTAL 0.20 u MG/KG 0. 

BLANK2 89RAD5A-MB2 MERCURY, TOTAL 0.20 u MG/KG 0. 



ROY F. WE 

INORGANICS DUPLICATE 

II ENT: ARGONNE NAT'L LAB 
?K ORDER: 2104-09-01-0000 

4PLE 

s2 

s2 

SITE ID ANALYTE 
=0==t='P=xI=sr=Pr=== 'I=i==P===13~PP==P5==' 
89L0686-LC2 VANADIUM, LCS 

ZINC, LCS 
89LO685-LC2 ARSENIC, LCS 

LEAD, LCS 
SELENIUM, LCS 
THALLIUM, LCS 

89RAD5A-LC2 MERCURY, LCS 

:STON 

SPIKE 

INC. 

REPORT 08/11/89 

WESTON BATCH #: 8906L594 

SPIKE#l SPIKE#2 
%RECOV %RECOV %DIFF 

----a- ==s=== a----- ------ -m---w 
102 99.3 3.0 
113 110 2.7 
86.7 91.3 5.2 

113 112 0.89 
94.7 99.0 4.5 
95.0 95.0 0.00 
88.8 105 16.6 



ROY F. WESTON INC. 

INORGANICS DUPLICATE SPIKE REPORT 08/11/89 

CLIENT: ARGONNE NAT'L LAB WESTON BATCH #: 8906L59L 
WORK ORDER: 2104-09-01-0000 

SPIKE#l SPIKEif 
SAMPLE SITE ID ANALYTE %RECOV %RECOV %DIFF 
=====I= =========rr===EO=PZ= pp==p===============r- =I==== II=E== 

LCS2 89L0596-LC2 SILVER, LCS 99.0 98.0 
ALUMINUM, LCS 102 102 
BARIUMi LCS 96.3 96.2 
BERYLLIUM, LCS 101 99.9 
CALCIUM, LCS 98.7 98.6 
CADMIUM, LCS 102 98.6 
COBALT, LCS 97.6 97.1 
CHROMIUM, LCS 97.3 97.8 
COPPER, LCS 99.3 98.6 
IRON, LCS 97.8 97.8 
POTASSIUM, LCS 97.8 104 
MAGNESIUM, LCS 99.2 99.6 
MANGANESE, LCS 98.3 97.8 
SODIUM, LCS 97.8 98.6 
NICKEL, LCS 96.9 96.8 
i.NTIMONY, LCS 102 99.1 
\ANADIUM, LCS 94.4 93.5 
ZINC, LCS 105 110 

LCSP 89LO594-LC2 r\RSENIC, LCS 100 103 
LEAD, LCS 103 100 
SELENIUM, LCS 92.7 94.0 
THALLIUM, LCS 104 107 

LCS2 89C086B-LC2 MERCURY, LCS 103 107 
LCS2 89C089B-LC2 MERCURY, LCS 104 86.6 
LCS2 89LO686-LC2 SILVER, LCS 118 114 

ALUMINUM, LCS 103 100 
BARIUM, LCS 107 104 
BERYLLIUM, LCS 100 96.5 
CALCIUM, LCS 110 107 
CADMIUM, LCS 123 117 
COBALT, LCS 110 106 
CHROMIUM, LCS 107 104 
COPPER, LCS 105 102 
IRON, LCS 107 104 
POTASSIUM, LCS 100 110 
MAGNESIUM, LCS 110 107 
MANGANESE, LCS 111 107 
SODIUM, LCS 99.4 106 
NICKEL, LCS 108 105 
ANTIMONY, LCS 111 108 

t===== 
0.95 
0.41 
0.11 
1.1 
0.091 
2.9 
0.57 
0.51 
0.68 
0.020 
5.9 
0.39 
0.50 
0.78 
0.12 

ZO 

3”-: 
3:o 

::: 

1:*; 
3:4 
2.9 
3.0 
3.6 
3.5 
4.9 
3.8 
2.9 

E 
9:1 
2.7 
3.5 
6.2 
2.8 
2.6 



.E 
5-z 

1 

ROY F. WESTON INC. 

INORGANICS LABORATORY CONTROL STANDARDS REPORT 08/H/89 

SITE ID ANALYTE 
-----p==gPPlt Dp~Dpr~lpplrP=5"5PP 115PPelf5----- 

89L0596-LCl SILVER, LCS 
ALUMINUM, LCS 
BARIUM, LCS 
BERYLLIUM, LCS 
CALCIUM, LCS 
CADMIUM, LCS 
COBALT, LCS 
CHROMIUM, LCS 
COPPER, LCS 
IRON, LCS 
POTASSIUM, LCS 
MAGNESIUM, LCS 
MANGANESE, LCS 
SOOIUM, LCS 
NICKEL, LCS 
ANTIMONY, LCS 
W&DIHi LCS 

, 

89L0596-LC2 SILVER, LCS 98.0 
ALUMINUM, LCS 1020 
BARIUM, LCS 962 
BERYLLIUM, LCS 49.9 
CALCIUM, LCS 4930 
CADMIUM, LCS 49.3 
COBALT, LCS 485 
CHROMIUM, LCS 97.8 
COPPER, LCS 247 
IRON, LCS 978 
POTASSIUM, LCS 5190 
MAGNESIUM, LCS 4980 
MANGANESE, LCS 147 
SODIUM, LCS 4930 
NICKEL, LCS 387 
ANTIMONY, LCS 595 
VANADIUM, LCS 468 
ZINC, LCS 220 

89L0594-LCl ARSENIC, LCS 
LEAD, LCS 

SPIKED SPIKED 
SAMPLE AMOUNT UNITS %RECOV 
PlSSiel: ss=sp~5~ 5tSSesx f5==X= 

99.0 
1020 
963 

50.5 
4940 

50.8 
488 

97.3 
248 
978 

4890 
4960 

147 
4890 

388 
613 
472 
209 

100 MG/KG 
1000 MG/KG 
1000 MG/KG 
-50.0 MG/KG 
5000 MG/KG 

50.0 MG,'KG 
500 MG/KG 
100 MG/KG 
250 MG/KG 

1000 MG/KG 
5000 MG/KG 
5000 MG/KG 

150 MG,'KG 
5000 MG/KG 

400 MG/KG 
600 MG/KG 
500 MG/KG 
200 MG/KG 

99.0 
102 

96.3 
101 

98.7 
102 

97.6 
97.3 
99.3 
97.8 
97.8 
99.2 
98.3 
97.8 
96.9 

102 
94.4 

105 

100 
1000 
1000 

MG,'KG 

50.0 
5000 

50.0 
500 
100 
250 

1000 
5000 
5000 

150 
5000 

400 
600 
500 
200 

MG/KG 
MG/KG 
MG/KG 
MG,'KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

98.C 
102 

96.' 
99. 
98. 
98. 
97 
97 
98 
97 

101 
9! 

:’ 
9 
C 

l! 

6.0 6.0 MG/KG 3 
6.2 6.0 MG/KG 1 

--- ---- 



ROY F. WESTON INC. 

INORGANICS LABORATORY CONTROL STANDARDS REPORT 08/11/89 

SAMPLE 
z:Zt=zt= 
LCSl 

SPIKED 
SAMPLE 
3Z5-ZZ'e 

SPIKED 
AMOUNT 
t===== 

6.0 
6.0 

UNITS 
XX==== 
MG/KG 
MG/KG 

ANALYTE 
------------- -------------=======PI 
SELENIUM, LCS 
THALLIUM, LCS 

%RECO' 
-m-e-, w----. 

92.' 
104 

LCS2 89L0594-LC2 ARSENIC, LCS 
LEAD, LCS 
SELENIUM, LCS 
THALLIUM, LCS 

:*; 
5:6 
6.4 

6.0 

6"*00 
610 

MG/KG 103 
MG/KG 100 
MG/KG 94.1 
MG/KG 107 

LCSl 89C086B-LCl 

LCS2 89C086B-LC2 

LCSl 89CO89B-LCl 

LCSZ 89CO898- LC2 

LCS3 89C089B-LC3 

LCS4 89C089B-LC4 

MERCURY, LCS 1.0 1.0 MG/KG 103 

I:ERCURY, LCS 1.1 1.0 MG/KG 107 

MERCURY, LCS 1.0 1.0 MG/KG 104 

MERCURY, LCS 0.87 1.0 MG/KG 86.' 

MERCURY, LCS 1.0 1.0 MG/KG 102 

MERCURY, LCS 0.94 1.0 MG/KG 94. 



ROY F. WESTON INC. 

INORGANICS LABORATORY CONTROL STANDARDS REPORT 08/H/89 

IPLE SITE ID ANALYTE 
=z:-t sPzPPtPP==Pt=a=====l =tt==f=I=tP=='==P==I== 
1 89LO686-LCl SILVER, LCS 

ALUMINUM, LCS 
BARIUM, LCS 
BERYLLIUM, LCS 
CALCIUM, LCS 
CADMIUM, LCS 
COBALT, LCS 
CHROMIUM, LCS 
COPPER, LCS 
IRON, LCS 
POTASSIUM, LCS 
MAGNESIUM, LCS 
MANGANESE, LCS 
SODIUM, LCS 
NICKEL, LCS 
ANTIMONY, LCS 
VANADIUM, LCS 
ZINC, LCS 

1 

89LO686-LC2 SILVER, LCS 
ALUMINUM, LCS 
BARIUM, LCS 
BERYLLIUM, LCS 
CALCIUM, LCS 
CADMIUM, LCS 
COBALT, LCS 
CHROMIUM, LCS 
COPPER. LCS 
IRON, iCS 
POTASSIUM, LCS 
MAGNESIUM, LCS 
MANGANESE, LCS 
SODIUM, LCS 
NICKEL, LCS 
ANTIMONY. LCS 
VANADIUM; LCS 
ZINC, LCS 

SPIKED 
SAMPLE 
-s-w-_ a----- 
118 

1030 
1070 

50.0 
5520 

61.3 
549 
107 
262 

1070 
5010 
5480 
166 

4970 
434 
665 
512 
225 

114 
1000 
1040 

48.3 
5330 

58.4 
528 
104 
255 

1040 
5490 
5340 
160 

5290 
422 
648 
497 
219 

2:: 

SPIKED 
AMOUNT 

100 
1000 
1000 

50.0 
5000 

50.0 
500 
100 
250 

1000 
5000 
5000 
150 

5000 
400 
600 
500 
200 

100 
1000 
1000 

50.0 
5000 

50.0 
500 
100 
250 

1000 
5000 
5000 
150 

5000 
400 
600 
500 
200 

MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

6.0 
6.0 

89LO685-LCl ARSENIC, LCS 
LEAD, LCS 

UNITS 
===s== 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

MG/KG 
MG/KG 

%RECOV 
x===== 

118 
103 
107 
100 
110 
123 
110 
107 
105 
107 
100 
110 
111 
99.4 

108 
111 
102 
113 

114 
100 
104 
96.5 

107 
117 
106 
104 
102 
104 
110 
107 
107 
106 
105 
108 
99.3 

110 

86.7 
113 

.-- *. 



SAMPLE 
--e--w- ------- 
LCSl 

LCS2 

LCSl 

LCS2 

LCS3 

I NORGAN ICS 

ROY F. WESTON INC. 

LABORATORY CONTROL STANDARDS REPORT 08/H/89 

SITE ID ANALYTE 
sIIP3===PI====e=r=P= =3=====0=Zt====PX='=I= 
89LO685-LCl SELENIUM, LCS 

THALLIUM, LCS 

89LO685-LC2 ARSENIC, LCS 
LEAD, LCS 
SELENIUM, LCS 
THALLIUM, LCS 

89RAD5A-LCl MERCURY, LCS 

89RAD5A-LC2 MERCURY, LCS 

89RAD5A-LC3 MERCURY, LCS 

SPIKED 
SAMPLE 
=55===5 

2:: 

5.5 
6.7 
5.9 
5.7 

0.89 1.0 MG/KG 

2.1 

4.1 

SPIKED 
AMOUNT 
St==== 

6.0 
6.0 

6.0 

ii--: 
6:0 

2.0 MG/KG 

4.0 MG/KG 

UNITS %RECO 
===z== ==r== 
MG/KG 94. 
MG/KG 95. 

MG/KG 91. 
MG/KG 112 
MG/KG 99. 
MG/KG 95. 

88. 

105 

102 



I 



r m 



049 
050 
051 
052 
053 
054 
055 
056 
057 
058 
059 
060 
061 
062 
063 
064 
065 
066 
067 
068 
069 
070 
071 
072 
073 
074 
075 
076 
077 
078 
079 

411.30 
420 _ 49 
419.8"1 
432.22 
422.45 
427.99 
433.79 
433.84 
445.91 
487.48 
494.89 
508.25 
448.99 
451.30 
473.73 
473.08 
573.75 
581.96 
584.46 
591.62 
586.87 
591.53 
602.92 
599.91 
610.03 
609.54 
617.66 
622.38 
561.47 
545.53 
411.16 

148.55 
155.03 
151.20 
143.62 
143.25 
149.71 
136.90 
136.68 
138.34 
158.22 
162.46 
170.42 
167.83 
166.01 
174.91 
183.27 
209.64 
226.07 
234.20 
233.42 
246.32 
259.44 
266.74 
244.49 
257.68 
260.75 
268.10 
276.55 
194.30 
179.83 
153.56 600 

(COMPOSITE IN AREA 

._ _ _ _-.. ---.--_- 
,I----. .- 



. 

: P 
RDE 

rRGONNE NAT 
:R: 2104-09 

SITE ID 
====f==== 
89LO686-L 

89L0685-L 

89RADSA-L 

INOR 

'L LAB 
-01-0000 

=========z 

c2 

.c2 

.c2 

GA 

:= 

ROY F. WESTON 

,NICS DUPLICATE SPIKE 

ANALYTE 
===II==='3'PDPs=r=e 
VANADIUM, LCS 
ZINC, LCS 
ARSENIC, LCS 
LEAD, LCS 
SELENIUM, LCS 
THALLIUM, LCS 
MERCURY, LCS 

INC. 

REPORT 08/11/89 

WESTON BATCH # : 8906L594 

SPIKE#l SPIKE#Z 
%RECOV %RECOV 

:=z= =====I: =is==== 
102 99.3 
113 110 
86.7 91.3 

113 112 
94.7 99.0 
95.0 95.0 
88.8 105 

%DIFF 
------ ------ 

3.0 

:4 
0:89 
4.5 
0.00 

16.6 

--- “IS __ . ^--_ -.-~ - 



ROY F. WESTON INC. 

INORGANICS DUPLICATE SPIKE REPORT 08/11/89 

CLIENT: ARGONNE NAT'L LAB WESTON BATCH #: 8906L59L 
WORK ORDER: 2104-09-01-0000 

SPIKE#l SPIKEn"2 
SAMPLE SITE ID ANALYTE %RECOV %RECOV %DIFF 
======= PP”=“======P==p=== eP==r===PI==PI=f====== 

LCSZ 89LO596-LC2 SILVER, LCS 
ALUMINUM, LCS 
BARIUM5 LCS 
BERYLLIUM, LCS 
CALCIUM, LCS 
CADMIUM, LCS 
COBALT, LCS 
CHROMIUM, LCS 
COPPER, LCS 
IRON, LCS 
POTASSIUM, LCS 
MAGNESIUM, LCS 
MANGANESE, LCS 
SODIUM, LCS 
NICKEL, LCS 
i.NTIMONY, LCS 
\ANADIUM, LCS 

LCS2 89LO594-LC2 
ZINC, LCS 
ARSENIC, LCS 
LEAD, LCS 
SELENIUM, LCS 
THALLIUM, LCS 
MERCURY, LCS 
MERCURY, LCS 
SILVER, LCS 
ALUMINUM, LCS 
BARIUM, LCS 
BERYLLIUM, LCS 
CALCIUM, LCS 
CADMIUM, LCS 
COBALT, LCS 
CHROMIUM, LCS 
COPPER, LCS 
IRON, LCS 
POTASSIUM, LCS 
MAGNESIUM, LCS 
MANGANESE, LCS 
SODIUM, LCS 
NICKEL, LCS 
ANTIMONY, LCS 

LCS2 89C086B-LC2 
LCS2 89C089B-LC2 
LCS2 89L0686-LC2 

===sr= 
99.0 

102 
96.3 

101 
98.7 

102 
97.6 
97.3 
99.3 
97.8 
97.8 
99.2 
98.3 
97.8 
96.9 

102 
94.4 

105 
100 
103 
92.7 

104 
103 
104 
118 
103 
107 
100 
110 
123 
110 
107 
105 
107 
100 
110 
111 
99.4 

108 
111 

m---m- ------ 
98.0 

102 
96.2 
99.9 
98.6 
98.6 
97.1 
97.8 
98.6 
97.8 

104 
99.6 
97.8 
98.6 
96.8 
99.1 
93.5 

110 
103 
100 

94.0 
107 
107 
86.6 

114 
100 
104 
96.5 

107 
117 
106 
104 
102 
104 
110 
107 
107 
106 
105 
108 

===I== 

0.95 
0.41 
0.11 
1.1 
0.091 
2.9 
0.57 
0.51 
0.68 
0.020 
5.9 
0.39 
0.50 
0.78 
0.12 
3.1 
0.90 

35.30 
3:o 

:*i 
4:4 

18.7 
3.4 
2.9 

2: 
3.5 
4.9 
3.8 
2.9 
2.7 
2.9 
9.1 
2.7 
3.5 
6.2 
2.8 
2.6 

-““.----- -I..-.._ ..-- --._..” ,,... ----.I.- .,.“, 



ROY F. WESTON INC. 

INORGANICS LABORATORY CONTROL STANDARDS REPORT 08/11/89 

'LE SITE ID ANALYTE 
E-z= p==I=I=pPIsIPPP===PP I===zP==IPPIIs=I=s ==I= 
L 89LO596-LCl SILVER, LCS 

ALUMINUM, LCS 
BARIUM, LCS 
BERYLLIUM, LCS 
CALCIUM, LCS 
CADMIUM, LCS 
COBALT, LCS 
CHROMIUM, LCS 
COPPER, LCS 
IRON, LCS 
POTASSIUM, LCS 
MAGNESIUM, LCS 
MANGANESE, LCS 
SODIUM, LCS 
NICKEL, LCS 
ANTIMONY, LCS 
VANADIUM, LCS 
ZINC, LCS 

P - 89LO596-LC2 SILVER, LCS 
ALUMINUM, LCS 
BARIUM, LCS 
BERYLLIUM, LCS 
CALCIUM, LCS 
CADMIUM, LCS 
COBALT, LCS 
CHROMIUM, LCS 
COPPER, LCS 
IRON, LCS 
POTASSIUM, LCS 
MAGNESIUM, LCS 
MANGANESE, LCS 
SODIUM, LCS 
NICKEL, LCS 
ANTIMONY, LCS 
VANADIUM, LCS 
ZINC, LCS 

1 89LO594-LCl ARSENIC, LCS 
LEAD, LCS 

SPIKED SPIKED 
SAMPLE AMOUNT 
5==f== ==215== 

99.0 100 
1020 1000 

963 1000 
50.5 50.0 

4940 5000 
50.8 50.0 

488 500 
97.3 100 

248 250 
978 1000 

4890 5000 
4960 5000 

147 150 
4890 5000 

388 400 
613 600 
472 500 
209 200 

98.0 100 MG/KG 98.0 
1020 1000 MG/KG 102 

962 1000 MG/KG 96.2 
49.9 50.0 MG/KG 99.9 

4930 5000 MG/KG 98.6 
49.3 50.0 MG/KG 98.6 

485 500 MG/KG 97.1 
97.8 100 MG/KG 97.8 

247 250 MG/KG 98.6 
978 1000 MG/KG 97.8 

5190 5000 MG/KG 104 
4980 5000 MG/KG 99.6 

147 150 MG/KG 97.8 
4930 5000 MG/KG 98.6 

387 400 MG/KG 96.8 
595 600 MG/KG 99.1 
468 500 MG/KG 93.5 
220 200 MG/KG 110 

6.0 6.0 MG/KG 100 
6.2 6.0 MG/KG 103 

UNITS %RECOV 
=:===x= =====z 
MG/KG 99.0 
MG/KG 102 
MG/KG 96.3 
MG/KG 101 
MG/KG 98.7 
MG/KG 102 
MG/KG 97.6 
MG/KG 97.3 
MG/KG 99.3 
MG/KG 97.8 
MG/KG 97.8 
MG/KG 99.2 
MG/KG 98.3 
MG/KG 97.8 
MG/KG 96.9 
MG/KG 102 
MG/KG 94.4 
MG/KG 105 



ROY F. WESTON INC. 

INORGANICS LABORATORY CONTROL STANDARDS REPORT 08/11/89 

SAMPLE SITE ID 
=3===31 P=BP=====P=II===P=Ps 
LCSl 89LO594-LCl 

SPIKED 
SAMPLE 
=t=L== 

5.6 
6.2 

SPIKED 
AMOUNT 
---w-m ------ 

6.0 
6.0 

ANALYTE 
f====P=======5===3=5== 
SELENIUM, LCS 
THALLIUM, LCS 

UNITS 
===P== 
MG/KG 
MG/KG 

%RECO' 
--He-. --we-. 

92. 
104 

103 
100 
94.1 

107 

103 

107 

104 

86.1 

102 

94.. 

LCS2 89L0594-LC2 ARSENIC, LCS 
LEAD, LCS 
SELENIUM, LCS 
THALLIUM, LCS 

E-E 
5:6 
6.4 

6”-; 
6:0 
6.0 

MG/KG 
MG/KG 
MG/KG 
MG/KG 

LCSl 89C086B-LCl 

LCS2 89C086B-LC2 

LCSl 89C089B-LCl 

LCS2 89C089B-LC2 

LCS3 89C089B-LC3 

LCS4 89CO89B-LC4 

MERCURY, LCS 1.0 1.0 MG/KG 

f:ERCURY, LCS 1.1 

1.0 

1.0 MG/KG 

MERCURY, LCS 1.0 MG/KG 

MERCURY, LCS 0.87 1.0 MG/KG 

MERCURY, LCS 1.0 1.0 MG/KG 

MERCURY, LCS 0.94 1.0 MG/KG 



ROY F. WESTON INC. 

INORGANICS LABORATORY CONTROL STANDARDS REPORT 

SITE ID ANALYTE 
'IPI=======I=======P =================I---- ---- 
89LO686-LCl SILVER, LCS 

ALUMINUM, LCS 
BARIUM, LCS 
BERYLLIUM, LCS 
CALCIUM, LCS 
CADMIUM, LCS 
COBALT, LCS 
CHROMIUM, LCS 
COPPER, LCS 
IRON, LCS 
POTASSIUM, LCS 
MAGNESIUM, LCS 
MANGANESE, LCS 
SODIUM, LCS 
NICKEL, LCS 
ANTIMONY, LCS 
VANADIUM, LCS 
ZINC, LCS 

SPIKED 
SAMPLE 
=====I 
118 

1030 
1070 

50.0 
5520 

61.3 
549 
107 
262 

1070 
5010 
5480 
166 

4970 
434 
665 
512 
225 

89LO686-LC2 SILVER, LCS 114 
ALUMINUM, LCS 1000 
BARIUM, LCS 1040 
BERYLLIUM, LCS 48.3 
CALCIUM, LCS 5330 
CADMIUM, LCS 58.4 
COBALT, LCS 528 
CHROMIUM, LCS 104 
COPPER, LCS 255 
IRON, LCS 1040 
POTASSIUM, LCS 5490 
MAGNESIUM, LCS 5340 
MANGANESE, LCS 160 
SODIUM, LCS 5290 
NICKEL, LCS 422 
ANTIMONY, LCS 648 
VANADIUM, LCS 497 
ZINC, LCS 219 

89LO685-LCl ARSENIC, LCS 
LEAD, LCS 

08/l l/89 

SPIKED 
AMOUNT 
EIl==== 

100 
1000 
1000 

50.0 
5000 

50.0 
500 
100 
250 

1000 
5000 
5000 
150 

5000 
400 
600 
500 
200 

100 MG/KG 114 
1000 MG/KG 100 
1000 MG/KG 104 

50.0 MG/KG 96.5 
5000 MG/KG 107 

50.0 MG/KG 117 
500 MG/KG 106 
100 MG/KG 104 
250 MG/KG 102 

1000 MG/KG 104 
5000 MG/KG 110 
5000 MG/KG 107 

150 MG/KG 107 
5000 MG/KG 106 
400 MG/KG 105 
600 MG/KG 108 
500 MG/KG 99.3 
200 MG/KG 110 

6.0 MG/KG 86.7 
6.0 MG/KG 113 

UNITS 
=====r 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

%RECOV 
z===== 

118 
103 
107 
100 
110 
123 
110 
107 
105 
107 
100 
110 
111 
99.4 

108 
111 
102 
113 

_--.- ._. - -- 



ROY F. WESTON INC. 

INORGANICS LABORATORY CONTROL STANDARDS REPORT 08,'11/89 

SAMPLE SITE ID ANALYTE 
====9== PI=PI=zP=z=='==I2=*= 
LCSl 89LO685-LCl SELENIUM, LCS 

THALLIUM, LCS 

LCS2 89L0685-LC2 ARSENIC, LCS 
LEAD, LCS 
SELENIUM, LCS 
THALLIUM, LCS 

LCSl 89RAD5A-LCl MERCURY, LCS 

LCS2 89RAD5A-LC2 MERCURY, LCS 

LCS3 89RAD5A-LC3 MERCURY, LCS 

SPIKED 
SAMPLE 
===t== 

E 

5.5 
6.7 
5.9 
5.7 

0.89 

SPIKED 
AMOUNT 
=r+==== 

6.0 
6.0 

2.0 

UNITS 
====L= 
MG/KG 
MG/KG 

MG/KG 
MG/KG 
MG/KG 
MG/KG 

MG/KG 

MG/KG 

MG/KG 

%RECOI 
==5==: 

94.; 
95.f 

. 

Z- 
99.t 
95.t 

88.1 

105 



. 
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APPENDIX E 

ARGONNE NATIOMAL LABOMTORY 

NEW BRUNSWICK LABORATORY - NEW JERSEY 1989 

SOIL TUBE AND SOIL SAMPLE LOCATION COORDINATES 

TUBE NUMRER 

001 
002 
003 
004 
005 
006 
007 
008 
009 
010 
011 
012 
013 
014 
015 
016 
017 
018 
019 
020 
021 
022 
023 
024 
025 
026 
027 
028 
029 
030 
031 
032 
033 
034 
035 
036 
037 
038 
039 
040 
041 
042 
(543 
044 
045 
046 
047 
048 

X COORD.(FTI Y COORD.(FT1 SOIL SAMPLE NO. 

643.41 329.53 101 
635.87 282.35 102 
648.88 364.89 
644.13 329.52 
655.12 317.91 105 
637.60 311.66 
650.69 298.60 
636.35 299.25 
632.29 290.89 
638.02 290.87 
628.12 287.20 111 
627.41 280.07 112 
630.81 281.91 
634.74 269.14 
627.18 265.39 
621.53 253.30 
632.28 244.62 
619.86 240.25 
641.21 232.94 
628.48 217.18 
624.52 189.09 121 
630.72 162.62 
614.01 120.55 
618.33 084.07 
601.95 055.20 
591.05 023.56 
582.77 000.11 
653.70 391.41 
657.51 413.38 
653.39 462.34 
667.18 491.15 
674.25 529.37 
681.09 564.11 
574.32 -033.88 
573.15 -097.28 
571.66 -114.02 
536.16 -157.37 
563.03 -167.10 
562.22 -188.81 
538.45 -196.68 
384.84 004.42 
340.24 004.27 442 
334.16 004.36 
335.62 007.75 
339.09 007.24 445 
346.41 007.19 
343.16 009.78 
338.08 014.89 



049 411.30 
050 420.49 
051 4 19 . 84 
052 422.22 
053 422.45 
054 427.99 
055 433.79 
056 433.84 
057 445.91 
058 487.48 
059 494.89 
060 508.25 
061 448.99 
062 451.30 
063 473.73 
064 473.08 
065 573.75 
066 581.96 
067 584.46 
068 591.62 
069 586.87 
070 591.53 
071 602.92 
072 599.91 
073 610.03 
074 609.54 
075 617.66 
076 622.38 
077 561.47 
078 545.53 
079 411.16 

a II L1ll*,, _ 

(Continued) 

148.55 
155.03 
151.20 
143.62 
143.25 
149.71 
136.90 
136.68 
138.34 
158.22 
162.46 
170.42 
167.83 
166.01 
174.91 
183.27 
209.64 
226.07 
234.20 
233.42 
246.32 
259.44 
266.74 
244.49 
257.68 
260.75 
268.10 
276.55 
194.30 
179.83 
153.56 600 

(COMYOSITE IN AREA 6) 
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SUBJECT: 

This technical bulletin presents the results of a walkover survey and limited 
radiological and chemical characterization performed at the New Brunswick Site (NBS). 

SUNNARY : 

Results of a radiological survey and biased surface and subsurface soil sampling 
performed in August, 1992, indicate that radioactively contaminated soil present at NBS 
site is confined to a filled railroad spur and a small area located midway along the 
western fence. Radium-226 and thorium-232 were detected at ,concentrations above the DOE 
surface soil guideline of 5 pCi/g. Radium-226 was detected above the DOE subsurface 
soil guideline of 15 pCi/g in borehole samples collected from 1.2- to 1.8-m (4- to 6-ft) 
deep sampling intervals. 

Analytical results for toxicity characteristic leaching procedure (TCLP) metals were all 
below regulatory limits. Analytical results for polychloronated biphenyls (PCBs) were 
below detection limits except for one result for aroclor-1254 which was 16 mg/kg. The 
maximum total petroleum hydrocarbon concentration detected was 430 mg/kg. 

Sampling results indicate contaminated soils at NBS would likely be designated as 
nonhazardous, radioactively contaminated waste upon removal. 

DISCUSSION: 

In an effort to radiologically and chemically characterize the New Brunswick Site 
located at 986 Jersey Avenue, New Brunswick, New Jersey (Figure l), an ultra sonic 
ranging and detection system (USRADSe) walkover gamma radiation survey was performed 
over the entire site and surface and subsurface soil samples were collected from the 
southern side of the site which is known to contain pitchblende contaminated soil. 
Sampling locations were biased towards radioactively contaminated areas producing. 
USRADSe readings greater than 20,000 counts per minute (cpm). This count rate is 
approximately twice the background rate. 

Although the work instruction (WI-92-057 CCN 095511) directing the sampling effort 
called for comprehensive surveys and sample collection'to be performed off- and onsite, 
the actual sampling performed was reduced in scope. Access agreements for the offsite 
properties could not be obtained during the time of the survey, therefore no work was 
performed on the neighboring properties (east, west, and south of site; see Figure 1). 

The accomplished work included the onsite USRADSe survey during which eight surface 
samples were collected (Figure 2) and analyzed for uranium-238, thorium-232, and radium- 
226. Additionally, five boreholes (Figure 2) were drilled to auger refusal or 
0.6 m (2 ft) into undisturbed soil and then gamma logged. From the boreholes thirteen 
samples were collected for chemical analyses and nineteen samples were collected for 
radiological analyses. The selection of the radiological analyses was based on 
historical documents describing the processes and events that took place on the site as 
well as past sampling results. The chemical analyses were selected based on a first 
phase approach to help determine if chemical or RCRA characteristic waste is present 
and/or commingled with radioactive contamination thereby affecting the transportation, 
management, and disposal requirements needed for the soil upon excavation. If analyses 
being performed for RCRA characteristics yielded results above regulatory guidelines, 
additional sampling would have to be performed to obtain sufficient sample volumes for a 
total metals screen. Chemical samples were collected as composites over zones of 
radioactively contamination (when indicated to be present by downhole gamma logs) and 
from within discrete 0.6 m (2 ft) intervals below radioactively contaminated zones. 
Chemical samples were analyzed for polychloronated biphenyls (PCBs), total petroleum 
hydrocarbons (TPH), and toxic characteristic leaching procedure (TCLP) metals. Analyses 
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for volatile,organic compounds (VOCs) and base/neutral acid extractable (BNAE) compounds 
were performed on samples with TPH concentrations greater than 1000 mg/kg. The 1000 
mg/kg cut off point is a result of an agreement made with the State of New Jersey for 
previous characterization work performed on other New Jersey FUSPAP sites. The nineteen 
samples collected from the boreholes for radiological analyses were collected at a 
maximum of 0.6.m (2 ft) intervals over the entire depth of each borehole and analyzed 
for uranium-238, uranium-235, uranium-234, radium-226, thorium-232, and cesium-137. 

USRADS@ Survey and Radiological Surface Sample Results. The shaded areas shown on 
Figure 2 designate areas of radiological activity greater than 20,000 cpm (twice 
background). The results outline the radiological contamination already known to exist 
(ANL 1984) in a filled railroad spur on.the southern side of the site and a single hot 
spot located midway on the western site fenceline. This hot spot extended up to the 
fenceline and appeared to extend at least a short distance offsite. Though the lack of 
an access agreement prevented an offsite survey at the time, a follow up survey 
performed by ORISE in the spring of 1993 indicated that the area did not contain 
sufficient radiological contamination to designate into the FUSRAP program. No 
unexpected areas of surface contamination were detected during the survey. Results of 
the radiological analyses performed on the surface samples collected from areas of high 
countrate measurements detected during the survey are presented in Table 1. Locations 
of the background surface samples are shown on Figure 3. As can be seen in the table, 
onsite surface radium-226 concentrations ranged from 2.4 to 8,501 pCi/g, thorium-232 
concentrations ranged from d1.5 to 271.8 pCi/g, and uranium-238 concentrations ranged 
from X10 to <785 .pCi/g. Seven of the eight samples contained radium-226 concentrations 
above the'DOE surface soil guideline of 5 pCi/g and two of these (samples 7 and 8) 
contained thorium-232 concentrations above the same guideline. 

Borehole Sampling and Gamma Log Results 

Gamma Log and Radiological Sample Results. Downhole gamma logging was performed in each 
of the five boreholes at 0.15 m (0.5 ft) intervals. Results are listed 'in Appendix A. 
Results above 30,000 cpm indicate the possible presence of radium-226 at concentrations 
above the DOE subsurface soil guideline of 15 pCi/g. As can be seen in the table, gamma 
log count rates from boreholes 1, 2, and 4 exceed 30,000 cpm from top to bottom (except 
for the very deepest readings in boreholes 2 and 4). These results indicate that 
radioactive contamination above the DOE guideline may extend down to 3 m (10 ft) in the 
vicinity of boreholes 1 and 2 and is slightly shallower (1.7 m (5.5 ft)] towards the 
southern fenceline on the site (Figure 2). Downhole gamma log results from boreholes 3 
and 5 were all below 30,000 cpm. The locations of these boreholes are east and west 
(respectively) of the filled railroad spur (see geologic drill logs, Appendix B). 
Although the total number of sampling locations is too small to make definitive 
conclusions, these results in conjunction with the USRADS survey results indicate that 
radioactive contamination present on the southern one-third of the site may be confined 
to the filled railroad spur area.. 

Results of radiological analyses performed on borehole samples (Table 2) correlate 
fairly well with respective downhole gamma log results. Radium-226 was detected in 
samples at concentrations above DOE soil guidelines in surface and subsurface sampling 
intervals from boreholes 1 and 2 and above the surface guideline in a sample from the 
top interval from borehole 4. However, although radium-226 concentrations were above 
background, concentrations above 15 pCi/g were not detected as deep in boreholes 1 and 2 
as was indicated by the downhole gamma logs and not at all in the subsurface intervals 
in borehole 4. These discrepancies result from the approximate nature of the 30,000 cpm 
to 15 pCi/g correlation (which varies with different soil characteristics), and the 
potential heterogeneity of the contamination within the soil. The gamma logging 
procedure measures radiation rates emanating from contaminated soils surrounding the 
borehole whereas the sample comes from within the borehole. The deepest samples 
containing radium-226 concentrations above 15 pCi/g were from the 1.2- to 1.8 m (4-6 ft) 
intervals in boreholes 1 and 2 (51.7 and 41.7 pCi/g, respectively). The maximum 
concentration of radium-226 detected in borehole 4 was 13.3 pCi/g in a sample from the 
0- to 0.6 m (O- to 2 ft) interval. No samples from boreholes 3 and 5 contained radium- 
226 concentrations above guidelines. Thorium-232 concentrations were below DOE 
guidelines in all borehole samples. Cesium-137 concentrations were also low 
(C 0.91 pCi/g) in all samples. Results of analyses for uranium-234, uranium-235 and 
uranium-238 show elevated concentrations in samples from boreholes 1, 2, and 4. 
Isotopic ratios indicate the presence of natural uranium only. 

Chemical Sample Analytical Results. Results of analyses for TCLP metals, PCBs, and TPH 
are presented in Table 3. No results for TCLP-metals were above the respective 
regulatory limits, PCB results were all below detection limits except for one detection 
for Aroclor-1254 at 16 mg/kg in a sample from borehole 2, and the maximum TPH 
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. concentration was 430 mg/kg. Because TPH results were all less than 1000 mg/kg, no 
samples were analyzed for VOCs or BNAEs.' Based on these results, the radioactively 
contaminated soils present at NBS would not be classified as a RCRA hazardous or TSCA 
regulated waste upon removal. 

CONCLUSION: 

Results of the limited sampling and USRADSs survey performed at NBS indicate that 
radioactively contaminated soils are present only within the filled railroad spur and a 
localized spot midway along the western fenceline. The soils are primarily contaminated 
with radium-226.and to a lesser extent thorium-232 and uranium. Radium-226 
contamination was detected at concentrations above the DOE subsurface guideline of 
15 pCi/g at depths up to 1.8 m (6 ft). Results of chemical analyses indicate that the 
radioactively contaminated soils would not be classified as RCRA hazardous or TSCA 
regulated waste upon removal. 

Note: The data contained herein are preliminary and intended to be used as a first 
phase approach toward determination of possible transportation, management, and disposal 
requirements for excavated soil as well as determining possible remedial action options. 

NJ 0020 
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Figure 1 
NBS Site Showing Area of Known Contamination 
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Figure 2 
Sampling Locations and USRADS Results 
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Table 1 

Radionuclide Results in 8011 

(Surface soils sample6 0 to 0.5 ft) 

Ra-226 Th-232 U-238 

Wi/g) (W/g) Wi/g) 

BACKGROUND 

Location #OOT 

Location #002 

Location 1003 

ONSITE LOCATIONS 

-cation 

/ Location 

- Location 

.' Location 

Location 

,L Location 

Location 

i,.'Location 

#004 

#OOS' 

f006' 

/007. 

f008' 

#009a*b 

#OlO' 

#Oil' 

1.2 f 0.14 

co.9 

1.2 f 0.24 

1.8 2 

1.5 f 

1.9 f 

2.4 f 0.82 Cl.5 

843.0 f 28.0 <10.4 

61.6 f 2.2 cl.8 

21.1 f 1.2 271.8 f 
I 

10.3 2 0.39 13.8 2 

8501.0 f 178.0 c133.0 

0.51 C5.3 

0.21 x5.1 

0.47 . e5.3 

<lo 

74.2 f 36.0 

77.5 f 9.4 

15.0 g41.1 

1.5 62.6 f 10.2 

<785.0 

864.0 f 19.4 C12.2 

234.0 f 3.0 C4.0 69.0 2 13.1 

271.0 f 42.0 

'Radiologically contaminated based on the DOE guideline of 5 pCi/g 
for.radium-226 in the top 0.5 ft of soil. 

bHot6pot next to Location f008 



Table 2 
Radionuclide Concentrations in Borehole Soil Samples . . 

Sample Depth 
Interval 

Analyte Concentration (pCi/g) 

Borehole (in feet) Ra-226 Th-232 cs-137 U-234 U-235 U-238 

1 '\ o-2 148.00 t 4.10 
61.40 + 2.80 
51.70; 2.60 

7.60+ 0.28 
0.68- UJ 

2.90 UJ 
2.10 UJ 
1.80 UJ 
1.50 t 0.22 
1.50 -t 0.58 

0.91 
0.66 
0.54 
0.22 
0.21 

UJ 
UJ 
UJ 
UJ 
UJ 

0.52 UJ 
0.61 UJ 
0.48 UJ 
0.31 UJ 

0.22 UJ 
0.28 UJ 
0.22 UJ 
0.15 UJ 

0.97 UJ 0.30 
1.10 UJ 0.34 

UJ 
UJ 

0.14 
0.11 

UJ 
UJ 

134.50 t90.20 4.60 t 3.60 
7550732.20 3.307 1.70 
48.7Oh.00 1.90+ 1.10 
20.007 6.00 ' 0.86? 0.44 

4.70; 1.70 0.27 7 0.23 - - 

135.30 -t 90.80 
79.80 : 34.00 
46.70 119.20 
21.60 7 6.50 

4.803 1.70 

63.20 •t 24.30 
77.10 7 39.20 
38.20+14.50 
98.70 -t48.40 - 

2.60 t 0~88 
0.91 7 0.52 
1.20 % 0.58 
0.78 -t 0.38 - 

6.40 t 2.10 
23.20 + 7.10 

1.50 t 0.61 
1.20: 0.57 - 

/ 1’1 2-4 
1 i; 4-6 

j 1: 6-8 
! 1 ',, 8-10 

, 
21 o-2 
2 2-4 
2 4-6 
2 8-10 

38.40 t 2.50 
50.50+ 1.30 
41.70 + 2.00 

0.91 - UJ 

1.70 UJ 
1.603 0.75 
2.60 t 0.49 
1.60 % 0.66 - 

59.80 t23.00 2.00 t 1.10 
79.10 +40.10 3.00 T 1.90 
39.907 15.10 2.507 1.20 

101.30749.70 5.007 2.90 - - 

3 o-1 
3 l-2 
3 2-3 
3 3-4 

2.40 t 0.17 1.70 t 0.62 
0.70- UJ 2.00 7 0.69 
0.94 t 0.19 2.10 -t 0.24 
0.86 7 0.04 1.50 + 0.52 - - 

2.80 t 0.94 
1.50 7 0.75 
0.86 7 0.47 
0.70: 0.35 - 

0.12 t 0.13 
0.15 - UJ 
0.13 UJ 
0.09 UJ 

I\ 4, o-2 

4' 4-6 
13.30 t 0.62 
7.50 7 0.41 - 

5.20 t 1.70 0.22 UJ 
24.40 + 7.50 0.98 t 0.50 - - 

5 o-2 0.73 UJ 
5 2-4 0.32 UJ 

1.90 t 0.20 
0.80: 0.82 - 

1.30 t 0.55 
0.93; 0.48 - 

0.11 UJ 
0.12 UJ 
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Table 3 

TCLP-Metals, PCB, and TPH Results in Soil 

Rinse Blank Rinse Blank Borehole 1 
#l #2 (O-8 ft) 

TCLP 
Regulatory 

Borehole 1 LimitsC . 
(2-4 ft> (w/kg) 

TCLP-Metals (mg/kg) 

Silver 
Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 

0.01 u* 0.01 u 0.01 u NAb 5.0 
0.1 u 0.1 u 0.1 u NA 5.0 
0.2 

:: 
0.1 

0.005 0.005 :: 
1.620 NA 100.0 
0.012 NA 1.0 

0.013 0.01 u 0.01 u NA .5.0 
0.0002u 0.0002u 0.0002u NA 0.2 
0.09 
0.1 

U 0.09 u 0.364 NA 5.0 
Selenium U 0.1 u 0.1 U NA 1.0 

PCB @-@kg) 

Aroclor-1016 NA 0.0005u NA NA 
Aroclor- 122 1 NA 0.0005u NA NA 
Aroclor- 1232 NA 0.0005u NA NA * 
Aroclor- 1242 NA 0.0005u NA NA 
Aroclor- 1248 NA 0.0005u NA NA 
Aroclor- 1254 NA 0.0005u NA NA ’ 
Arocior-1260 NA 0.0005u NA NA 

TPH (mgW 

Hydrocarbon 1.0 U 1.0 u 79 220 

144~0014 @7mm 
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Table 3 

(continued) 

&e2of4 

Borehole 1 Boreliole 2 
(8-10 fi) (6-8 ft) 

Borehole 2 
(10-10.5 ft) 

Borehole 2 
(O-10 ft) 

TCLP 
Regulatory 

Limits’ 
(w&) 

TCLP-Metals (mgkg) 

Silver 
Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 
Selenium 

PCB OWW 

0.01 ua 
0.1 u 
0.448 
0.005 u 
0.01 u 
0.0002u 
0.09 u 
0.1 u 

Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Aroclor- 1242 
Aroclor- 1248 
Aroclor- 1254 
Aroclor-1260 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

Hydrocarbon NA 

NAb 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.01 u 
0.1 u 
0.497 
0.007 
0.01 u 
0.0002u 
0.09 u 
0.1 u 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

75 NA 

0.01 u 
0.1 u 
0.895 
0.007 u 
0.01 u 
0.0002u 
0.162 u 
0.1 u 

6.2 u 
6.2 u 
6.2 u- 
6.2 u 
6.2 u 

16 
6.2 u 

69 

5.0 
5.0 

100.0 
1.0 
5.0 
0.2 
5.0 
1.0 



c 

Table 3 

(continued) 

Borehole 3 
(O-2 fi) 

Borehole 3 
(2-3.8 ft) 

Rorehole 3 
(O-3.8 fi) 

Borehole 4 
(O-2 ft) 

TCLP 
Regulatory 

Limits” ’ 
@x/kg) 

TCJ #P-Metals (mglkg) 

Silver 
Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 
Selenium 

PCB @g/kg) 

Aroclor-1016 
Aroclor- 122 1 
’ Aroclor- 1232 
Aroclor- 1242 
Aroclor- 1248 
Aroclor- 1254 
Aroclor- 1260 

TPH (w/kg) 

Hydrocarbon 

NA’ 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.6 

0.01 ub 
0.1 u 
0.373 
0.005 u 
0.01 u 
0.0002 u 
0.09 u 
0.1 u 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.4 

0.01 u 0.01 u 
0.1 u 0.1 u 
0.378 0.681 
0.005 u 0.019 
0.01 u 0.01 u 
0.0002 u 0.0002 u 
0.09 u 0.233 
0.1 u 0.1 u 

0.12 u 
0.12 u 
0.12 u 
0.12 u 
0.12 u 
0.12 u 
0.12 u 

4.0 u 

0.11 u 
0.11 u 
0.11 ‘u 
0.11 u 
0.11 u 
0.11 u 
0.11 u 

430 

5.0 
5.0 

100.0 
1.0 
5.0 
0.2 
5.0 
1.0 

144~0014 (07/lzm) 
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Table 3 

(continued) . 

Borehole 4 Borehole 5 
(4-6 ft) (O-2 fi) 

Borehole 5 
(2-4 ft) 

TCLP 
Regulatory 

LimitsC 
mu%) 

TCLP-Metals (mg/kg) 

Silver 
Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 

. Selenium 

PCB (mgk) 

Aroclor-1016 
Aroclor- 122 1 
Aroclor- 1232 
Aroclor- 1242 
Aroclor- 1248 
Aroclor- 1254 
Aroclor- 1260 

Hydrocarbon 

7.1 = Sample Detection Limit 

bNA = Not analyzed 

‘40 CFR 261. 

0.01 
0.1 
0.628 
0.005 
0.01 
0.0002 
0.09 
0.1 

lY 0.01 u 
U 0.1 u 

0.483 
U 0.005 u 

U 0.01 U 0.0002 :: 
U 0.09 u 
U 0.1 u 

0.01 
0.1 
0.49 
0.005 
0.01 
0.0002 
0.09 
0.1 

U 5.0 
U 5.0 

100.0 
U 1.0 
U 5.0 
U 0.2 
U 5.0 
U 1.0 

0.11 u 0.12 
0.11 u 0.12 : 
0.11 u 0.12 u 
0.11 u 0.12 u 
0.11. u 0.12 u 
0.11 u 0.12 u 
0.11 u 0.12 u 

430 18 4.0 u 

0.12 u 
0.12 u 
0.12 u 5 
0.12 u 
0.12 u 
0.12 u 
0.12 u 

144~0014 (u7/12/93) 

_... -...-_.. -_ _. _.--. 
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Appendix A 

Subsurface Gamma-Ray Radiation Logs 



REFERENCE NUMtkH. Nt53LI - .__ _ _ . 

T)lclNEberline 
SUBSURFACE GAMMA-RAY RAD IAT 

SURVEY I: 
SITE: NBS/l 44 JOB NUMBER: 065 SURVEYORS: 
AREA: RECORDER: 
DATE: 8/12/92 COUNT TIME: 1 MINUTE(S) 

ION LOG 

APPLmONiMANUSE 
R. MANUSE 
DEPTH (UNITS)= FT. 

21 436,000 

2.5 ’ 408,000 

3 372.000 

3.5 336,000 
t 

4 290,000 

4.5 208,000 

6 76,300 

6.5 64>300 

7 58,700 

7.5 53,600 

8 50,600 

8.5 54.900 

SCALER MODEL: ESP-2 SERIAL NUMBER: 1923 - 
DETECTOFl(SHIELDED): BHP SERIAL NUMBER 0606 
SCALER MODEL: SERIAL NUMBER: 
DETECTOR(UNSHIELDED): SERIAL NUUBER: 

COMMENTS: MEASUREMENTS TAKEN THROUGH 3” PVC CASING: 
RAD SAMPLES COLLECTED TO 10 FT. 

NOTE: CO~MAENTS MUST BE MADE.F~~~ ‘SPECIFIC GRID LOCATIONS. GIVE c00RDiNATEs OF 
THE LOCATIONS TO WHICH EACH COMMENT APPLIES. 



----. --. - .- . . 

TMAIEberline D 1’241 3 
SUBSURFACE -GAMMA-RAY RADIATION LOG 

SURVEY W: 
SITE: NBS/l 44 JOB NUMBER: 065 SURVEYORS: 
AREA: RECORDER: 
DATE: 8:13/92 COUNT TIME: 1 MINUTE(S) 

COORDINATES 

MANUSVKRATOCHVIL 
MANUSE 
DEPTH (UNITS)= FT. 

SCALER MODEL: 
DETECTOR(SHIELDED): 
SCALER MODEL: 
DETECTOR(UNSHIELDED): 

ESP-2 
BHP 

SERIAL NUMBER: 
SERIAL NUMBER: 
SERIAL NUMBER: 
SERIAL NUMBER: 

1923 
0506 

COMMENTS: MEASUREMENTS WERE TAKEN THROUGH 3’ PVC CASING: 
8449X002 - NO RAD SAMPLES WERE TAKEN FROM 6 - 8 TT. DUE TO POOR RECOVERY: 
B4492COO4 - NO RAD SAMPLES WERE TAKEN FROM 2 - 4 FT. DUE TO POOR RECOVERY: 

NOTE: COMMENTS MUST BE MADE.FOR SPECIFIC GRID LOCATIONS. GIVE COORDINATES OF 
THE LOCATIONS TO WHICH EACH COMMENT APPLIES. 



TMAlEberline 
SUBSURFACE GAMMA-RAY RADIATION LOQ 1.24 1 3 

SURVEY t: 
SITE: NBS11 44 JOB NUMBER: 065 SURVEYORS: 
AREA: RECORDER: 
DATE: 8/l 3/92 COUNT TIME: 1 MINUTUS) . . 

MANUSUKRATOCHVIL 
MANUSE 
DEPTH (UNITS)= TT. 

W-X) 
H WV) COOIWINATES 

SCALER MODEL: ESP-2 SERIAL NUMBER: 1923 
DFTECTOR(SHIELDED): BHP SERIAL NUMBER: _ 0506 
SCALER MODEL: SERIAL NUMBER: 
DFTECTOFi(UNSHIELDED): . SERIAL NUMBER: 

COMMENTS: MEASUREMENTS WERE TAKEN THROUGH 3” PVC CASING: 

NOTE: COMMENTS MUST BE MADE FOR SPECIFIC GRID LOCATIONS. GIVE COORDINATES OF 
THE LOCATIONS TO WHICH EACH COMMENT APPLIES. 
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Appendix B 

Geologic Drill Logs 
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PROJECT 

GEOLOGIC ‘DRILL LOG 
SITE (CCQRDI YATES 

FUSRAP 
JOB NO. SHEET NO. HOLE NO. 

14501 1OF 1 coo1 
(ANGLE FRO(( HORI~BEARING 

New Brunswick N 596J10.2; E 498,902.l. Vertical ------ 
BEGUN COMPLETED RILLER RILL MAKE AND HCOEL SIZE VERBURDEN ROCK (FT.) TOTAL DEPTI 

8-12-92 8-12-92 Hydro Group, Inc. Soil Sentry 8” 8.0 1.5 9.5 
CORE RECOVERY (FT./X) CORE BOXESSAMPLESEL. TOP CASING GROUND EL. DEPTH/EL. GRWND YATER EPTH/EL. TOP OF ROCK 

4.7/49* 0 5 ll8 107.1 / none ATD 
/ ne 8.0/99.1 

SAMPLE HAMMER UE I GNT/FALL CASING LEFT IN HOLE: DIA./LENGTH ILOGGED BY: 

0.9 15 

- - 

- SPLIT SPOOM; NO - COIIE BARREL; 3 
= WAND AUGER; 0 = OTHER I 

ELEC 
. 

DESCRIPTION AND CLRSSIFICATION ii;:? @GELS 
WATER RETURN; 
CHARACTER OF 
DRILLING, ETC. 

0.0 - 0.5 Et: TOPSOIL; Moderate reddbh 
\ brovn (lOR4/6). 

Corn 
g 

letc borehole 
r num l r is 

B4492COOl. 

pieces are vericulated; loore, slightly moist. 

4.0 - 6.0 it: Sudy SILT, (ML); Very Dusky 
red (lOB2/2 mme we.athered Bandatone 

P’I f??re;;p ~~~h~~~~w~~~~~~d10YR8/6), 

moderate y firm, moist. r* ’ 
69 - 8.0 h: Sandy GRAVEL, (GW); Grayirh 

oran e (lOYRI(4) to Pale yellowuh brovn 
(lOY%662], rtamed in areu with Dark 
reddieh rovn (lOEL2/4 and Blackish red 
(5R2 

I* 
2); randrtonc an h riltrtone gravel up 

weathered with <I mm Dark 
:tdOdirh brown (lOkS/4) oxidation rpotr, 
ea&is fme to medium grained; firm, rhghtly 

6.00ii~;5’fi: SILTSTONE 

(10&Z 
(SY6/2) to 4 

SANDSTONE; Light 
ale yellowirh’brown 

rtamed in areaa with Blackish 

TOTAL DEPTH = 9.5 FT. 

New Brunswick 

Gamma probe 
inlerted through 
augers into bore after 
each rnlit ‘noon 

i sample to l taluate 
bottom of radiologier 
contamination. 

Sampledt-4’ 
without augerin to 
2’. augered to 4. fI*. 

Sampled 6 - 6’ 
without augerin to 
6’, augered to 8. %I. 

Spoon and auger 
refusal at 9.5’. 

3” PVC casin 
inrerted to 8. 5 for 
gamma-logging. 

PVC colin was 
removed a f ter loggin 
and holevu 
backfilled with grout 

EiYgigggg 

caused by augering 
without center plug. 

l Con recove refer 
to l oil and rot u 
Iample. 

mmple. 

Colon from 
‘Rock-Color Chart’ 
:GSA, 1946). 

lOLE NO. 
coo1 



c 
PROJECT JOB YO. SHEET NO. HOLE NO. 

GEOLOGIC DRILL LOG FUSRAP 14501 IOF 1 coo2 
SITE ICOOR3 (YATES ANGLE FROM HORI~BEARINC 

BEGIJN 

New Brunswick 
ICOMPLETED JDRILLER 

N 596,091.8; E 498,920.3 1 Vertical 1 s----- 
bRILL MAKE AND MOEL /SIZE ~VEREURDEN [ROCK (FT.) [TOTAL DEPTh 

8-13-9218-13-921 Hydro Group, Inc. I Soil Sentry / 3” ( 8.7 I 1.9 1 10.6 
CORE RECOVERY (FT./X) CORE BOXESSMPLESEL. TOP CASING GROUND EL. DEPTH/EL. GROUND UATER EPTWEL. TOP OF ROCK 

4.9/46* 0 6 na 108.0 / none ATD 
/ na 8.7/99.3 

SAUPLE HAMMER UE I GHT/FALL CASING LEFT IN HOLE: DIA./LENGTH [LOGGED BY: 

1 i none 

= SPLIT SPOON; NO - CORE BARREL; : 
= HAND AUGER; 0 = OTHER I 

ELEV. DESCRIPTION AND CLASSIFICATION 

0.0 - 8.0 ft: Silty Sand, Dark reddiih brown 
(lORS/4), come rend&one gravel; some glaea, 
charcoal, and alap; rlap haa plusy to metallic 
luster come piece1 are veeaiculrted; firm, 
elightiy moirt. 

a.0 - a.4 it: chvel. 
8.4 - 8.7 ft: Slag, Black (Nl), come eand 
eirc, metallic hater, loorc. 

\ rlightlv moirt. 

TOTAL DEPTH = 10.6 FT. 

New Brunswick 

NOTES ON: 
WATER LEVELS, 
WATER RETURN, 
CHARACTER OF 
JRILLING, ETC. 
,CEl$;, borehole 

B4492CD02. 

Borehole sampled and 

!?E)LXht Xrp. 

G-a probe 
inserted into hole 
&ter each rplit spoon 
Iample to evaluate 
bottom of radiological 
contamination. 

Bole advanced to 
depth by 3’ OD rpiit 
rpoon ramplcre (hole 
vu not augered 
becaure of 4011 h 
problem caume B by 
augerin 

5 
without a 

center p ug.) 

S oon refusal a: 
1bX 

Gamma-logging 
corn leted m open 
bore ok. K 

Hole VU backfilled 
with grout. 

* Core recove 
r 

refers 
to roil end roe 
wnple. 

Deacri tion k 
:lrrr~ I&ion by ? 
vieual examination of 
mrnple. 

Colon from 
‘Rock-Color Chart’ 
[GSA, 194S). 

iOLE NO. 
coo2 

_- -. -_-^... . . ____---_.- .-.- 



EXECUTIVE SUMMARY ! 4 35 5 r-3 

The Department of Energy (DOE) has prepared this engineering evaluation/cost analys.3 
(EEKA) to evaluate potential cleanup options for a DOE-owned site in Middlesex County, New 
Jersey. This site was formerly owned and operated by the United States (US.) Atomic Energy 
Commission (AEC), and is referred to as the New Brunswick site (NBS) in this document. 

NBS was used by the Atomic Energy Commission behveen 1948 and 1977 for the 
nation’s early atomic research program. The site was used as a general nuclear chemistry 
laboratory, and was the site of numerous research projects involving radioactive materials. After 
operations ceased, the site was partially decontaminated, resulting in the removal of all buildings 
and structures, building foundations, and affected drainlines and sewer lines. Site 
characterization data indicate that materials which remain to be addressed at the site are limited 
to approximately 4,500 cubic yards (yd3) of radioactive soil and debris containing radioactive 
constituents. 

In 1990, DOE transferred responsibility for the site to the Formerly Utilized Sites 
Remedial Action Program (FUSRAP). FUSRAP was established under the authority of the 
Atomic Energy Act to identify, evaluate, and if necessary, clean sites formerly associated with 
the nation’s early atomic research program. NBS will be addressed under the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA), through the removal 
action process. Under DOE policy, the values of the National Environmental Policy Act 
(NEPA) are incorporated into the CERCLA process to ensure environmentai protection controls 
and opportunities for public involvement in the decision-making process. 

This EEKA document describes the location and history of the site; evaluates the results 
of prior investigations; and analyzes the benefits, risks, and costs of various removal action 
altemrkves developed to address the conditions at NBS. Four cleanup options have been 
evaluated for NBS: (1) no action, representing a baseline of current conditions; (2) coruainmem 
and insriruional controb, which would provide a permanent cover over the remaining materials 
and provide for long-term maintenance and monitoring; (3) complete excavation and o$S‘ire 
disposal; and (4) panial examion and ofiire disposal. DOE is proposing Option 3, complete 
excavation and offsite disposal, as its preferred action. 

This document also addresses elements of public involvement, including the availability 
of the document to the public and specific information concerning the public comment period, 
as well as the community relations plan for the site. Members of the public, state and local 
officials, and other interested parties have been provided an opportunity to review this document 
in accordance with the requirements of 40 CFR 300.415. DOE has afully reviewed all 
comments received during the public comment period which began January 29, 1996 and ended 
February 28, 1996, and a summary of comments and responses is provided as an Appendix to 
this document. 

vii 
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PROJECT JOB NO. SHEET NO. HOLE NO. 

GEOLOGIC ‘DRILL LOG FUSRAP 14501 1 OF 1 coo4 
SITE COORDINATES 

New Brunswick N 596,125.l; E 499,068.3 -----e 
BEGUN CDHPLETED RILLER RILL HAKE AND ClOOEL SIZE VERBURDEN ROCK (FT.) TOTAL DEPT 

8-13-92 8-13-92 Hydro Group, Inc. Soil Sentry 3” 4.7 1.3 6.0 
CORE RECOVERY (FT./X) CORE BOXESjSAHPLESEL. TOP CASING GROUND EL. 

2.8/4.7* 0 1 3 na 109.7 
P;H/& ilN$JV”D UATER 

/rla 
SAMPLE HAMMER UEIGHT/FALL CASING LEFT IY HOLE: DIA./LENGTH l~ffiGED 6r: 

Ill ! 

EPTH/EL. TOP OF ROCK 

4.7/105.0 

= SPLIT SPWN; NO = CORE BARREL; : 
= HAND AUGER; 0 = OTHER I 

ELEV. 

6 

DESCRIPTION AND CLRSSIFICRTION 

4.S - 4.7 ft: Slag, Black 
pebble be, mguiu, me L 

Nl), fine rand to 
eiirc luster, rome 

pieca are vuicuiated, ioore. 

TOTAL DEPTH = 6.0 PT. 

New Brunswick 

NOTES ON: 
LMTER LEVELS, 
WATER RETURN, 
CHARACTER OF 
DRILLING, ETC. 
Corn ictc borehoic 
num ti cr ir 
B44Q2COO4. 

Borehoic wnplcd an 

KEgx: bd’arp 

G-B probe 
inserted mto hole 
sfter each split rpoor 
l 8mpie to rduate 
bottom of radiologic: 
contamination. 

Hole sdvmced to 
depth by 3’ OD lpiit 
rpoon rampiera (hole 
vu not augered 
becsure of riou 

B 
h 

problem awe 
augerin 

by 

s 
without a 

center p up.) 

Spoon rafud et 6.0’ 
Gamma-ioyging 
corn 

R 
ieted an open 

bore oie. 

Hole VU backfilled 
with grout. 

l Core rwove 
2 

refer 
toroil and roe 
runpie. 

Ducri tion k 
clew ration by *P 
vieuai examination of 
BWlPh. 

Colon from 
‘Rock-Color Chart” 
(GSA, lQ48). 

HOLE NO. 
coo4 



IPROJECT IJOB NO. ISHEET NO. IHOLE NO. 

GEOLOGKDRILL LOG FUSRAP 14501 1OF 1 1 coos 
SITE CWROINATES ANGLE FROM HORI BEARING 

New Brunswick N 596,034-l; E 498:860.5 Vertical ------ 
BEGUN ~c~HPLETED JDR I LLER /DRILL MAKE AND MCOEL (SIZE VERBURDEN /ROCK (FT.1 1 TOTAL DEPl 

= SPLIT SPOON; NO = CORE BARREL; : 
= HAND AUGER; 0 = OTHER I 

8-13-9218-13-921 Hydro Group, Inc. Soil Sentry 1 3” 1 2.0 1 2.0 4.0 

LORE RECOVERY (FT./%) CORE BOXESSAHPLESEL. TOP USING GROUND EL. DEPTH/EL. GROUND WATER EPTH/EL. TOP OF ROCK 

2.8/7.0’ 0 2 na 109.5 / none ATD 
/ ne 2-O/107.5 

SAMPLE HAMMER UEIGHT/FALL CASING LEFT IN HOLE: DIA./LENGTH IL~~GGED 67: 

e Stephen Knuttel 

ELEV. E 
8 

- 

- 

(Template: ZHYH,) 

DESCRIPTION AND CLRSSIFICATION 

I 
0.0 - 0.6 ft: TOPSOIL; Blackirh red (5R2/2), 

dt and fine sand, wrth fine roots, slightly 
moist. firm. 

0.6 - 1.0 It: Sm SILT, (ML); Dark reddirh 
, Jilt to coarse rand some 
up to 2 cm, firm, riightly 

moirt. 
1.0 - 4.0 ft: SILTSTONE; Dark reddish brown 

weathered, with silt and #and, 
layered, friable, riiphtly 

Y moirt. / 

I TOTAL DEPTH = 4.0 FT. 

NOTES ON: 
WATER LEVELS, 
WATER RETURN, 
CHFlRACTER OF 
DRILLING, ETC 
Corn letc borchole 
num Iii l r is 
B4492Co05. 

Borehole rampled ar 
amma-log ed by 

!‘MA/Ebertfne Corf 

Gamma probe 
inrerted into hole 
after each rpiit JPOO 
sample to evaluate 
bottom of radiologic 
contamination. 

Hole advanced to 
depth by S’ OD spli 
spoon ramplerJ (holo 
vu not augered 
because of rlou 
problem cause % 

h 

augerin 
by 

center p ug.) s 
without a 

Spoon refural at 4.0 
Gamma-logging 
corn 
bore ole. K 

leted m open 

Hole wu backfilled 
with roil. 

’ Core recove refe 
IO roil and rot ? 
wnple. 

Deacri 
P 

tion & 
:Irui Ication bv 
vieual examinaiion c 
Iample. 

~olorr from 
‘Rock-Color Chart’ 
:GSA, 1948). 

lOLE NO. 
coo5 
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RADIoLOGICAL SURVEY OF 
990 JERSEY AVENUE, 

NEW BRUNSWICK, NEW JERSEY 

INTRODUCTION 

The property that formerly contained the structures collectively known as the New Brunswick 

Laboratory (NBL), is located in the town of New Brunswick, New Jersey. The site was 

developed during World War II by a manufacturing company that the U.S. Navy contracted to 

build naval pumps. The Atomic Energy Commission (AEC), predecessor organization to the 

Department of Energy (DOE), acquired the facilities in 1948 and established a standards 

laboratory for the assay of nuclear and non-nuclear materials used in reactor and weapons 

programs. The work performed at NBL included the following: nuclear material assay; spectra 

chemical analysis of lithium, magnesium, beryllium, zirconium, and other materials used in the 

nuclear fuel cycle; a small scale boron recovery pilot plant operation; operation of a thorium 

extraction pilot plant; development of a continuous production system for uranium tetraflouride; 

and the preparation of high purity plutonium sulfate. In addition, 500 m3 (18,000 f?) of 

Belgian-Congo pitchblende (a high-grade uranium ore) were transferred to the site in 1960 from 

the Middlesex Municipal Landfill; mixed with 2,600 m3 of clean soil; and used as fill on’an 

abandoned railroad spur located on the site. The above activities resulted in radiological 

contamination of the property. 

The NBL operated in this capacity until 1977, at which time the laboratory was deactivated. 

Remedial actions, conducted in two phases, were initiated in 1978 and completed in 1983. The 

remediation began with decommissioning the facility and preliminary decontamination of 

structures and equipment; this was followed by removal of structures and sewer lines, and 

subsequent off-site transport of contaminated materials. Approximately 340 m3 of contaminated 

site soils were placed near the soil containing the Middlesex pitchblende. . 

The DOE included the site in its Formerly Utilized Sites Remedial Action Program (FUSRAP) 

in order to develop appropriate remedial response actions for the residual activity that remains 

Newbrunswick - Novanbcr 17, 1993 



on the site. Bechtel National, Inc. (BNI), the FUSRAP project management contractor (PMC) 

performed a limited radiological survey of the NBL. This survey identified several areas with 

elevated direct gamma radiation and elevated soil concentration levels of Ra-226, Th-232, and 

U-238.’ One of these contaminated locations was adjacent to the southwestern property 

boundary, which borders a privately owned parcel of land. 

The DOE’s Office of Environmental Restoration and Waste Management recommended that the 

current radiological condition of this vicinity property be determined and requested that the 

Environmental Survey and Site Assessment Program (ESSAP) of the Oak Ridge Institute for 

Science and Education (ORISE) conduct a radiological survey of the property. This report 

summarizes the procedures and results of that survey. 

SITE DESCRIPTION 

The vicinity property is located at 990 Jersey Avenue, approximately 3.2 km (2 mi) southwest 

of downtown New Brunswick, New Jersey (Figure 1). The 1 ha (2.5 ac) site is in a light 

industrial area and contains one building, from which two separate businesses.operate. The 

property is bounded to the northeast by NBL, to the southeast by the Pennsylvania Railroad, to 

the southwest by a light industrial facility, and to the northwest by Jersey Avenue (Figure 2). 

Surfaces are predominantly asphalt parking and driveways with smaller areas of grass and soil. 

OBJECTIVE 

The objective of the survey was to determine the radiological status of the site, relative to the 

DOE Order 5400.5 Chapter IV guidelines. The results will be used by DOE/EM to determine 

whether there is need for further actions under FUSRAP. 

PROCEDURES 

A preliminary visit was made to the site on April 20, 1993. Then on June 5 and 6, and July 8, 

1993 a survey team from ESSAP performed radiological measurements and sampling at the site. 
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Survey activities were conducted in accordance with a May 27, 1993 site specific survey plan 

submitted to and approved by DOE/HQ.* 

REFERENCE SYSTEM 

ESSAP utilized prominent site features to reference measurement and sampling locations. 

SURFACE SCANS 

Surface scans for alpha, beta, and gamma activity were performed over 100 percent of the 

property grounds, using gas proportional and NaI detectors. Detectors were coupled to 

ratemeters or ratemeter-scalers with audible indicators. Locations of elevated direct radiation, 

identified by scans, were marked for further investigation. 

SOIL SAMPLING 

Surface soil samples were collected from 13 locations on the property, 5 of which were locations 

beneath the asphalt drive that forms the northern property boundary (Figure 3). Additional 

subsurface samples, to depths of up to 75. cm, were collected from 4 of the 13 sampling 

locations. 

SURFACE ACTIVITY MEASUREMENTS 

Direct measurements for total alpha and total beta activity levels were made at 24 locations 

(Figure 4). 
-\ 

SAMPLE ANALYSIS AND DATA INTERPRETATION 

Samples and data were returned to ESSAP’s Oak Ridge, Tennessee, facility for analysis and 

interpretation. Soil samples were analyzed by gamma spectrometry for Ra-226, U-238, U-235; 

Th-232, and Th-228. Spectra were also reviewed for any other identifiable photopeaks. Alpha 
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spectrometry was used to analyze two composite samples for isotopic plutonium and one 

individual sample for isotopic uranium. Results of soil analyses were reported in units of pCi/g. 

Direct measurement data were converted to units of dpm/lOO cm’. 

Survey results were compared with the DOE guidelines for residual contamination which are 

found in DOE order 5400.5 and summarized in Appendix C. 

FINDINGS AND FWXJLTS 

SURFACE SCANS 

Surface scans identified one location of elevated direct gamma radiation, five times background 

level; on the north property boundary (Figure 5). Investigative scans determined that the 

elevated gamma radiation was confined to an area of approximately 1 m2. 

FWDIONUCLIDE CONCENTRATIONS IN SOIL 

Radionuclide concentrations in soil samples are .summarized in Table 1. The concentration 

ranges in surface samples (0 to 15 cm) were 0.6 to 3.8 pCi/g for Ra-226, 0.4 to 2.1 pCi/g for 

U-238, 0.1 to 0.7 pCi/g for U-235, 0.7 to l.S’pCi/g for Th-232, and 0.8 to 1.2 pCi/g for 

Th-228. Concentration ranges in subsurface samples (greater than 15 cm in depth) were 

0.5 to 22.0 pCi/g for Ra-226, 0.7 to 9.5 pCi/g for U-238, 0.1 to 3.4 pCi/g for U-235, 

0.8 to 2.1 pCi/g for Th-232, and 1.0 to 1.7 pCi/g for Th-228. The plutonium concentration 

levels in the two composite samples were less than the minimum detectable activities of the 

procedures which were less than 0.08 pCi/g for Pu-238 and less than 0.07 pCi/g for Pu-239/246. 

The U-238 to U-234 ratio provided by the isotopic uranium analysis of the sample from the 30 

to 45 cm depth of location #1 indicated that the uranium present was in naturally occurring 

isotopic abundances. 
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SURF’ACE ACTIVITY LEVELS 

All surface activity levels were less than 66 dprn/lOO cm’ for alpha and less than 590 dpm/lOO 

cm* for beta. 

COMPARISON OF RESULTS WITH GUIDELINES 

The radionuclide soil concentrations and the surface activity levels were compared with the DOE 

guidelines summarized in Appendix C. 

The generic DOE guidelines for residual above background concentrations of radionuclides in 

soil, assuming secular equilibrium, are as follows: 

Ra-226, Ra-228, Th-230, and Th-232 - 

- 

5 pCi/g averaged over the first 15 cm of 

soil below the surface 

15 pCi/g averaged over 15 cm thick 

layers of soil more than 15 cm below 

the surface 

The 30 to 45’cm depth interval sample from location #l contained 22.0 pCi/g of Ra-226, which 

exceeds the 15 pCi/g above background guideline. However, the guidelines permit averaging 

the soil concentration levels over an area of up to 100 m*. The mean Ra-226 concentration for 

the contiguous area, developed from the Table 1 results for location #‘s 1, 3 (18 m from 

location #l), 4 (23 m from location #l), and 13 (4 m from location #l) at the 30 to 45 cm depth 

interval, was 6.2 pCi/g. 

The most restrictive total surface contamination guidelines found in Appendix C were used for 

alpha and beta activity level comparisons. Total alpha activity levels were therefore compared 

to Ra-226 guidelines, of 100 dpm/lOO cm2, average in a 1 m* area, and 300 dpm/lOO cm*, 
maximum in a 100 cm* area.3 Total beta activity levels were compared to the Th-232 guidelines 
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of 1000 dpm/lOO cm2, average in a 1 m2 area and 3000 dpm/lOO cm2, maximum in a 100 cm2 

area. All measured activity levels were well within these guidelines. 

SUMMARY 

The Environmental Survey and Site assessment Program performed a limited radiological survey 

of-a vicinity property of the New Brunswick Laboratory on June 5 and 6, and July 8, 1993. 

Survey activities included surface scans, direct measurements, and soil sampling. 

The survey identified one localized subsurface area of soil, adjacent to contamination previously 

identified on the New Brunswick Laboratory site, with approximately 22.0 pCi/g of Ra-226. 

The subsurface zone containing elevated concentrations of Pa-226 ranged from.15 cm to 60 cm 

in depth, with the highest concentration at the 30 to 45 cm depth. However, the average Ra-226 

concentration over the contiguous 100 m2 area’ satisfies the guideline. Radionuclide 
concentration levels in all other soil samples were below guideline levels; most were within the 

range of typical background levels. All surface activity levels were well below guideline levels. 
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NOT TO SCALE 

FIGURE 1: Location of the New Brunswick Laboratory Site, New Brunswick, New Jersey 
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FIGURE 2: Plot Plan of the 990 Jersey Avenue Property 
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FIGURE 4: 990 Jersey Avenue - Measurement Locations 
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TABLE 1 

RADIONUCLIDE CONCENTRATIONS IN SOIL 
‘990 JERSEY AVENUE 

NEW BRUNSWICK, NEW JERSEY 

Location’ 
and 

Radionuclide Concentrations (pCi/g) 

Depth Ra-226 U-238 U-235 lb232 Th-228 

1 O-15 cm 3.8 & 0.5b 1.4 f 0.4 0.7 IfI 0.1 1.2 + 0.6 1.2 & 0.2 

15-30 cm 11.3 + 0.8 3.6 + 2.8 2.2 f 0.3 2.1 + 0.6 1.6 + 0.2 

30-45 cm 22.0 +_ 1.0 9.5 + 3.8 3.4 f 0.3 1.2 + 0.6 1.5 + 0.3 

45-60 cm 9.2 +_ 1.7 2.2 + 0.4 1.5 + 0.1 1.2 * 0.3 1.4 * 0.2 

60-75 cm 3.1 f 0.4 1.4 + 1.4 0.4 + 0.1 1.3 * 0.4 1.1 f 0.2 

2 O-15 cm 0.7 & 0.2 0.6 4 0;9 0.1 + 0.1 0.7 f 0.3 0.8 f 0.1 

3 O-15 cm 0.8 + 0.2 1.0 f 0.4 0.1 + 0.1 1.1 * 0.3 1.0 + 0.1 

15-30 cm 0.5 + 0.2 0.7 * 0.9 0.1 f 0.1 0.9 +, 0.4 1.1 * 0.1 

30-45 cm 1.0 + 0.2 2.6 4 1.5 0.2 f 0.1 1.3 * 0.3 1.2 f 0.1 

45-60 cm 1.0 & 0.3 1.7 + 1.4 0.1 + 0. I 0.8 rf: 0.4 1.3 + 0.2 

60-75 cm 0.8 &- 0.2 1.7 4 1.2 0.1 f 0.1 1.6 + 0.4 1.3 f 0.1 

4 O-15 cm 0.7.,+ 0.2 2.1 4 1.7 0.1 + 0.1 0.7 +. 0.3 0.8 rt 0.1 

15-30 cm 0.9 f 0.2 0.9 f 1.3 0.1 + 0.1 1.1 ‘f 0.4 1.4 f 0.1 

30-45 cm 0.9 + 0.3 1.4 * 1.5 0.2 _+ 0.1 1.5 f 0.6 1.7 f 0.2 

45-60 cm’ 0.8 + 0.2 1.2 f 1.2 0.1 It 0.1 1.2 + 0.4 1.4 + 0.1 



TABLE 1 (Continued) 

RADIONIJCLIDE CONCENTRATIONS IN SOIL 
990 JERSEY AVENUE 

NEW BRUNSWICK, NEW JERSEY 

Location’ 
and 

Radionuclide Concentrations (pCi/g) 

Depth Ra-226 U-238 U-235 Th-232 IX-228 

5 O-15 cm 0.8 f 0.2 1.0 1.3 + 0.1 _+ 0.1 0.8 + 0.3 1.1 & 0.1 

6 O-15 cm 0.7 +_ 0.2 0.5 0.8 +_ 0.1 & 0.1 0.8 +_ 0.3 0.9 + 0.1 

7 O-15 cm 0.9 + 0.2 0.7 0.3 f 0.1 * 0.1 1.4 + 0.4 1.2 + 0.1 

8 O-15 cm 0.7 +, 0.2 1.2 * 1.0 0.1 + 0.1 1.0 * 0.4 1.2 & 0.1 

9 O-15 cm 0.7 + 0.2 0.4 + 1.0 0.1 + 0.1 1.3 * 0.3 1.2 4 0.1 

10 O-15 cm 0.6 + 0.2 1.0 f 1.0 0.1 * 0.1 0.9 + 0.3 0.9 _+ 0.1 

11 O-15 cm 0.6 + 1.5 0.9 * 1.2 0.1 * 0.1 0.9 & 0.3 1.1 +_ 0.1 

!2 O-15 cm 2.0 * 0.3 1.2 * 1.5 0.3 f 0.1 1.5 rfr 0.6 1.1 + 0.2 

13 O-15 cm 0.7 + 0.2 1.6 + 1.1 0.1 + 0.1 1.3 * 0.4 0.9 + 0.2 

15-30 cm 0.7 + 0.3 0.8 + ,1.4 0.2 * 0.1 1.6 & 0.5 1.4 * 0.2 

30-45 0.8 +_ 0.2 1.0fl.l 0.2 f 0.1 cm 1.4 +, 0.4 1.3 f 0.2 

45-60 cm 0.7 + 0.3 1.2 * 0.4 0.1 0.1 1.1 0.4 f f 1.0 f 0.1 

‘Refer to Figure 3. 
‘JJncertainties represent the 95% confidence level, based only on counting statistics. 
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APPENDIX A 

MAJOR INSTRUMENTATION 

The display of a specific product is not to be construed as an endorsement of the product or its 
manufacturer by the authors or their employers. 

DIRECT RADIATION MEASUREMENT 

Instruments 

\ Eberline Pulse Ratemeter 
Model PRM-6 
(Eberline, Santa Fe, NM) 

Ludlum Floor Monitor 
Model 239-1 
(Ludlum Measurements, Inc., 
Sweetwater, TX) 

Ludlum Ratemeter-Scaler 
Model 2221 
(Ludlum Measurements, Inc., 
Sweetwater, TX) 

Detectors 

Eberline GM Detector 
Model HP-260 
Effective Area, 15.5 cm2 
(Eberline, Santa Fe, NM) 

Eberline ZnS Scintillation Detector 
Model AC-3-7’ 
Effective Area, 59 ‘cm2 
(Eberline, Santa Fe, NM) 

Ludlum Gas Proportional Detector 
Model 43-37 
Effective Area, 550 cm* 
(Ludlum Measurements, Inc., 
Sweetwater, TX) 
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Victoreen NaI Scintillation Detector 
Model 489-55 
3.2 cm x 3.8 cm Crystal 
(Victoreen, Cleveland, OH) 

LABORATORY ANALYTICAL INSTRUMENTATION 

Alpha Spectrometry System 
Canberra, Meriden, CT) 
Used in conjunction with: 
Multichannel Analyzer 
3100 Vax Workstations 
(Canberra, Meriden, CT) 

High Purity Extended Range Intrinsic Detectors 
Model No: ERVDS30-25 195 
(Tennelec, Oak Ridge, TN) 
Used in conjunction with: 
Lead Shield Model G-l 1 
(Nuclear Lead, Oak Ridge, TN) and 
Multichannel Analyzer 
3100 Vax Workstation 
(Canberra, Meriden, CT) 

High-Purity Germanium Detector 
Model GMX-23 195-S) 23 % Eff. 
(EG&G ORTEC, Oak Ridge, TN) 
Used in conjunction with: 
Lead Shield Model G-16 
(Gamma Products, Palos Hills, IL) and 
Multichannel Analyzer 
3 100 Vax Workstation 
(Canberra, Meriden, CT) 
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APPENDIX B 

SURVEY AND ANALYTICAL PROCEDURES 

SURVEY PROCEDURES 

Surface Scans 

Surface scans were performed by passing the probes slowly over the surface; the distance 

between the probe and the surface was maintained at a minimum - nominally about 1 cm. A 

large surface area, gas proportional floor monitor was used to scan the paved portions of the 

surveyed areas. Identification of .elevated levels was based on increases in the audible signal 

from the recording and/or indicating instrument. Combinations of detectors and instruments 
used for the scans were: 

Alpha - . gas proportional detector with ratemeter-scaler 

Beta -. gas proportional detector with ratemeter-scaler 

Gamma - NaI scintillation detector with ratemeter 

Surface Activitv Measurements 

Measurements of total alpha and total beta activity levels were performed using ZnS scintillation 

and GM detectors with ratemeters-scalers. Count rates (cpm), which were integrated over 1 
minute for alpha measurements and 5 minutes for beta measurements in a static position, were 

converted to activity levels (dpm/lOO cm*) by dividing the net rate by the 4 ?r efficiency and 

correcting for sample count time and the active area of the detector. The alpha activity 
background countrate for the ZnS scintillation detector was 1 cpm. The alpha efficiency factor 

was 0.19 for the ZnS scintillation detector. The beta activity background count rate for the GM 

detector averaged 56 cpm. The beta efficiency factor was 0.17 for the GM detector. The 
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effective windows for the ZnS scintillation and GM detectors were 59 cm*, and 15.5 cm*, 

respectively. 

Soil Samding 

Approximately 1 kg of soil was collected at each sample location. Collected samples were 

placed in a plastic bag, sealed, and labeled in accordance with ESSAP survey procedures. 

ANALYTICAL PROCEDURES 

Gamma bectrometry 

Soil Samples 

Soil samples were dried, mixed, crushed, and/or homogenized as necessary, and a portion sealed 

in OS-liter Marinelli beaker or other appropriate container. The quantity placed in the beaker 

was chosen to reproduce the calibrated counting geometry and ranged from 500 to 800 g of 

material. Net material weights were determined and the samples counted using intrinsic 

germanium detectors coupled to a pulse height analyzer system. Background and Compton 

stripping, peak search, peak identification, and concentration calculations were performed using 

the computer capabilities inherent in the analyzer system. Energy peaks used for determination 

of radionuclides of concern were: 

Ra-226 0.609 MeV from Bi-214’ 

Th-228 0.239 MeV from Pb-212 

Th-232 : 0.911 MeV from AC-228* 

U-235 0.186 MeV 

U-238 0.063 and 0.093 MeV from Th-234* (or 1.001 MeV from Pa-234 m)* 

*Secular equilibrium assumed. 

Spectra were also reviewed for other identifiable photopeaks. 

Newbrunswick - Novanbcr 17. 1993 B-2 



Alpha Spectrometry 

Soil Samples 

Soil was crushed, homogenized and analyzed for isotopic plutonium and uranium. Samples were 

dissolved by potassium fluoride and pyrosulfate fusion and the elements of interest were 

precipitated with barium sulfate. Barium sulfate precipitate was redissolved and the specific 

elements of interest were individually separated by liquid-liquid extraction and re-precipitated 

with a cerium fluoride carrier. The precipitate was then counted using surface barrier and ion 

implanted detectors (Canberra), alpha spectrometers (Tenneiec and Canberra), and a 

multichannel analyzer (Nuclear Data). 

UNCERTAINTIES AND DETECTION LIMITS 

The uncertainties associated with the analytical data presented in the tables of this report 

represent the 95% confidence level for that data. These uncertainties were calculated based on 

both the gross sample count levels and the associated background count levels. When the net 

sample count was less than 2.71 + 4.66 times the statistical deviation of the background count,. 

the sample concentration was reported as less than the detection limit of the measurement 

procedures. Because of variations in background levels, measurement efficiencies, and 

contributions from other radionuclides in samples, the detection limits differ from sample to 

sample and instrument to instrument. Additional uncertainties, associated with sampling and 

measurement procedures, have not been propagated into the data presented in this report. 

CALIBRATION AND QUALITY ASSURANCE 

Analytical and field survey activities were conducted in accordance with procedures from the 

following documents of the Environmental Survey and Site Assessment Program: 
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l Survey Procedures Manual Revision 7 (May .1992) 

l Laboratory Procedures Manual Revision 7 (April 1992) 

0 Quality Assurance Manual Revision 5 (May 1992) 

The procedures contained in these manuals were developed to meet the requirements of DOE 

Order 5700.6C and ASME NQA-1 for Quality Assurance and contain measures to assess 

processes during their performance. 

Calibration of all field and laboratory instrumentation was based on standards/sources, traceable 

to NTST. 

Quality control procedures include: 

l Daily instrument background and check-source measurements to confirm that 

equipment operation is within acceptable statistical fluctuations,’ 

a Participation in EPA and EML Quality Assurance Programs, .I 

l Training and certification of all individuals performing procedures, and 

0 Periodic intemai and external audits. 
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, APPENDIX C 

SUMIMARY OF DEPARTMENT OF ENERGY 
RESIDUAL RADIOACTIVE MATERIAL GUIDELINES’ 

BASIC DOSE LIMITS 

The basic dose limit for the annual radiation dose (excluding radon) received by an individual 
member of the general public is 100 mrem/yr.* In implementing this limit, DOE applies as low 
as reasonably achievable principles to set site-specific guidelines. 

EXTERNAL GAMMA RADIATION 

The average level of gamma radiation inside a building or habitable structure on a site that has 
no radiological restriction on its use shall not exceed the background level by more than 20 pR/h 
and will comply with the basic dose limits when an appropriate-use scenario is considered. 

SURFACE CONTAMINATION GUIDELINES 

Radionuclidesb 

Allowable Total Residual Surface Contamination 
(dpm/ 100 cm’)’ 

Averagec*d Maximumd+ Removabled*’ 

Tmnsuranics, Ra-226, Ra-228, 
Th-230 Th-228, Pa-23 1, AC-227, 
I-125, I-129. 100 300 20 

Th-Natural, Th-232, Sr-90, 
Ra-223, Ra-224, U-232, 
I-126, 1-131, I-133 Loo0 3,000 200 

U-Natural, U-235, U-238, and 
associated decay products 5,oooir 15,oooa 1,OOOff 

Beta-gamma emitters (radionuclides 
with decay modes’other than 
alpha emission or spontaneous 
fission) except Sr-90 and others 
noted above UW+Y 15,0008-? 1 ,ow-y 

. . -_I_ 
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’ As used in this table, dpm (disintegrations per minute) means the rate of emission by 
radioactive material as determined ‘by correcting the counts per minute measured by an 
appropriate detector for background, efficiency, and geometric factors associated with the 
instrumentation. 

b Where surface contamination by both alpha- and beta-gamma-emitting radionuclides exists, the 
limits established for alpha- and beta-gamma-emitting radionuclides should apply 
independently. 

’ Measurements of average contamination should not be averaged over an area of more than 
1 m*. For objects of less surface area, the average should be derived for each such object. 

d The average and maximum dose rates associated with surface contamination resulting from 
beta-gamma emitters should not exceed 0.2 mrad/h and 1.0 mrad/h, respectively,‘at a depth 
of 1 cm. 

e The maximum contamination level applies to an area of not more than 100 cm*. 

f The amount of removable radioactive material per 100 cm* of surface area should be 
determined by wiping an area of that size with dry filter or soft absorbent paper, applying 
moderate pressure, and measuring the amount of radioactive material on the wipe with an 
appropriate instrument of known efficiency. When removable contamination on objects of 
surface area less than 100 cm* is determined, the activity per unit area should be based on the 
actual area and the entire surface should be wiped. The numbers in this column. are maximum 
amounts. 

SOIL GUIDELINES 

Radionuclides Soil Concentration (pCi@ Above Background+‘*’ 

Radium-226, Radium-228, 
Thorium-230, Thorium-232 5 pCi/g, averaged over the first 15 cm of soil below the 

surface; 15 pCi/g, averaged over 15-cm-thick layers of soil 
more than 15 cm below the surface. 

Other Radionuclides Soil guidelines are calculated on a site-specific basis, using 
the DOE manual developed for this use. 

’ These guidelines take into account ingrowth of radium-226 from thorium-230 or thorium-232 
and radium-228 and assume secular equilibrium. If either Th-230 and Ra-226 or Th-232 and 
Ra-228 are both present, not in secular equilibrium, the guidelines apply to the higher 
concentration. If other mixtures of radionuclides occur, the concentrations of individual 
radionuclides shall be reduced so that (1) the dose for the mixtures will not exceed the basic 
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dose limit, or (2) the sum of ratios of the soil concentration ofeach radionuclide to the 
allowable limit for that radionuclide will not exceed 1 (“unity”). 

b These guidelines represent allowable residual concentrations above background averaged across 
any 15-cm-thick layer to any depth and over any contiguous 100 m* surface area. 

’ If the average concentration in any surface or below-surface area, less than or equal to 25 m*, 
exceeds the authorized limit of guideline by a factor of (100/A)‘, where A is the area or the 
elevated region in square meters, limits for “hot spots” shall also be applicable. Procedures 
for calculating these hot spot limits, which depend on the extent of the elevated local 
concentrations, are given in the DOE Manual for Implementing Residual Radioactive Materials 
Guidelines.3 In addition, every reasonable effort shall be made to remove any source of 
radionuclide that exc&ds 30 times the appropriate limit for soil, irrespective of the average 
concentration in the soil. 



1. “Guidelines for Residual Radioactive Material at Formerly Utilized Sites Remedial Action 
Program and Remote Surplus Facilities Management Program Sites,” U.S. Department of 
Energy, Revision 2, March 1987. 

2. “Radiation Protection of the Public and the Environment,” DOE Order 5400.5, U.S. 
Department of Energy, February 8, 1990. 

3. Argonne National Laboratory “A Manual for Implementing Residual Radioactive Material 
Guidelines, * DOEKH8901, June 1989. 
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EXECUTIVE SUMMARY ! 4 35 5 r-3 

The Department of Energy (DOE) has prepared this engineering evaluation/cost analys.3 
(EEKA) to evaluate potential cleanup options for a DOE-owned site in Middlesex County, New 
Jersey. This site was formerly owned and operated by the United States (US.) Atomic Energy 
Commission (AEC), and is referred to as the New Brunswick site (NBS) in this document. 

NBS was used by the Atomic Energy Commission behveen 1948 and 1977 for the 
nation’s early atomic research program. The site was used as a general nuclear chemistry 
laboratory, and was the site of numerous research projects involving radioactive materials. After 
operations ceased, the site was partially decontaminated, resulting in the removal of all buildings 
and structures, building foundations, and affected drainlines and sewer lines. Site 
characterization data indicate that materials which remain to be addressed at the site are limited 
to approximately 4,500 cubic yards (yd3) of radioactive soil and debris containing radioactive 
constituents. 

In 1990, DOE transferred responsibility for the site to the Formerly Utilized Sites 
Remedial Action Program (FUSRAP). FUSRAP was established under the authority of the 
Atomic Energy Act to identify, evaluate, and if necessary, clean sites formerly associated with 
the nation’s early atomic research program. NBS will be addressed under the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA), through the removal 
action process. Under DOE policy, the values of the National Environmental Policy Act 
(NEPA) are incorporated into the CERCLA process to ensure environmentai protection controls 
and opportunities for public involvement in the decision-making process. 

This EEKA document describes the location and history of the site; evaluates the results 
of prior investigations; and analyzes the benefits, risks, and costs of various removal action 
altemrkves developed to address the conditions at NBS. Four cleanup options have been 
evaluated for NBS: (1) no action, representing a baseline of current conditions; (2) coruainmem 
and insriruional controb, which would provide a permanent cover over the remaining materials 
and provide for long-term maintenance and monitoring; (3) complete excavation and o$S‘ire 
disposal; and (4) panial examion and ofiire disposal. DOE is proposing Option 3, complete 
excavation and offsite disposal, as its preferred action. 

This document also addresses elements of public involvement, including the availability 
of the document to the public and specific information concerning the public comment period, 
as well as the community relations plan for the site. Members of the public, state and local 
officials, and other interested parties have been provided an opportunity to review this document 
in accordance with the requirements of 40 CFR 300.415. DOE has afully reviewed all 
comments received during the public comment period which began January 29, 1996 and ended 
February 28, 1996, and a summary of comments and responses is provided as an Appendix to 
this document. 

vii 
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1. INTRODUCTION ‘. L j .. 5 k 

This engineering evaluation/cost analysis (EECA) report has been prepared to evaIu&e 
cleanup measures for the New Brunswick site (NBS) in Middlesex County, New Jersey. This 
site was acquired by the United States (U.S.) Atomic Energy Commission (AEC) in 1948, and 
subsequently used for laboratory analysis of nuclear materials and various research and 
development activities. NBS has been designated by the U.S. Department of Energy (DOE) as 
a site for remedial action under the Formerly UtiIixed Sites Remedial Action Program 
(FUSRAP). FUSMP was established in 1974 by the AEC, a predecessor agency of DOE. 
FUSRAP was established to identify, evaluate, and, if v, clean up sites previously used 
by the AEC or its predecessor, the Manhattan Engineer District (MED), and similar sites 
designated for FUSRAP responsibility. 

Cleanup actions at NBS are being conducted under the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA), through the removal action process. 
Under DOE policy, the values of the National Environmental Policy Act (NEPA) are 
incorporated into the CERCLA process to ensure environmental protection controls and 
opportunities for public involvement in the decision-making process. 

This report summarizes DOE’s analysis of various cleanup options to address the site and 
presents DOE’s preferred action. The purpose of the proposed cleanup action is to address soil 
and debris at NBS containing residual radioactive materials above current guidelines. Although 
the radioactive materials at this site are believed to pose no significant near-term threats to the 
public or the environment, DOE has determined that a cleanup action would reduce the potential 
for release of radioactive constituents from this property into the surrounding environment and 
would reduce potential threats to human health and the environment. DOE conducted previous 
cleanup actions at the site between 1978 and 1983, and the proposed cleanup action would 
complete cleanup activities at NBS. 

The analysis presented in this EEKA demonstrates that the proposed action can be 
implemented in a manner that protects human health and the environment. No portion of the 
affected property is located within a IO&year floodplain, and no wetlands would be impacted 
by the proposed removal action. 

The proposed removal action has been reviewed by appropriate regu!atory agencies, local 
government officials, and interested members of the public. Opportunity to review and comment 
on the proposal has been provided during a 30day public comment period which began on 
January 29, 1996, and ended on February 28, 1996. Details of the site-specific community 
relations plan are provided in Section 7. 
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2. SITE CHARACTERIZATION 

2.1 SITE DESCRIFI-ION 

NBS is located in an urban, industrialized arta in Middlesex County, New Jersey, 
approximately 30 miles (mi) southwest of New York City, near downtown New Brunswick, New 
Jersey (Figure 2-I). It occupies a 5.6acre area which formerly contained several buildings 
(Figure 2-2). These buildings were removed prior to completion of previous cleanup actions in 
1983. The site now consists of a vacant, grass-covered lot with three of the original concrete 
building pads and a parking arta (Figure 2-3). The property is currently fenced to restrict public 
access. An aerial photograph of the site is presented in Figure 2-4. 

I 2.2 SITE HISTORY 
L 

Before 1948, NBS was operated by a manufacturing company under contract to the U.S. 
Navy to build pumps. In 1948, the AEC acquired the property, made modifications, and 
designated the facility as the New Brunswick Laboratory (NBL). NBL consisted of the main 
building, a plutonium laboratory complex, a hot cell, and nine buildings used for storage, 
maintenance and other support activities. In 1949, the main building was equipped as a 
chemistry laboratory for performing standard assays of nuclear materials used in AEC programs. 

f During its 29 years of operation, NBL provided a variety of services that used nuclear 
materials such as thorium and uranium ores, high-purity plutonium, americium, and enriched 

I ’ 

uranium (uranium-233 and uranium-235). Numerous pilot projects were conducted at the facility 
to develop methods for thorium extraction, green salt (uranium tetrafluoride) production, and 
recycling of boron products. 

I In 1960, approximately 670 cubic yards (ydp of soil mixed with Belgian-Congo 
pitchblende ore (containing radium and uranium) was transferred to the NBL facility from the 
Middlesex Municipal Landfill in Middlesex, New Jersey. These soils were the result of disposal 
from previous AEC activities and were removed to reduce potential radiation exposure levels 
to workers at the landfill. The landfill soil was mixed with clean soil, resulting in a total volume 
of approximately 4,100 yd’ that was used as fill material on the unused railroad spur on the 
southeast portion of the site. 

Plutonium operations at the laboratory stopped in 1972. Assay work and associated 
activities continued until 1977. The NBL facility was then declared surplus. Preliminary 
decontamination of the facility was initiated in 1978 by a private contractor, with the intent of 
releasing the buildings for unrestricted use. Dacontamination activities included removal of 
exposed plumbing, equipment, and portions of floors, walls, and ceilings. Radiation surveys 
following the completion of these preliminary activities detected radioactive constituents on the 
walls, floors, and building foundations; under floors; and in drainlines and sewers. 

Additional decontamination activities conducted during 1981 to 1983 included the removal 
of all above-ground structures and buildings, several building foundations, and affected 
drainlines and sewer lines (remediated/removed to city main). The removed materials were 

3 



Figure 2-l 
Location of New Brunswick Site 
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i,ackaged and transported offsite for disposal at the DOE-owned Nevada Test Site located in 
Mercury, Nevada. Clean materials, were taken to a local landfill or salvaged for reuse, and 
excavated areas were backfilled and graded with clean soi!. Approximately 372 yd’ of soil 
containing radioactive constituents which was excavated during removal of contaminated sewer 
lines was placed near the pitchblende ftll material at the inactive railroad spur. 

Work pet-formed since 1983 at NBS has included environmental surveillance, radiological 
surveys, and chemical and radiological sampling of the southeastern portion of the site, which 
contains the pitchblende soils. In 1990, responsibility for NBS was transfened to FUSRAP. 

The primary radioactive constituents in the soils at NBS have been identified as radium- 
226 and natural uranium. The volume of soils containing radioactive constituents is estimated 
at 4,500 yd’. Cleanup of these soils is addressed by the proposed actions considered in this 
EEICA. 

2.3 ENVIRONMENTAL SETTING 

Land Use and Populations 

Land use in the vicinity of NBS is predominantly commercial and residential with some 
forest and meadow land. The property is bordered by Jersey Avenue (Highway 91) to the north, 
active Amtrak rail lines and vacant property to the south, and commercial property to the east 
and west. There is no residential housing within a 0.25-mile radius of the site. Approximately 
41,266 people reside in the city of New Brunswick, and 692,859 people reside in Middlesex 
County (U.S. Bureau of the Census, 1995). The residential population within 1 mile of the site 
boundary is estimated at 30,000, and the total population within a 50-mile radius of NBS is 
approximately 15 million. 

Geology/Soils/Groundwater 

Bedrock underlying NBS consists of sedimentary rock identified as the Passaic 
Formation. Extensive agricultural and urban development has disturbed or destroyed much of 
the original deciduous forest terrain. Most of the current soil cover in the area may be classified 
as urban fill. 

Groundwater in the New Brunswick area occurs in both the bedrock and the 
unconsolidated soils. Groundwater depth is shallow, ranging from approximately 3 to 23 ft 
below ground surface, and fluctuates in response to short- and long-term seasonal precipitation 
patterns. There is no known use of this groundwater for drinking water or domestic uses in the 
area of NBS. 

8 
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ECOlOgy 

Urban development has destroyed the natural forest habitat in the area. The landscaped 
commercial and residential properties contain plants common to landscaped yards, such as 
grasses, shrubs and trees. Natural landscapes are dominated by grasses and wildflowers, with 
scattered shrubs and trees. No threatened or endangered species have been identified at NBS. 
Local habitat limits animal life to commonly occurring wildlife adapted to suburban and urban 
environments. No wetlands are present on NRS property, and none would be impacted by the 
proposed removal action. 

Climate and Meteorology 

The regional climate is humid, with a normal annual precipitation of about 42 inches and 
about 120 days of precipitation per year. The area receives approximately 30 inches of snow 
per year. The annual daily maximum temperature for the area is 62.5 degrees Fahrenheit (OF), 
and the average daily minimum is 45.2 “F. Winds are predominantly from the west at an 
average speed of 8.7 to 11.4 miles per hour (mph). 

Archeological and Historical Sires 

No buildings are located on the site and no buildings currently listed, or eligible for 
listing, in the National Register of Historic Places would be impacted by the proposed removal 
action. Consultation with the New Jersey Historic Preservation Office has been conducted to 
confirm that no archeological, cultural, or historic resources would be seriously affected by the 
proposed removal action. 

2.4 SURVEY AND SAMPLING DATA 

Sampling has been conducted at NBS to verify the previous cleanup activities and to 
determine the extent of remaining chemical and radiological constituents at the site. Results of 
the verification surveys and sampling conducted following completion of the previous cleanup 
activities in 1983 identified only a few localized areas of the site with radionuc!ide 
concentrations above background levels; however, only one sample outside the area of the filled 
railroad spur was identified to exceed the cleanup criteria (7.8 pCi/g for radium-226 vs the 5 
pCi/g cleanup criteria) (ANL 1982, 1984). These locations are depicted in Figure 2-3. 

Additional sampling was conducted in 1989 to determine whether offsite areas adjacent 
to NBS contained elevated levels of radioactive materials. Results of thorough walkover surveys 
and analysis of soil samples found no indication of radioactive constituents above background 
levels in offsite soils (ANL 1989, BNI 1995a). These results are summarized in Table 2-l. 

Results of radiological surveys of onsite soils at NBS and measurements of gamma 
radiation levels in boreholes confirmed the presence of radioactive constituents as deep as 12 ft 
in the filled railroad spur area on the eastern portion of the site. In addition, two other small 
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areas have slightly elevated levels of residual radioactive materials remaining from the previous 
cleanup activities as indicated in Figure 2-3: a small area just northeast of the concrete pad and 
an area between the concrete pad and the southwest fenceline. 

Chemical analyses were also performed on the onsite soil samples to determine whether 
they contained hazardous waste regulated under the Resource Conservation and Recovery Act 
(RCRA). Although very low concentrations of organic chemical and metal constituents were 
detected in some samples, none of the soils were found to meet the definition of hazardous waste 
under RCRA. New Jersey Department of Environmental Protection proposed soil cleanup 
guidelines were exceeded for mercury, copper, lead, and zinc only in the pitchblende soil area 
at the railroad spur. 

In addition to soil sampling, groundwater sampling at NBS has been conducted since 
1983 using a system of 13 wells installed at various locations throughout the site. The results 
indicate that the groundwater at NBS contains only naturally occurring levels of radioactive 
constituents. The only groundwater samples that contained elevated concentrations of radioactive 
constituents came from one well intentionally located in the pitchblende soil area at the railroad 
spur; since 1991, samples from this well were found to contain lead and arsenic (detected only 
once) as well as slightly elevated concentrations (above naturally occurring background 
concentrations) of total uranium, radium-226, and thorium-230. Groundwater monitoring results 
for 1994 exceeded New Jersey groundwater quality standards (for Class IIA aquifers) for total 
iron (one sample) and chromium (one sample); no results exceeded applicable standards for 
radionulcides or federal drinking water standards (BNI 1995b). 

Onsite measurement of external gamma radiation rates, radon (radon-222), and thoron 
(radon-220) concentrations has been conducted since 1990. External gamma radiation levels 
measured at the site during 1994 ranged from 17.4 to 80.0 mrem/yr above background (BNI 
1995b). Because access to the site is restricted, the maximum dose that a member of the public 
could receive would occur beyond the fenceline; the dose from direct gamma exposure at NBS 
to a hypothetical maximally exposed worker located approximately 16 ft southwest of the 
fenceIine is estimated at approximately 0.63 mrem/yr above background, well below any 
applicable guideline. Measurements of radon and thoron concentrations in ambient air during 
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1994 were wnsistently at or below detection level [O. 1 io 0.2 picocuries per liter @G/L)] and 
well below the DOE guideline of 3 pCi/L. 

Additional onsite surveys and sampling were performed in 1992 to collect information 
for planning cleanup activities. As in the previous surveys, elevated levels of radioactive 
materials were found only at the filled railroad spur area and the small areas adjacent to the 
concrete pad and southwest fenceline. These data are presented in Appendix A. 

In summary, all survey and sampling data that have been obtained indicate that residual 
radioactive materials above DOE guidelines at the site are primarily limited to the 4,500 yd3 of 
soils located in the area of the inactive railroad spur on the eastern portion of the property and 
the two small areas near the concrete pad. Radioactive material concentrations in soil at other 
locations are similar to naturally occurring background levels and well below DOE guidelines. 
Similarly, radionuclide concentrations in groundwater are below applicable standards and 
guidelines, and concentrations are elevated above background levels only within the area of the 
filled railroad spur. 

The pitchblende soil fill at the railroad spur may extend up to 12 ft in depth. The 
primary radionuclides of cOncem are radium-226, and to a lesser extent, natural uranium and 
thorium. Results of chemical analyses indicate that the soil would not be classified as hazardous 
waste under the Environmental Protection Agency regulations. 

Cleanup Guidelines 

Current radiation protection regulations are designed to protect the public and workers 
by limiting the amount of radiation exposure that a person may receive. The recommended limit 
on the amount of exposure that an individual may rtiive each year is set by international and 
national radiation protection authorities. In the United States, the Environmental Protection 
Agency (EPA), the Nuclear Regulatory Commission (NRC), and DOE have developed limits 
for radiation exposure, based on the recommendations of international and national radiation 
protection groups, primarily the International Commission on Radiological Protection (ICRP) 
and the National Council on Radiation Protection and Measurements (NCRP). The current dose 
limit recommended by these organizations for exposure of the general public is 100 millirem pr 
year (mrem/yr) above background, excluding medically related exposures, exposures from 
radioactive consumer products, and inhalation of radon decay products. 

DOE has established generic guidelines for allowable concentrations of radium and 
thorium in soil (DOE 1990). These limits specify that allowable concentrations of radium-226 
(or thorium-230) and radium-228 (or thorium-232) in soil shall not exceed 5 pCi/g above 
background in the first 15-cm depth of the surface layer of soil, and 15 pCi/g above background 
averaged over any subsequent H-cm subsurface layer or soil; in each case, these limits apply 
to the radionuclide concentration in soil averaged over any 100-m’ area. 
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Guidelines for radionuclides other than radium and thorium must be derived on a site- 
specific basis, such that the dose to the public will not exceed DOE’s primary dose limit of 100 
mrem/yr under current conditions or plausjble future conditions at the site. Furthermore, the 
potential dose to the public must be as loti as‘ reasonably achievable (ALARA), taking into 
account technical, social, economic, practical, and public policy considerations. A site-speciic 
guideline for wtal uranium of 100 pCi/g has been derived on this basis for NBS (ANL 1995, 
DOE 1995). Additional radionuclides that have been managed at NBS and addressed in previous 
cleanup actions at the site include plutonium-239, americium-241, and cesium-137; however, 
verification data collected following the previous cleanup actions and subsequent sampling data 
have indicated that residual concentrations of these radionuclides are well below levels of 
potential cOncem. 

Supplemental limits and exceptions may be applied where site-specific conditions indicate 
that the primary guidelines are not appropriate. For example, supplemental criteria could be 
proposed for areas of residual radioactive materials which occur in locations where the plausible 
exposure pathways are limited and the potential dose to the public is very low, or where future 
land use is restricted to exclude certain exposure pathways. Supplemental limits must provide 
adequate protection of human health and the environment under current conditions and plausible 
future conditions at the property. Where they can be demonstrated to be protective, the 
supplemental limits may be evaluated based on factors such as: the cost of removal of the 
residual radioactive materials to the primary criteria; potential risks to remedial action personnel 
or the public that may result from the removal of the residual radioactive materials to the 
primary criteria; and potential harm to the environment that may result from the removal of the 
residual radioactive materials to the primary criteria. At NBS, supplemental limits could be 
considered, for example, for certain alternatives in combination with restrictions on future land 
use (e.g., to permit only commercial/industrial development). 

2.5 SITE CONDITIONS THAT JWSTIFY A CLEANUP ACTION 

The results of sampling at NBS indicate that the primary contaminants of concern include 
radium-226, thorium-232, and uranium-238 with their respective decay products. The 
radioactive constituents at NBS pose no immediate thn% to human health or the environment. 
Potential radiological hazards from these soils are discussed in Section 5.1. I of this report. 

The proposed removal action meets the requirements of CERCLA in providing an 
efficient long-term remedy to prevent the release or threatened release af radioactive materials 
at the site into the surrounding environment. While the radioactive constituents present on this 
site do not represent a near-ttrm health threat, removal of these makrials from their current 
location for permanent disposal would reduce the potential for future exposures to these 
materials. 
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3. CLEANUP GOALS 

Residual radioactive materials are present at NBS above DOE guidelines. The obje tive 
of this EEKA is to present cleanup options that reduce the potential for human and 
environmental exposure to radioactive substances at NBS. 

I 3.1 AUTFIORITY FOR CLEANUP ACTION 

DOE’s authority for conducting cleanup actions at this site is provided under Section 104 
of CERCLA. DOE is authorized to undertake investigations, surveys, and testing, to identify 
the nature of the radioactive constituents present at the site, and to conduct cleanup actions to 
limit potential risks to workers, the public, and the environment. 

3.2 SCOPE AND PURPOSE 

The proposed cleanup options at NBS include the reduction of potential exposure to 
radioactive constituents by means such as capping the site with a clean soil layer or by removal, 
transportation, and permanent disposal of radioactive materials. The specific objectives of this 
cleanup are to: 

0 reduce potential risks to the public from residual radioactive materials at NBS; 

a minimize potential risks to workers conducting remedial action at the site; and 

0 reduce the potential for migration of radioactive constituents from NBS. 

The primary purpose of the proposed cleanup options is to protect the public health and 
environment by limiting the potential for onsite exposure and offsite movement of radioactive 
materials. All activities would be conducted in a safe and responsible manner to protect both 
workers and the public. 

3.3 SCHEDULE 

The proposed cleanup at NBS is scheduled to begin in the spring of 1996, and is expected 
to require approximately three to four months to complete. However, such factors as 
unanticipated difficulties in funding, waste transportation, or the availability of waste disposal 
capacity could delay the schedule, 
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The pruposcd ckanup will be carried out according to environmental laws and 
requirements that are determined to be applicable or relevani and appropriate requirements 
(AIMRs). These requirements include federal laws as well as state standards. Guidelines, su: h 
as DOE directives, that are not laws but may be significant for a proposed action, are also taken 
into account. These guidelines are called ‘to be considered” (TBC) guidelines and may play a 
role in the election of a preferred option. A compilation of potahal ARARs and TBCs for the 
proposed cleanup action is presented in Appendix B. The identification of requirements is based 
on the type of the constituents of concern (primarily soil contaminated with radium-226 and 
natural uranium and thorium), the nature of the proposed actions, and the location of the site. 

In accordance with CERCLA, DOE will comply with ‘pertinent federal and state 
environmental requirements to ensure the protection of human health and the environment 
before, during, and after site cleanup. Appropriate standards from the Occupational Safety and 
Health Act (OSHA) and other employee protection laws and guidelines also will be followed to 
protect workers during implementation of the proposed action. 
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4. TECHNOLOG~‘AND CLEANI&WOKS 
: 

this section summarizes the options for conducting the proposed ~kanup action. 
Technologies that could be used to achieve the cleanup goals were considered. Because of the 
nature of the radiological constituents at NBS, the technologies that can be applied are limi*ed. 
Technologies identified in pertinent regulations, along with experience gained from previous 
removal actions at NBS and similar sites were considered in the development of cleanup options 
for the site. 

4.1 TECHNOLOGY IDENTlFICATlON AND SCREENING 

Technologies appropriate for tic proposed cleanup action have been identified and 
evaluated on the basis of site-specific conditions at NBS. Technologies that have been identified 
for radiological constituents include institutional controls to limit access or use of the property, 
containment to limit movement of constituents, removal, treatment, storage, and disposal. 
Technologies which do not apply to the site-specific conditions at NBS were removed from 
consideration. The remaining technologies were evaluated with regard to effectiveness (how 
well the technology works), implementability (how easily the technology can be used), and cost. 
The identification and evaluation of these technologies is discussed below and is summarized in 
Table 4- 1. 

Institutional Controls 

Institutional controls are measures that prevent or minimize public exposure by limiting 
access or use of specified areas. These meaSures may include physical btiers (such as fences), 
use or deed restrictions, and environmental surveillance. Such controls reduce the potential for 
exposures to radiological m&i&. However, the amount of material present, the potential 
movement of radiological material into the surrounding environment, and the toxicity of the 
radioactive materials remain unchanged. Institutional controls can only be used alone if active 
measures are not possible. Costs associated with institutional controls are generally low, 
although costs may continue indefinitely. 

Fencing is currently in place at NBS and is considered effective in limiting access. 
Environmental surveillance is also in place. NBS is owned by DOE, and these institutional 
controls to limit potential public exposures will be continued until release of the property. 
Institutional controls, therefore, are considered a part of the no action option. Long-term 
institutional control mwwes may also be part of some cleanup options. 

Containment 

The purpose of containment is to reduce the potential for migration of contaminants into 
the surrounding environment. Containment techologies that were evaluated for NBS are 
designed to keep radioactive materials at their current locations. Costs associated with 
containment technologies are considered moderate. 
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Table 4-1. Summary of Technology Evaluation 

Use or deed restrictions 

Acceu re8trictioo8 
(e.g., fencing) 

Limits on-site exposure to radioactive constituents, but not ef&tive in controlling the source 
or movement; may be effective when us4 in conjunction with other tecboologicr. 

Limits on-site exposure to radioactive constituents, but not effective in cootrolling tbc source 
or migration of con6tituents; may be effective when used in conjunction with other 

Provides data for evaluating control measures; may be effective wbeo used wirb o&r 
technologies. An extensive environmental monitoring program is in p&co at NBS. 
Comprehensive environmental and personnel monitoring rmuld be used throughout my 

Can effectively contain radioactive constituents in their curreot locatiort to reduce potentiaJ 
exposures; toxicity and volume of radioactive materials would w be reduced, but pot&a! 
for migratioo into the environment would be reduced. Institutional controls would be required 
to ensure long-term stability of the cap. 

Excavation Easy to implement. using conventional earth-moving equipment. No r~&tions on future use 
of cleaned area would be required. Requires storage or disposal facility for excavated 
materials and access restrictions during excavation. 

Decontamination/ 
Demolition 

No structures remain at the New Brunswick Site. 



Table 4-1. (continued) 

ChemicaWbysicaJ 
Treatment 

Development of treatment technology for this site is not considered due to tbe relenvely small 
volume of soils with radioactive constituents remaining at tire site. Also, site-specific 
treatability studies could delay the proposed removal action. 

Existing facility 

New facility 

Can effectively protect human health and the environment in the abort term while a permanent 
remedy is developed. No onsite storage facility is available at NBS and 00 offiitc facility is 
currently prepared to rcept the site wastes. A permanent disposal option for the waue 
materials would still be required. 

r&e ad time-consuming. 

Onsite No onsite disposal facility is currcntJ,y available at NBS; development of a new facility would 
not be possible within the timeframe of the cleanup action, and would not be cod4fective for 
the small waste volume. 

Dffsite Commercial disposal facilities are currently licensed to accept radioactive waste such as that 
from NBS. DOE has contracts in place to dispose of FUSRAP wastes at commercial 
facilities. Off-site disposal at a DOE disposal facility is plso possible, but no agreements are 
in place to accept the materials from NBS. Siting of new dispoaaJ facilities is not considered 



Containment technologies, particularly capping, are a possib!e option for NBS due to the 
small localized area of radioactive materials. Continued DOE ownership of the property may 
be rtv to ensure long-term stability of the containment system at the sik. Capping is 
retained for further consideration as a possible cleanup t&mique at NBS. 

Removal (ZWawion) 

Removal of materials from a site can effectively reduce both movement and potential 
exposure to radioactivity. Soil containing radioactive constituents could be excavated from NBS 
using conventional equipment, such as backhoes, bulldozers, scrapers, and frontend loaders. 
Manual excavation techniques, such as hand shovels, could be required in some areas. 
Excavation is reliable and can be easily and econ~micaUy conducted with standard construction 
procedures and equipment. These techniques have been used extensively to control radioactive 
constituents at sites similar to NBS. Excavation is retained for further consideration. 

Treaimeru 

Treatment technologies for radioactive constituents in soils either remove the radioactive 
constituents from the soil or change the characteristics of the soil mixture to reduce the volume, 
mobility or toxicity. Site-specific treatability studies would be required to select the most 
appropriate treatment process for NBS soils. However, the time required to conduct these tests 
could delay the schedule proposed for the site cleanup. In addition, because the volume of soil 
potentially available for treatment at NBS is relatively small, the cost to test, select, and 
implement a treatment technology would not be justified. Therefore, treatment of radioactive 
materials from NBS is eliminated from further consideration. 

Srorage 

Storage involves temporary placement of materials such that human health and the 
environment are protected until a final remedy is selected. Costs range from low, if a storage 
facility already exists, to moderately high, if construction of a new storage facility is required. 

There is no existing storage facility onsite at NBS, and no offsite storage facility is 
currently available to accept materials from NBS. Building a temporary storage facility at the 
site would be prohibitively expensive and time consuming. Therefore, temporary storage is 
eliminated from further consideration. 

Disposal 

Disposal involves the permanent placement of materials in a facility designed for 
long-term stability. Disposal can effectively reduce the potential for movement of radioactive 
constituents into the environment and the potential for human exposure. Disposal costs, 
including transportation to the disposal facility, are considered moderate to high. 
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Both DOE-owned and commercial facili tIesa 
I;’ 3 0 r: 

c trtntly dispose df radibactivc materials 
similar to NBS wastes. However, no DOE facility is currently prepared to accept NBS wastes, 
and obtaining necessary approvals could delay the proposed cleanup schedule. Building a new 
disposal facility for NBS soils would be a lengthy process and would not be appropriate for the 
small volume of soil. 

Licensed commercial disposal is currently available for the soils from NBS. DOE 
currently has a contract with the Envirocare disposal facility at Clive, Utah, for disposal of 
similar soils, and other licensed disposal facilities may also be considered for the cleanup action. 
Disposal is retained for further consideration as a component of cleanup options for NBS. 

4.2 IDENTIFICATION OF CLEANUP OPTIONS 

The evaluation of potentially applicable technologies in Section 4.1 resulted in 
identification of the following technologies as potential components of the proposed cleanup 
action: excavation, capping, institutional control, and disposal at a licensed commercial facility. 
These technologies have been grouped into the following cleanup options for NBS. 

Option I: No Action 

Under Option 1, no additional action would be taken at NBS. DOE would continue to 
maintain access restrictions and environmental surveillance at the site to ensure that exposures 
are limited and no radioactive constituents are released into the surrounding environment. The 
no-action option is evaluated as a point of comparison for the other cleanup options. 

Option 2: Containment and Institutional Control 

Option 2 would apply a permanent cap over the radioactive soil mixture in the unused 
rail spur area. Radioactive materials would be contained using a cap made of compacted clay 
and other natural materials. The cap would be designed to achieve long-ierm isolation of the 
radioactive constituents and would require only low maintenance. 

This option would include access restrictions and increased monitoring during 
construction as well as continuing institutional controls. Long-term institutional controls would 
include access restrictions (e.g., fencing), deed restrictions, and environmental surveillance. 

Option 3: Complete Excavation and @ire Disposal 

Option 3 would involve excavation of all soils containing radioactive materials above the 
cleanup criteria from NB!3 anti transportation of these materials to an offsite commercial disposal 
facility. Approximately 4,500 yd3 of radioactive soils would be excavated, primarily from the 
area of the inactive rail spur. Excavated soils would be examined using radiological survey 
equipment to more precisely segregate materials exceeding the site-specific cleanup criteria from 
soils below those levels. Excavated soils exceeding cleanup criteria would be transported offsite 
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10 an appropriately licensed commercial disposal facility, using either intermodal (truck or train 
compatible) containers or bulk transport in rail cars. Following excavation, the site would be 
restored with clean s&l, graded,.and planted with-grass. : 

Increased environmental surveillance would be implemented during cleanup activities. 
No long-term institutional controls would be required following the removal of the radioactive 
soil mixture, and DOE could release the property without radiological restrictions. 

Option 4: Panial Ercavahon and mite Disposal 

Under Option 4, all near-surface soils containing radioactive materials above the primary 
DOE guidelines would be excavated for transport to an offsite commercial disposal facility; 
subsurface soils to a depth of approximately 5 ft would be remediated to the primary criteria 
(i.e., 15 pCi/g for radium-226 and thorium-232, and the site-specific derived guideline of 100 
pCi/g for uranium), while deeper soils would apply a supplemental limit for radium-226 (50 
pCi/g assumed) and uranium (1,000 pCi/g total uranium assumed). The depth of excavation is 
derived as approximately 6 inches below the frost line in the site area. Approximately 1,600 
yd3 of radioactive soils would be excavated, primarily from the area of the inactive rail spur. 
Excavated soil would be transported offsite to a licensed commercial disposal facility, using 
either intern&al (truck or train compatible) containers or bulk transport in rail cars. Following 
excavation, the site would be restored with clean soil, graded, and planted with grass. 

Increased environmental surveillance would be conducted during cleanup activities. 
Long-term institutional controls would be required to restrict the future use of the NBS property 
for commercial/industrial development only, and to prevent intrusion into the residual subsurface 
soils during future construction activities; such restrictions would be noted in the property deed 
prior to release by DOE. 
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5. EVALUATION OF CLEANUP OPTIONS 

The primary purpose of this cleanup action is to reduce the possibility of future oZsite 
movement of radioactive constituents and to protect human health and the environment. The 
cleanup options identified in Section 4.2 are evaluated below for effectiveness (how well the 
cleanup can be done), implementability (ability to conduct the cleanup), and cost. 

5.1 EFFECTIVENESS 

The effectiveness of a cleanup option is defined by its ability to protect human health and 
the environment from risks associated with radioactive constituents. Measures of effectiveness 
include (1) reduced risks to the public and the environment; (2) compliance with environmental 
regulations; (3) timeliness; and (4) treatment to reduce radiological hazards or waste volume. 

5.1.1 Potential Health Impacts 

Potential radiation doses to the public and workers conducting the cleanup action have 
been estimated for each cleanup option, using a computer model known as RESR4D (Yu et al., 
1993). These estimates include numerous conservative (health protective) assumptions and 
assume no protective measures are taken to prevent or reduce radiation exposures. Even so, the 
estimated dose to workers and the public would be well below applicable radiation exposure 
guidelines. Estimates of the radiation dose to workers and the public for each cleanup option 
are summarized in Table 5-I. Additional information about the dose estimates for each option 
and their respective exposure assumptions are presented in Appendix C. 

Option I: No Action 

Under Option 1, no action would be taken to remove residual radioactive materials from 
NBS. No change in current exposures to radioactive materials at the site would occur. Based 
on current environmental surveillance data, the potential radiation dose to a hypothetical person 
located outside the property fenceline would be less than 1 mrem/yr (BNI 1995b), assuming the 
current access restrictions are maintained. However, in the event that these access restrictions 
are eliminated and the property could be developed for uncontrolled commercial use, 
significantly higher doses could occur to a hypothetical person located in the immediate vicinity 
of the inactive rail spur filled with the pitchblende soil mixture. Furthermore, without cleanup, 
the possibility for exposure to radioactive constituents would continue indefinitely. Since no 
cleanup action would be conducted under Option 1, there would be no radiation dose to site 
remediation workers. 
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Tabk 5-J. E&mated RndiatJon Dase to Wsrkers and the Public 
* . 

Raazma Due (mredyr) . 
1 

Rsecptor~C~upopcim DrriqlCM Aflee ckanup 

Removal Action Worker 
opzion 1 (No Action) NA NA 
opri- 2 OPPW 76 NA 
Option 3 (Compke Exuvation) 420 NA 
option 4 (Padal Exuvstion) 315 NA 

Member of the Public 
Option I (No Action) NA < l-912’ 
optim 2 GPPh9 c2 <I 
Option 3 (Complek Exuvtion) <8 Cl 
Option 4 (Putid Excavatioo) <6 Cl 

NA = Not Applicable - no signScan exposure for this receptor. 
’ Dose estimata do not reflect llwasultG to maintain exposures as low as 
reasonably achievable (ALARA); actual doses would be expected to be lower. 
’ Muimum mea6114 exposure outside tbe current fenceline is approximately 
D.6 mremlyr (BNI 199Sb); higher dosa codd occur in the future if cm-eat 
institutional control of the site (e.g., access restrictions) is discontinued and site 
is developed for uncontrolled commercial use. 

Option 2: Capping and lnwihuio~l Comol 

Under Option 2, a clay cap would be placed over the pitchblende soil mixture at the 
inactive rail spur. Potential risks to human health and the environment at NBS would be 
reduced because the radioactive constituents would be isolated under a cover designed for long- 
term stability. Human exposure to radiological constituents would not occur as long as the cap 
were properly maintained. 

Potential radiation exposures to workers would increase in the short term during the 
actual cleanup for Option 2, since workers would be in direct contact with the radioactive 
materials. The primary exposure pathways would include inhalation of radioactive constituents 
in dust and direct gamma exposure. However, all cleanup activities would be conducted 
according to the site-specific health and safety plan to ensure the protection of workers and the 
public. The potential radiation doses would be kept as low as reasonably achievable (ALARA) 
by following all pertinent environmental, &ety, and health protection guidelines for dealing with 
radioactive materials. 

During the construction of the cap, a resident or employee at a nearby property could 
potentially receive a radiation dose above normal background exposure. For an offsite 
individual, the primary exposure pathway would be inhalation of radioactive dust that might be 
released during construction activities; the estimated inhalation dose for the onsite remediation 



worker (2 mrem/yr) is used as a bounding value for the offsite public. Following completion 
of the cap, the potential dose to the public would be indistinguishable from background. 

Option 3: Complete Exavation and Ofsite Disposal 

Under Option 3, approximately 4,500 yd’ of soil and debris would’ TV excavated and 
transported off-site for disposal. Potential risks to human health and the environment would be 
reduced t>tcause the radioactive materials would be removed and transported offsite to a facility 
designed for permanent disposal. The potential for human exposure to residual radioactive 
materials above background levels would be virtually eliminated following cleanup of site, and 
the property would be suitable for release without restrictions. 

Option 3 would result in the largest short-term potential radiation exposures to workers 
during the cleanup action, since this Option requires handling the greatest volume of radioactive 
materials among the Options considered. The primary exposure pathways would remain the 
same as for Option 2 (external exposure and dust inhalation). Again, these potential radiation 
exposures could be minimized by following appropriate precautions, and all exposures would 
be kept as low as reasonably achievable. 

During the excavation of radioactive materials, there would be a potential for release of 
dust containing radioactive constituents, as well as stormwater contact with excavated materials. 
The maximum potential dose to the offsite public, however, would be within applicable 
guidelines, even under the very conservative (likely to overestimate actual exposure) assumptions 
used for this analysis (i.e., the estimated inhalation dose for the onsite remediation worker, 8 
mrem/yr, is used as a bounding value for the public). Furthermore, appropriate measures would 
be used to minimize the generation and release of dust and to prevent releases to surface water 
or groundwater during excavation and construction activities. Following removal of all 
radioactive materials above guidelines, the potential dose to the public would be indistinguishable 
from background. 

Option 4: Padal Excavation and OjJ5ite Diswal 

Under Option 4, approximately 1,600 yd3 of soil and debris would be excavated and 
transported off-site for disposal. Potential risks to human health and the environment at the site 
would be reduced because the highest concentrations of radioactive materials would be removed 
and transported offsite to a facility designed for permanent disposal. The potential for human 
exposure to residual radioactive materials above background levels would be greatly reduced 
following chnup of site, since all residual radioactive materials above guidelines would occur 
at depths of 5 feet or greater. 

Option 4 also would result in a short-term increase in the potential radiation dose to 
workers conducting the cleanup action; estimated doses to workers would be lower than for 
Option 3, due to the smaller volume of radioactive materials to be handled. Appropriate 
precautions would be taken to maintain all exposures as low as reasonably achievable. 

23 

_.. ._ “.“_ 



As identified under Options 2 and 3, there would bk a potential for release of dust 
containing radioactive constituents during excavation and construction activities, as well as 
stormwater contact with excavated materials. However, me maximum potential dose to the 
offsite public, would be within applicable guidelines, even under the very conservaCTPe 
assumptions. Again, appropriate engineering controls would be used to minimize the generation 
and release of dust and to prevent releases to surface water or groundwater during the cleanup 
activities. Following the excavation of radioactive materials and backfill with clean soil, ihe 
potential dose to the public would be indistinguishable from background. 

The dose estimates presented above for each of the cleanup options are based on very 
conservative (likely to overestimate actual txp-~sure) assumptions and assume that no protective 
measures are taken to prevent or minimize exposures. They do not take into account measures 
such as dust suppression, protective clothing, and breathing protection which would be used 
during the cleanup. The potential radiation doses to workers per-forming the cleanup action 
would be kept as low as reasonably achievable by using appropriate protective measures and by 
following all applicable environmental, safety, and health protection guidelines and standards. 
Measures would be taken to minimize the amount of airborne radiation and any potential 
exposures to workers or the public. A comprehensive monitoring program would be conducted 
to ensure the safety of site workers and the public. Therefore, actual exposures and doses would 
be expected to be lower than the estimates presented in Table 5- 1. 

5.1.2 Potential Environmental Impacts 

Soil and Warer Resources 

Under Option 1, no direct impacts to soils would occur. Options 2, 3 and 4 also would 
be expected to have no long-term impacts on nearby soil or water resources. However, a 
portion of the site would be permanently dedicated to the onsite containment system under 
Option 2. Minor impacts could occur during the excavation of pitchblende soils from the site, 
as disturbed areas would be more likely to experience wind and water erosion. Erosion would 
be minimized by decreasing the area disturbed at any time during excavation and construction 
operations, and by using good engineering practices, such as sediment barriers and surface water 
runoff controls. 

Option 1 would result in no impacts on air quality. Environmental surveillance activities 
at the site indicate no significant adverse air impacts from normal site conditions (BNI 1995b). 
Radioactive dust particles from construction or excavation activities could potentially impact 
local air quality during the short term. These impacts, however, would be immeasurably small 
and would be eliminated a!kr the cleanup was completed. Good engineering practices such as 
wetting and/or covering exposed soils would be used to minimize airborne dust generation during 
cleanup activities. Monitoring of airborne particles and radon would be conducted throughout 
the cleanup to ensure protection of workers and the public. 
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1 Ecological Resourrcs 

NBS does not provide substantial wildlife habitat &ausc of its urban nature and small 
size. Few animal vies inhabit the property and there are no threatened or endangered species 
that would be affected by the cleanup. Vegetation at NES would be disturbed during the 
excavation and construction activities under Options 2, 3, or 4; however, the existing plant 
species are not unique and disturbed areas could be easily reseeded. Therefore, none of the 
cleanup options would have significant impacts on ecological resources. There are no wetlands 
or floodplains at or near the site that could be impacted by the proposed cleanup activities. 

Cultural Resowws 

No archaeological sites or historic structures listed, or eligible for listing, in the National 
Register of Historic Places would be affected by the cleanup action proposed at NBS. 

5.1.3 Regulations and Requirements 

Under Options 1,2, and 4, radioactive constituents above guideline limits would remain 
in soils at NBS. Under Option 1, radiation doses could exceed current guidelines under future 
conditions. Under Option 2, the clay cap would prevent current exposures to radioactive 
materials and reduce potential movement of these materials into the surrounding environment. 
Under Option 4, soils exceeding the guidelines would remain only at depths greater than 
approximately 5 ft, and would be covered by clean soil fill. Options 2, 3 and 4 would maintain 
radiation doses within acceptable limits under current and plausible future conditions. The three 
action alternatives would protect human health and the environment during and following the 
cleanup action, and would comply with applicable environmental regulations and requirements. 
Appropriate worker protection laws and guidelines would be followed under all options. 

5.1.4 Timeliness 

Options 3 and 4 are considered most timely, because the cleanup could be quickly started 
and could be completed in approximately three to four months. Continuing site maintenance, 
institutional controls, and monitoring would be required for both Options 1 and 2, so time 
requirements would go on indefinitely. 

5.1.5 Treatment to Reduce Radiological Hazards or Volume 

The CERCLA regulations prefer cleanup actions that use treatment technologies that 
reduce the toxicity, mobility, or volume of the hazardous substances present. Because of the 
small volume of soil and the nature of radioactive materials at NBS, treatment of this soil is not 
considered practical or cost-effective. None of the cleanup options considered here include 
treatment. 

25 



The implementability of an option ii t.hiSe- with which the cleanup operations can be 
conducted. As defined under the CERCLA wulations, implcmentability criteria include 
technical feasibilit), ~uailability of services and materials, and administrative feasibility. 
The demonstrated performance of tech&a.l componarts is evaluated, as well as site-specific 
conditions. Availability of materials and ticu required to implement each alternative is also 
evaluated. Administrative feasibility inclW the support of a cleanup option by other agencies, 
and how that option meets budget and schedule requirements. 

5.2.1 Technkal Feasibility 

Technical feasibility refers to the ease with which an option can be constructed, operated, 
maintained, replaced, and monitored. Technical feasibility does not apply to Option 1, since no 
action would be taken. Activities under Options 2, 3 and 4 are technically feasible and have 
been used at many other sites. Construction of a cap over radioactive materials at NBS is 
technically feasible using readily available construction equipment; similar caps have been 
successfully constructed at numerous other sites to provide long-term isolation of radioactive 
constituents. Excavation of the pitchblende soils from NBS is also technically feasible using 
readily available equipment, and has been demonstrated at NBS and other sites. 

Commercial disposal of the materials excavated from NBS is also technically feasible. 
Commercial disposal for these radioactive materials is currently available. DOE has previously 
disposed of similar wastes from other FUSRAP sites at the Envirocare facility in Clive, Utah, 
and other licensed facilities also exist that may be considered. All commercial radioactive waste 
disposal facilities are required to maintain comprehensive environmental surveillance and 
occupational health and safety programs as a license condition. 

5.2.2 Availability of Services and Materials 

Availability of services and materials does IN,\ apply to Option 1, no action. The services 
and materials required to implement Options 2, 3 and 4 are readily available and can be easily 
and quickly obtained. 

5.2.3 Administrative Feasibility 

Administrative feasibility addresses the acceptability of an alternative by other agencies, 
and how well it satisfies specific project requirements, such as budget, schedule, and consistency 
with any other actions planned for a site. Specific considerations include satisfying state and 
local concerns, such as permitting and interagency -ration, public and worker safety, 
transportation factors, impacts on land use and land values, compliance with policies and 
requirements, and public acceptance. 
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Since state and local authorities and citizens have indicated a preference for removal and 

offsite disposal of radioactive materials from NBS, the excavation options (Options 3 and 4) are 
expected to have the most favorable administrative feasibility. Cqping under Option 2 may be 
less favorably regarded by the community. Option 1 would not address site hazards or 
community mncems and would be least favorable. 

Option 4 would be most favorable in terms of budget and schedule considerations, 
followed by Option 3. Short-term impacts on the community during the cleanup action, due to 
noise and traffic, could be easily controlled. Only Option 3 would allow for release and 
productive reuse of the site without radiological restrictions; under Options 2 and 4, land use 
restrictions and other continuing institutional controls would be required to ensure protectiveness. 

AI1 activities conducted under Options 2, 3 or 4 would be coordinated with appropriate 
state and local authorities. Active communications would be maintained with the public, local 
media, and state and local officials throughout the cleanup action. 

5.3 COST 

The costs of cleanup options are compared to determine if the cost of one option is much 
greater than that of another option that is equally effective. Funds from DOE, not from EPA’s 
Superfund, would be used to pay for the proposed cleanup action. Cost estimates for each of 
the cleanup options are summarized below, and additional details are provided in Appendix D. 

For Option 1 (No Action), there would be no direct.costs. However, the costs for site 
maintenance, institutional controls, and environmental surveillance would continue indefinitely. 
These costs are estimated at approximately $2OO,OtM annuaIly, for a 30-year cost of $8,936,0OO. 

Under Option 2, the costs directly associated with construction of a cap are estimated at 
approximately $250,000. In addition, costs for continuing site maintenance, institutional 
controls, and environmental surveillance would continue indefinitely, at a rate of approximately 
$200,000 per year. The total 30-year cost for Option 2 is estimated at approximately 
$9,295,000. 

Under Option 3, the total cost of complete excavation and offsite, disposal of all 
radioactive materials above guidelines is estimated at approximately $4,790,000. This estimate 
includes all direct and indirect costs, including subcontracts, engineering, environmental health 
and safety support, procurement, overhead, and contingencies. Costs for excavation, 
transportation, and disposal of the radioactive materials from NBS are the primary cost elements 
for Option 3. 

Option 4, partial excavation and offsite disposal, has an estimated total cost of 
approximately $2,150,000. As for Option 3, costs for excavation, transportation, and disposal 
of the radioactive materials are the primary cost elements. 
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5.4 COMPARISON OF CLEANUP OPTiONS ’ 1, ; ( 5 _‘. 

As discussed in the preceding sections, cleanup options for maaging radioactive 
materials at NBS were compared to each other on the basis of effectiveness, implementability, 
and cost. This comparison is summarized in Table 5-2. 

Option 1 (No Action) would provide for no cleanup action to IX taken. This option is 
technically implementable, but it would be the least effective and would provide no improved 
control of radioactive materials. Costs for site maintenance, institutional controls, and 
environmental surveillance would continue indefinitely. Option 1 would not be considered 
adequately protective, and would be unlikely to receive the support of the community and 
regulatory author-i ties. 

Option 2 would provide for isolation of the radioactive materials in their current location 
by construction of a permanent cap. The capping system would provide control of radioactive 
materials to minimize current exposures and reduce the potential for future migration of 
contaminants into the environment. This option would use current construction technologies and 
readily available equipment. Capping has the highest total cost of all cleanup options evaluated, 
due to the continuing institutional control costs (e.g., cap maintenance, environmental 
surveillance). 

Option 3 includes complete excavation of all radioactive materials above guidelines from 
the site, and permanent disposal at a licensed commercial disposal facility. This option would 
provide the most effective long-term control of radioactive constituents at the site, since these 
materials would be removed from the site for permanent disposal. Currently available 
construction methods for excavation and readily available equipment would be used. 
Commercial disposal of the waste is technically feasible and currently available. This option 
would have the highest near-term costs, but the second lowest total life-cycle cost, since 
continuing site maintenance, institutional control, and monitotig would not be required. 
Following completion of the cleanup action, the site could be released without restriction. 

Option 4 would also include excavation of radioactive materials above guidelines from 
the site and permanent disposal at a licensed commercial disposal facility; however, 
supplemental guidelines would be used for deeper subsurface soils to allow higher residual 
radionuclide concentrations in soils below approximately 5 feet. This option would be effective 
since all near-surface radioactive materials would be removed from the site for permanent 
disposal, residual radioactive materials in subsurface soils would be covered by several feet of 
clean fill, thus reducing potential exposures, and appropriate restrictions would be placed on 
future land use. Option 4 would use technically feasible methods and readily available materials 
and services. Commercial disposal of the excavated materials is technically feasible and 
currently available. This option has the lowest total costs. However, future use of the site 
would be restricted to commercial/industrial development, and future construction activities at 
the site would be restricted to prevent intrusion of building foundations into the residual 
radioactive materials or to incorporate radon mitigation features in building design. 
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Table 5-2. Comparison of Cleanup Options 
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6. PREFERRED CLEANi ACTION 

Based on the evaluation of cleanup options, DOE has selected Option 3 as the preferred 
cleanup option. Under the preferred option, all residual radioactive materials above site-specific 
cleanup criteria at NBS will be excavated and transported to an offsite commercial disposal 
facility; all excavated areas will be backfilltd with clean soil. The preferred cleanup option will 
present no unacceptable risk, and can be implemented in a timely, straightforward, and cost- 
effective mannet. Following clean up, the property can be released for unrestricted use by the 
community. 

Conventional excavation equipment (e.g., backhoe, frontend loader, hand tools) will be 
used to remove the soil and debris from NBS. The boundaries of excavation will be established 
based on existing radiological data, supplemented by additional radiological survey activities 
conducted prior to and during excavation. Since conventional excavation equipment is not able 
to precisely identify the boundary between soils exceeding the site-specific cleanup criteria and 
soils below those criteria, some degree of over-excavation is likely. Radiological survey 
equipment may be utilized to further segregate excavated materials above and below cleanup 
criteria. This will help to minimize waste volume and avoid unnecessary disposal costs. 

Soils will be packaged and shipped a-zording to the criteria of the disposal facility, as 
well as U.S. Department of Transportation (DOT) and state transportation requirements. 
Excavated materials exceeding cleanup criteria will be loaded into railcars for transport to the 
licensed commercial disposal facility. If possible, the railcar loading and staging operations will 
occur at the rail spur located immediately adjacent to the site; if use of the adjacent rail spur 
proves impractical, excavated materials will be transpotted from NBS to an offsite rail spur by 
truck, where they will be loaded onto railcars for transport to the disposal facility. Soils may 
be transported in bulk form in gondola rail “oars or using intermodal (truck and train compatible) 
containers on flatcars. 

Throughout the excavation and transportation activities, appropriate precautions will be 
used to prevent the spread of radioactive materials. The exteriors of all vehicles will be 
surveyed for radioactivity before leaving NBS property, and any vehicles exceeding applicc;ble 
guidelines will be decontaminated before being released from the site. Transportation routes 
will be established, and an emergency response plan will be developed and coordinated with 
appropriate local fire and police departments. The excavated materials are not considered to be 
radioactive under transportation regulations because the radionuclide concentrations in the soil 
are well below DOT criteria. 

Appropriate precautions will be taken to rah~ce potential adverse impacts on the 
environment and minimize health risks throughout the cleanup action (see Table 6-l). Silt fences 
or hay bales will be used to control soil erosion and runoff during excavation. Excavated 
materials will be segregated until loaded into transport containers. Water spray or other 
measures will be used to control dust during excavation and transportation of soil. Surface water 
controls, such as berms, dikes, or ditches, will be constructed to prevent stormwater from 
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entering excavation areas. Work areas will be restricted to exclude unauthorized .znd 
unprotected personnel. Environmental surveillance will be conducted throughout the cleanup 
action to ensure that all requirements are met. 

As excavation proceeds, the levels of radioactivity in the excavation area will be 
monitored. Excavation will continue until all soils exceeding the site-specific cleanup criteria 
have been removed. Soil samples will be colIected following excavation to confirm that the 
radioactivity is at acceptably low levels. 

All soil samples will be analyzed for radium-226, uranium-238 and thorium-232 (the 
primary radioactive constituents). Selected samples will also be analyzed for a broader spectrum 
of radiological constituents to verify that no additional radionuclides are present at levels of 

_. 
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(4) 

(5) 

05) 

(7) 
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:-mnem. Samples also will be collected from the excavati soils for tiysis to verify the soils 
meet the divsal facility’s waste acccptanct criteria. 

After the excavated areas have been verified to mett the SitCSpediC ChJIUp criteria, 
these areas will be backfilled with clean soil. Following backfill, all disturbed areas will be 
covered with topsoil, regraded, and seeded with grass. Excavated areas generally will be 
regraded to original contours, except where some leveling of the site contours may be desirable 
to facilitate future site development. 

The cleanup activities will be conducti in a manner that minimizes generation of 
radioactive waste. Physical and administrative controls (e.g., contamination control zones, 
protective coverings, restrictions on materials and persome entering controlled areas, and work 
practices that protect against cross-contamination) will be used to prevent contamination of clean 
areas and equipment. Materials and equipment that become contaminated will be decontaminated 
where practicable rather than being discarded Excavated soil and debris will be segregated 
using radiological survey techniques. Contaminated materials will be loaded into steel roll-off 
(intermodal) waste containers or gondola railcars for off-site transport, while clean materials will 
be staged on-site for possible use as fill material. 

In summary, the proposed removal action will include the following activities: 

Preparation of a detailed work plan and health and safety plan. 

Site preparation, including preparation of appropriate decontamination facilities 
to clean equipment and tools used in excavation and transport activities. 

Excavation of contaminated materials exceeding site-specific cleanup criteria, with 
further segregation of excavated materials above and below cleanup criteria using 
radiological survey equipment. 

Analysis of samples of the excavated materials to confirm compliance with 
regulatory requirements and waste acceptance criteria of the disposal facility. 

Loading excavated materials exceeding cleanup criteria into railcars (either bu:k 
transport in gondola railcars or intermodal containers on flatcars). If an offsite 
rail spur is used for the loading operations, excavated materials will be 
transported by truck to the rail spur; if the adjacent rail spur is used, as currently 
planned, truck transport may not be required. 

Rail transport of excavated materials exceeding cleanup criteria to the offsite 
commercial disposal facility. 

Survey and sampling of excavated areas to verify that site-specific cleanup criteria 
have been achieved. 
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(8) P.tstoration of excavated areas with clean ~i! and resading with grass. 
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that all applicable health, safety and ~vbnrncntal req kerneat. arc met. ADDroDti- ,-- 
preventive measures will bc usal to reduce potential avironmental impacts and he&h ksL.. 
Following completion of the cleanup action, no amtinuing institutional controls or surveillance 
will be squired. 
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7. PUBLIC PAR‘I-ICIPATION AND COMMUNITY RELATIONS 

7.1 PUBLIC PARTICIPATION IN THE DECISION-MAKING PROCESS 

The public, the New Jersey Department of Environmental Protection, the U.S. 
Environmental Protection Agency, and state and IocaI government officials were invited to 
review the draft EEYCA document during a 30&y public comment period which began January 
29, 1996, and ended February 28, 1996. DOE has evaluated and responded to comments 
received during this public comment period. A summary of the comments received and DOE’s 
responses is provided in Appendix E. 

After careful review of the comments received, DOE has decided to implement the 
removal action described in Section 6: removal of residual radioactive materials exceeding the 
site-specific cleanup criteria for disposal at an off-site commercial disposal facility. 

An information repository and administrative record file for the New Brunswick Site have 
been established at the following location: 

0 New Brunswick Public Library, 60 Livingston Avenue, New Brunswick, NJ 
(Telephone: 9081745-5 108) 

Copies of this EUCA document and all related public comments are available at this 
location. 

7.2 COMMUNITY RELATIONS PLAN 

Issues of community concern regarding NBS and with respect to environmental cleanup 
efforts at the site are of utmost importance to DOE. As support to the upcoming cleanup, this 
plan outlines community relations activities that will be integrated into *he effort. 

This community relations plan has been prepared to guide DOE in meeting the needs of 
the local community. Community relations activities ensure that the local public is given thz 
opportunity to provide input regarding DOE actions and is kept informed about the status of 
those actions. 

The development of this plan is based on DOE’s experience at NBS and on DOE 
interactions with local stakeholders. The plan has been designed to meet provisions of the 
National Contingency Plan and CERCLA, and, through its inclusion in the EEKA, is a part of 
the official administrative record. 
guidance (EPA 1992). 

This plan has been developed in accordance with EPA 
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Basic community ielations activities regarding NBS will inch& the following: 

a 

a 

0 

l 

0 

0 

0 

0 

0 

0 

0 

0 

Broadly publicizing pertinent information about the remedial action at NBS; 

Scheduling and publicizing the start of the 30day public mmment period on the 
EWCA; 

Preparing a responsiveness summary for the public to address the comments 
rw;eiW%l; 

Preparing and distributing 

Conducting workshops as 
understand and participate 

a fact sheet(s) as necessary; 

needed or requested to help members of the public 
in the decision-making process; 

Meeting with local officials to keep the city informed of DOE’s work in the area 
and to solicit input; 

Establishing and maintaining an administrative record and local information 
repository; 

Publicizing the toll-free number for contacting the DOE site manager and project 
representatives; 

Coordinating public announcements with local officials; 

Scheduling meetings with state and Iocal officials to discuss DOE site activities; 

Responding directly to citizens’ inquiries; providing speakers to small, informal 
meetings regarding site activities; and conducting site tours as requested; and 

Maintaining information contacts for the media, local officials and the public. 
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!.L.I Commun3ty Background 

The city.of New Brunswick is located in an urban, industriahzd area of Middlese, 
County, approximately 30 miles southwest of New York City. The populations of Middlesex 
County and the city of New Brunswick, respectively, are approximately 692,859 and 41,266 
(U.S. Bureau of the Census, 1995). 

The city is governed by an elected mayor, a five-member council, and a business 
administrator who manages the various city departments. Middlesex County is governed by a 
county administrator. The county government includes a board of health and a designated health 
officer. 

NBS is in the 6th U.S. Congressional District and the 17th State Legislative District. 

Communitv Involvement 

DOE has established an administrative record file and information repository for NBS 
at the New Brunswick Public Library. Documents included in the record are intended to provide 
information about the site and insight into how site-related decisions are made. The repository 
contains information of more general interest to the public, such as fact sheets, newspaper 
articles, and other information materials pertaining to the site. (For locations, hours of 
operation, and phone numbers, see the section in this plan on Location of Administrative Record 
and Information Repository.) 

Summarv of Communitv Concerns 

Since designation of NBS into FUSRAP in 1990, there has been very little, if any, 
interest or concern voiced by the community about the site. This may be because the site is an 
unoccupied, undeveloped lot that is situated in an area already occupied by industry. 

DOE representatives met with city officials shortly after the site was designated into 
FUSRAP to discuss DOE’s environmental monitoring program and results for the site. At the 
meeting, the general interest of the city was that the site be cleaned up as soon as possible so 
that the land may be developed, which is the interest of some local industry. The city also 
expressed its own interest in possibly acquiring the property following cleanup. 

In December 1995 and January 1996, DOE representatives again met with local officials 
to further discuss cleanup plans for the site. Again, city officials showed great support for the 
cleanup effort, and indicated interest in the property becoming available for use as part of the 
area’s economic development, 
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7.2.2 Highllgbts of Coamunity ReLntioas profrpm 

Through effective community relations, FUSRAP seeks to establish an atmosphere of 
trust, partnership, understanding and cooperation in communities affected by the program. DOE 
recognixs that it is in everyone’s best interest that a site cleanup be an open and interactive 
process. The agency wiil establish lines of communication, providing ample opportunit, for 
public input and comment while keeping the community apprised of all significant developments 
and activities. 

The community relations program provides an opportunity for the public to learn about 
a FUSRAP site’s history, the type of materials requiring remedial attention, and the cleanup 
plans being considered. The program is designed to empower stakeholders to participate 
effectively in the decision-making process. 

The person with the primary responsibility for implementing community relations 
activities in New Brunswick is Ms. Estraletta Green, of DOE. She is also the primary 
spokesperson for the site to the media. Ms. Green is assisted in this role by FUSRAP 
Community Affairs representative Wayne Scarbrough. Ms. Green can be contacted at DOE’s 
Former Sites Restoration Division, P.O. Box 2001, Oak Ridge, Tenn., 3783 l-8723, or by phone 
at (423) 576-5724. Mr. Scarbrough can be reached at (423) 576-6563. Both Ms. Green and 
Mr. S&rough can also be contacted through DOE’s 24-hour, toll-free information line at l- 
800-253-9759. 

Objectives of the NBS community relations program are to: 

Enlist the support and participation of local officials and other stakeholders in 
coordinating community relations activities; 

Inform the public about the site conditions and the process by which a cleanup 
plan is developed; 

Provide coordinated background information and comments to the news media; 

Solicit public input, which enables DOE to ensure that issues of community 
importance are identified early so that the input can be used to help guide DOE’s 
decision making; 

Conduct a formal 3Oday comment period for the EEKA followed by a 
responsiveness summary to comments received; and 

Maintain interface with stakeholders throughout the cleanup process. 
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7.2.3 c~llnity Relations Actiritks and Tbhg 

DOE conducts community relations activities to ensure that the public is well informed 
and able to participate in the decision-making process. Community relations activities for NBS 
are intended to address possible community concerns and information needs as identified throu,h 
stakeholder interaction. 

TO date, DOE has communicated with persons interested in NBS through personal 
contacts, fact sheets, media announcements, and presentations at meetings, such as the recent 
regional meeting (October, 1995, Sccaucus, NJ) of the FUSRAP Committee of the 
Environmental Management Advisory Board. These and other mechanisms will be used to 
inform the public of DOE decisions throughout the cleanup process. 

Community relations activities that have been or will be conducted relative to DOE’s 
work at NBS are summarized in Table 7.1. 

To implement these activities, the following communications tools and materials may be 
required: 

0 Mailing list that includes members of various stakeholder groups (Table 7.2); 

0 Media kit containing FUSRAP booklet and fact sheets, site fact sheets, and other 
pertinent information; and 

0 Display advertisements to promote various public participation opportunities. 
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Table 7.1 Summary of Community Relations Achitic3 ;kJ - ’ 5 c 
.- 
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Distribute draft EEKA to key shk&oIdcn; 

Respond LO inquiries. 

Issuance of Final EEKA and 
Action Memorandum 

Prepare rrsponsivuxss aunmary addressing c0mments received 
during Public comment period; 

Conduct me;ogs with state and local officials, as needed, to 
discuss cleanup plans; 

Issue news Iduse about clunup; 

Respond to inquiries; 

Clanup Action 
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Table 7.2 List of Contacts Kodinuah~ 
‘. ’ - IT-’ 

FEDERAL ELEcrEzD omcws 
The Honomble Bill Bmdley 
united stake !samtor 
1 Newark Ceder 
16th Floor 
Newark, NJ 07102 

The Hoooxmble Frank J. Imtmberg 
uded stated sautol 

Suite 1001 
Gateway the 
Gateway Ctatcr 
Newark, NJ 07102 

Tbc Honorable Fmnk Pallone 
United States Coogrcssional Representative 
6749 Church Street 
New B runswick, NJ 08901 

(201) 639-2860 

(201) 645-3030 

(908) 249-8892 

U.S. ENVIRONMENTAL I’ROTECTION 
AGENCY OFFICIALS 

Mr. Robert J. Wing 
U.S. Environmartal Protection Agency 
Fedenl Facilities Section 
290 Broadway 
New York, NY 10007-1866 

Ms. Pat Seppi 
Superfund Community Relations Coordinator 
Environmental Protection Agency 
290 Broadway 
New York, NY loo07 

(212) 637-3ooO 

(212) 637-3679 

U.S. DEPARTMENT OF ENERGY 
0mcIALs 

Mr. Al Johnson 
EM421 
U.S. Deputmeot of Energy 
Cloverluf Buildiag 
19901 Germantown Road 
Germurtown, MD 20874 

(301) 903-7226 
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U.S.DEPARTKENTOFF;NERGY 
omcms (~44 

Mr. Lx&et K. Price 
Director 
Former Situ Restontioo Divisioo 
U.S. hprtmeat of EDergy 
P.O. Box 2001 
Oak Ridge. TN 3783 I-9723 

(423) 576-0730 

Ms. Estnle4ta Gm 
Site Manager 
Former Sites Restontioo Division 
U.S. Depart-t of Eoergy 
P.O. Box 2001 
Dak Ridge, TN 37831-9723 

(423) 576-3957 

STATE ELECTED OFFICIAL!3 

dononble Christine T. Wbitmpa 
~ovemor of New Jersey 
itate House 
rrenton, NJ 08625 

(609) 292-6000 

Iononble Jerry Greu~ 
Jew Jersey State Assemblyman 
)istrict 17 
-9 Watchung Avenue 
‘uite 204 
‘lainfield, NJ 07060 

(908) 561-5757 

looonble Robert G. Smith 
few Jersey State Assemblymao 
htrict 17 
4 St&on Road 
oom 250 
isutaway, NJ 08854 

(908) 752-0770 

ooonble John A. Lyxb 
ew Jersey State Sinator 
istrict 17 
lo Bayud strd 
ew Bnmswick, NJ 08901 

(908) 249-4550 
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Table 7.2 List of Contacts (Cmtinud) 
Tdepboas .’ 

-ATE ENJAFlONMEKT ALoFFIcLAu 

Mr. Nicbolv Marton 
Buruu of Federal Case Managemeat 
New Jersey -1 of Enviroamaatal 
Protection 
401 Jzast state SIrad 
Treaton, NJ 08625 

(609) 633-07 19 

Mr. Fred Mumford 
Community Reht.ions Coordinaor 
New Jersey Dqmtmeat of Environmental 
Protection 
401 East state street 
Sixth Floor 
Trenton, NJ 08625 

(609) 984-3081 

Honorable James M. Cahill 
Mayor 
City of New Bmnswick 
78 Bay& Street 
New B rumwick, NJ 08903 

(908) 745-5040 

Mr. Ludwig E. Previte 
City Clerk 
City of New Brunswick 
78 Bayard Street 
New Bmnswick, NJ 08903 

(908) 745-5040 

Mr. Thomps bugblin. III 
Business Administrator 
City of New Brunswick 
78 Bayud Street 
NewB nmswick. NJ 08903 

Ms. shuon Mute4l 
Health Officer 
P.O. Box 269 
New B runswick, NJ 08903 

(908) 745-5040 

(908) 745-5015 
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Table 7.1 List of Contacts (Continuad) 

-l-h Honomble waltor A. DeAngel 
county Adminiatr&tor 
John P. Kamcdy Square 
P.O. Box 871 
NCWB ninawick. NJ 08903-7ooO 

Mr. Bemad Mihdko, Director 
Middlcacx tkuuty HsJtb Dqwucat 
417 Dalnison stxeet 
Highhd Park, NJ 08904 

(908) 745-3000 

(908) 4944742 

Dr. William PM, President 
Board of Hultb 
199 Be&wood Aveoue 
Middlesex. NJ 08846 

(W8) 4944742 

MEDIA 

7he Benuar&nXe News 
P.O. BOX 687 
Bcmardwille. NJ 07924 

(908) 766-3900 
Fax: (908) 766-6365 

l?w News Tribune 
Dne Hoover Way 
Woodbridge, NJ 07095 

(908) 442XMOO 
Fax: (908) 324-7373 

The Uiddkra Chronicle 
P.O. Box 699 
Gomcrville, NJ 08876 

(908) X6-2800 
Fax: (908) 526-2509 

Pu Courier News 
'-0. Box 6600 
3ridgewrtcr. NJ 08807 

(908) 707-3 I. I 1 
Fax: (908) 707-3252 

Ihr Home Nrwj 
‘.O. Box 551 
‘Jew Bruaswick, NJ 08903 

(908) 246-5500 
Fix: (908) 9376046 
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Table 7.2 List of Contacts (Continued) . . . - .-.. - ’ 

nmswick Public Librq 
60 Livinpslon AvaNm 

rumwick, NJ 08930 

Mond8y - Tbumd8y 9:oO 8.m. - 9:00 p.m. 
Friday and Saturday 9:00 a.m. - 530 p.m. 

Reference Libnrian: Ms. Eugenir Spsulding 
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APPENDIX A 

SITE CHARACTERIZATION DATA 
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Site characterization activities were conducted following the yrcvious renledlai ac!ims 
at the New Brunswick site to verify the effectiveness of- the previous cleanup activities and 
identify any residual radioactive materials remaining at the site above guidelines. Surveys and 
sampling activities also were conducted to determine whether radioactive contamination extends 
onto offsite properties, and to determine the potential waste classification of the cor,tarnir,~~ed 
soils at the onsite rail spur. Characterization activities have included thorough walkover 
radiation surveys, as well as soil sampling and analysis. These post-remedial-action survey and 
sampling efforts took place in 1983, 1989, and 1992. 

Results of these site characterization activities have yielded consistent results, which 
indicate that the remaining radioactive materials at the site are localized in the area of the onsite 
rail spur, where soils mixed with pitchblende ore was used as fill material in 1960 and at two 
othc- very localized areas. No offsite areas with elevated concentrations of radioactive materials 
have been identified. 

The most recent characterization data were collected in August 1992. Onsite radiation 
surveys and limited radiological and chemical sampling were performed to collect information 
for remedial action planning. A survey was performed using an ultrasonic ranging and detection 
system (USRADP’) over the entire site in an attempt to locate previously undetected 
radioactively contaminated areas. Figure A-l shows the areas where US&IDS survey results 
were greater than twice background (20,000 cpm) and the locations of borehole and surface 
sampling locations. As in earlier sumeys, contamination was detected only in the filled railroad 
spur and at the small location along the southwestern fenceline. Though the lack of an access 
agreement prevented an off-site survey at the time, a follow-up survey performed by the Oak 
Ridge Institute for Science and Education (ORISE) in the spring of 1993 indicated that the 
adjacent areas did not contain sufficient radioactive contamination to warrant designation as part 
of NBS. 

Radiological and chemical sampling was performed to better define the characteristics of 
the contaminated soil known to exist onsite. Samples were also collected from boreholes on 
either side of the filled railroad spur area (boreholes 3 and 5 shown in Figure A-l) to help 
determine contamination boundaries. As shown in Table A-l, surface sample radium-226 
concentrations ranged from 2.4 to 8,501 pCi/g, thorium-232 concentrations ranged from less 
than 1.5 to 272 pCi/g, and uranium concentrations ranged from less than 10 to 271 pCi/g. 
Seven of the eight samples contained radium-226 concentrations above the DOE surface soi] 
guideline of 5 pCi/g, and two samples (samples 007 and 008) contained thorium-232 
concentrations above 5 pCi/g. 

Radiological analyses of samples from boreholes 1 and 2 located within the filled r&road 
spur detected concentrations above DOE guidelines in surface and subsurface inten& down to 
2 m (6 ft) (Table A-2). No concentrations of thorium-232 above guidelines were detected; 
however, elevated levels of uranium-234 and uranium-238 were detected at 100 pci/g in a 
2.4- to 3-m (8- to lO-ft) interval in borehole 2 and in the CL to 1.2-m (O- to 4-fl) mtemd of 
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Figure A-l 
Sampling Locations and USRADS Results 



1 4 3 3 5 5 
Tabk A-l 

Radlonuclkk Results in Surface !5oM (0 to 0.5 ft) 

Location Radium-226 Thorium-232 Uranium-238 
(see Fig A-l) 

001 1.2 f 0.14 1.8 f 0.51 c5.7 

003 

MM 2.4 f 0.82 Cl.5 < 10 

005’ 843.0 f 28.0 < 10.4 74.2 f 36.0 

006 61.6 2.2 f c 1.8 77.5 f 9.4 

007’ 21.1 1.2 f 271.8 15.0 f <41.1 

008’ 10.3 0.39 f 13.8 1.5 f 62.6 + 10.2 

009a.b 8501.0 178.0 f < 133.0 < 785.0 

Ol(Y 864.0 19.4 f < 12.2 271.0 + 42.0 

011’ 234.0 3.0 f <4.0 69.0 f 13.1 

‘Radioactively contaminated based on the DOE guideline of 5 pCi/g for radium-226 in he top 
15 cm (0.5 fi) of soil. 

bContaminated spot near 008. 



Table A-2. Radionuclide Concentrations in Borehole Soil Samples at NBS 

Radionuclidc Concentration (pCi/g) 
- 

s-pie Depth 
Borehole Inlad (fl) Radium-u6 Thorilnn-232 cesiun-137 uranim-234 U&Un-235 U~um-238 

1 o-2 148.00 f 4.10 2.90 UJ 0.91 UJ 134.50 + 90.20 4.60 + 3.60 135.30 + 90.80 

1 2-4 61.40 f 2.80 2.10 UJ 0.66 UJ 75.50 f 32.20 3.30 f 1.70 79.80 f 34.00 

1 4-6 51.70 f 2.60 1.80 UJ 0.54 UJ 48.70 f 20.00 1.90 f 1.10 46.70 f 19.20 

1 6-8 7.60 f 0.28 1.50 f 0.22 0.22 UJ 20.00 f 6.00 0.86 f 0.44 21.60 f 6.9 

1 8- 10 0.68 UJ 1.50 f 0.58 0.21 UJ 4.70 f 1.70 0.27 f 0.23 4.80 f 1.70 

2 o-2 38.40 f 2.50 1.70 UJ 0.52 UJ 59.80 f 23.00 2.00 f 1.10 63.20 f: 24.?0 

2 2-4 50.50 f 1.30 1.60 f 0.75 0.61 UJ 79.10 f 40.10 3.00 f 1.90 77.10 f 39.20 

2 4-6 41.70 f 2.00 2.60 f 0.49 0.48 UJ 39.90 f 15.10 2.50 f 1.20 38.20 j: 14.50 

2 8- 10 0.91 UJ 1.60 f 0.66 0.31 UJ 101.30 f 49.70 5.00 f 2.90 98.70 f 48.40 

3 O-I 2.40 f 0.17 1.70 f 0.62 0.22 UJ 2.80 f 0.94 0.12 f 0.13 2.60 f 0.a 

2 3 1-2 0.70 UJ 2.00 f 0.69 0.28 UJ 1.50 f 0.75 0.15 UJ 0.91 f 0.52 

3 2-3 0.94 f 0.19 2.10 f 0.24 0.22 UJ 0.86 f 0.47 0.13 UJ 1.20 f 0.58 

3 3-4 0.86 f 0.04 1.50 f 0.52 0.15 UJ 0.70 f 0.35 0.90 UJ ‘3.78 f 0.38 

4 o-2 13.30 f 0.62 0.97 UJ 0.30 UJ 5.20 f 1.70 0.22 UJ 6.40 1. 2.10 

4 4-6 7.50 f 0.41 1.10 UJ 0.34 UJ 24.40 f 7.50 0.98 f 0.50 23.20 f 7.10 

5 o-2 0.73 UJ 1.90 f 0.20 0.14 UJ 1.30 f 0.55 0.11 UJ I.50 f 0.61 

5 2-4 0.32 UJ 0.80 f 0.82 0.11 UJ 0.93 f 0.48 0.12 UJ 1.20 f c.57 

Note: Error terms represent 2 sigma. 

Data qualifiers are: 

U = Result below stated d&c&m limit 
J = Estimated result 
UJ = Estimated detection limit 



boreholc I. SW@~S from the borthole~ on either side of the railroad spur contained no 
radionuclide concentrations above guidelines. 

Downhole gamma logging was psrformed in each of the five boreholes at 0.15-m (O.S-ftj 
imeAds. Results above 30,000 cpm indicate the possible presence of radium-226 at 
concentrations above the DOE subsurface soil guideline of 15 pCi/g. Gamma log count rates 
from keholes 1,2, and 4 exceed 30,000 cpm from top to bottom (except for the very deepest 
readings in boreholes 2 and 4). These results suggest that radioactive contamination above the 
DOE guideline may extend down to 3 m (10 fi) in the vicinity of boreholes 1 and 2 and is 
slightly shallower [1.7 m (5.5 ft)] toward the southwestern fenceline (Figure A-l). Downhole 
gamma log results from boreholes 3 and 5 were all below 30,000 cpm. Results of the USRADS 
survey indicate that radioactive contamination present on the southern one-third of the site may 
be confined to the filled railroad spur area and the isolated area on the southwestern fenceline. 

Chemical analyses indicated very low concentrations of organic compounds and metals. 
None of the results exceeded EPA regulatory limits, indicating that the wastes would not be 
regulated under the Resource Conservation and Recovery Act (RCRA) or Toxic Substances 
Control Act (TSCA) regulations. The highest concentrations of metals were detected in surface 
soils at the railroad spur fill area, with concentrations of 3 to 88 ppm for silver, 0.27 to 
589 ppm for mercury, 26 to 1,150 ppm for copper, 19 to 1,990 ppm for nickel, 45.9 to 
2,050 ppm for lead, and 97.8 to 9,500 ppm for zinc. New Jersey Department of Environmental 
Protection (NJDEP) proposed soil cleanup criteria were exceeded only for mercury, copper, 
lead, and zinc, and only at the rail spur area. Organic compounds were also detected primarily 
at the filled rail spur, including maximum concentrations of 79 ppm for fluoranthene, 22 ppb 
for tetrachloroethene, 25 ppb for toluene, 11 ppm for PCBs. These results indicate that soils 
excavated from NBS would not be classified as hazardous waste under RCRA or TSCA 
regulations. 
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TABLE B-l. Requimnents Potentially Applicable to the New Brunswick Site Ranoral Action 

Potdid Rquiranmt Description Does Requirement 
Apply to Clump? 

Aloatk Eacqy AC1 of 1954 
N&u- 
(42 USC 2011-2.29X-4) 

Eublihea ruhrily for licensing and tegukting 
ndioNtivc lnlurirla. 

YC8 

*if*0 occuphmal mdirlion ptrdection tindmlm l d 
pw rquiremcm for DOE and DOE cotawsor 
qetdiooa: includc~ buk dow limitr of 5ooO mmmlycar 
for rdirtioo wochn and 100 mrcnJyear for the public, 
& daived air conccntmdon limiu fur mdionuclidc~ in 
air. mquima JI ndirtion expowm IO be reduced ALARA. 

CkMAir~u-; Eublidur Ndiaul Rirmry l d Secondary &nbierr Air Yen 
NblitJdPhUKyMd @8lii hndatda for cc-in pollurn~. includiry total 

Excrv8600 quipmed CIhud ad tu#iliw Aud 

semnduy AJnbkd Air pmkukr nuaer. 
could rffect &ir qualii. 

Qulily slulda& 
(42 USC 7401-7671. 
4ocFR50) 

AidiiAkt&dii 

(40 CFR 58.58 FR 8452) 

Ye1 

NdiOdEdPiarSlBdUlk Ehrriocu of mdiiliir hn any DOE facility to he YCl 
forHuMknuAif- 

rbtNleqlim5Nsaurcoaidtrsd 
A&ii air hall ao( cxcccd lcvck tbat would maah in an 

patinedfalhc 

(42 USC 7401-7671. effective dew quivakrd of IO mrcm/yur. 
pmrccIiaaoftbepak~inp~of 

40 CFR 61) 
IbaprqoNdNlial. 

F&ml Wmtr Pdhtioa Eublirbea water quality undardr for ~rface wan and Ye1 hny wacwda a dalImkr~flundle 
Codrdk~ClcmWdaM prclrutmcnl undrrds for wadewater mluacd to publicly 
(33 USC 1251~1317): 

pro9oud acth wodd be cdkcted. tead. ud 
ovncd lrcamcd wrkl (lwfwr). Iruled, if osccurry, prior Lu &UC. 

Wder Quality sUodudr.(40 
CFR 131), N~~NI F’olhmd 
Dirhr~ Eliindioa Sydem 
(40 cm 122425) 



- 
Potadd Rcquiremmt 

occupblkJad sdesy am3 
HuhbACLOcarnlltldUIQ 
sluKhrb(29mc651478. 
29CFR191O)ead 
Safcty~HeakhQmimk 
(29CFR1926) 

Talk SubdMcu codrd Ad 
(I5 USC 2601 a lb+. 40 
CFR761) 

Habad- 
-&dbdbiOr 

tl~dTbaiumMn 

TGliqs(42 USC 2022, 
40 CFR 192) 

Hbmdoubhfaklidr 
TlbnqaclRMa Ad. u 
bmadu;byl#e- 
hiburkkl~ 
thamll s&y Acl 
(49 USC 1801-1119, 
49cm Ill-174,ln, 

.e 

Table B-l. (Continued) 

Description 

Specifihe&bmdufc~y atmdudrforhu.wdou~wrde 
openlioru.includinglimilr iorexpoureI0 noir,ioniring 
ndiitioord cc~inhrrrtdarrmrlrri~le,iKludi~ 
rbdiaucli&J. 
Eubliefequiremral~ forvorkcrUaini~,devrlopmecll 
oi~~~~yrr~nwrndvfe~yeDdhceW,pkru,rndrhe 
type oivicty quipmetimd procedurcrto be iollovcd for 

Dms Requirement 
Apply to -Cleanup? 

YCJ 
(hut noI ARAR) 

No 

NO 

No 



Potaltidrtapkmat 

RdiilionRuatiooofdn 
PubliiwddNEavimamra 
(DOE older 5400.3) 

Radikutiw wade 
Muqunc~~~(DOE<kdcr 
5820.2A) 

Safety. aul Huhh Rutoctioo 

(DOE o&r 5480.4) 

NdiadHianicI’n~~atica 
Act,u~wAd(l6USC 
470.40 CFR 6301(b), 36 

Arrbadgiulwd- 
Prucnrtim Acr (16 USC 
469.40 CFR 6.301(c)) 

Hilcaic Silq Lluildislr. 
objecu,MdAdiquiiAct 
(16 USC 461469.40 CFR 
6.301(r)) 

FiA and Wtldlife 
Coorditutioo Act (16 USC 
661461.40 CFR 6.302f~). 
50 CFR 27) 

Table El. (Continued) 

P 

Description 

--a 

bblirbca rquitwncnta for DOE facilities and opcnliocu 
for codlol of mdiition cxpowre IO Ihe public: 
Radiitioa cxpo~re IO $c public from DOE opcntiotu may 
ti exceed 100 mmdyur rbovc brckpmud, and all 
radiiciocl cxpourer ahadd be reduced IO levek I, low .I 
nrwnubly achievable (ALARA). Concentrationa of 
radiiliia in air in UncwIrolkd ~IU* MY not exceed 
qxA6cd Derived Co~~etilntioo Ouldea. Specifics 
coacdntkm limita for L-226. b-2211, m-230. and Th- 
232 id roil. 

Speeifvr rf@rcmearJ for managi~ DOE radioactive 
vrae. 

EAabii&* rquirrmen!a for he qplicatiw of mandatory 
cavimaad prdcc~ioa, ufcry, and health (Z5&Hj. 
dwduda applicabk lo all DOE rnd DOE cowacmr 

lbm rffea of ray federally ruirld underIakipl null be 
tin ti ucatd for rad ditirict. Bite. buildiv. titute, 
or ob* tit k included or eligible for incMoa in the 
Ndiod Register of Hidoric Pkcea. 

Rehi*aical, hiti. and rrcheologicrl ti thaw rnifi~ 
be dwoycd l s I nub of a ftdcnl. fedenlly ruiatd, or 
faknlly liicnvd rtivify or p-m nwt be prcmtd. 

Rquim federal rgcociu ti consider rhc exiacace ami 
locdioo of kndmuka on the Nacioarl Regiy of Natural 
krdmrt~ IO rvoid underinble inpact* on each kndmart. 

hquirca cm~tiou when federal deprrrmc* or agency 
prOpaa or wlhorize~ any modi!icrtion of my rtrum or 
other water body. mnd odqualc provision for pmteclion of 
6l ubj wildlife ~~YIIICC~. Lista rctionr pmhibiti in 
wua belonging IO N~tiorul Wildlife Refuge Syuem. 

Does Requirement 
Apply to Clump? 

To be conaidctul 

To be considered 

To be considewi 

No 

No 

No 



Table B-l. (Continued) 

crier m* cnalpc lhal my lclioo 1ullKnizcd. 
carried OUI by the agency ia IH likely IO 

mud exhence of my lbnrrntd or 
or &slroy or bdvencly modify any 

R&U activi@ea within a Naticmal Wildlife Rcluge 



Table B-l. (Continued) 

Now Itracy badcua Umbrclk kpisktion for ckarmp of contwni~tcd 
Divhorp Site Ren&i&a prqwtie~ Specifies guideliner for development of mite 
Act @uSA SI:lOB) rwncdirtion crileria and evruklion of remedial ~lkrna~ivea. 

New Jcney Spill Prwedon Rdbii the dkchargc of petroleum and other huwdou~ YU Nodiuharl.ofpatrokumabuudamromakk 
Rc&tiom @UAC 7:l E) subuncca u, knd and VIICI. irpknocdfortbeplqwcdremwaiutiolr. Any 

OCCidNdpilkgOVOU4dbOlkdigbdilY 

wcoldoncewirh Ihue rquinlncdl. 

New Jency Surhcr Wow 
Qualily sldardr (NJAC 
798) 

Eubliahea numerical criteria for the cotit of toxic 
pollulada in urface w~tcra. 

NewJvrySoil~uad Rqukr the inpkmentation of coil croaion asi udimcm YU All exuvdonand cownJ&a utidumuiudu 
SodiidCkUmi~Mo codrd muuru wbcnevcr anon than 5000 N of knd pNpUdnmnrlUtiooWddbr-lUiUg 
(NJSA 429-39) mrka k ditirbcd. Adminiatercd by local tit Wrop~~ oIuioOdrdimrdrrioouundb. 

emrnotioa diuictx of the titc Dept. of A~&uhurt. 

NewJerwyAir- EUnhWeI limiktiocu on rir pollution aourcca, Muding Ytr AllVdikkSUdrquipUbOdd&Uh#bO 

codrd RtguktkeI(NJAc lidtnb on mote cmitioru from combullw of fuel by propaedlWOVdUtiOllWddllBDOlhOO 
727) vehkkr, earth-moving equipment, and mobile ~cnonbn. rqu*m. Nopermumd&~ocuruo 

VOUldbcWOCi&dViththiIO&Q. 

Now Jenmy Ndr Coaml 
Rcgukcioa (??JAC 7:29-l) 

EUbtiahcr mir kvcl limitationa for indultrirl wd 
coauncrcklopcnlioM. 

YCl nwpropasdckMuprlionwa&i&cadvaodL 
calQliirlbirb all r&w Ii-. 

NW Jcnsy Wall Permit rod Utirhca rquirwncti for Le drilling and cloarre of Yea ckaln of oxi* #nludvw~wllr 
WcllcbunRt&lk= water vellr d the liccnring of water well drillen. fJ?oIcnI.klly) nuy be coadrrcod under lbe pmped ck-p 
(HJAC S8:IAA.l) wion. 

Ncv Jcmoy Huardouo 
Mamiak T~lion 
Rcgukfioua (NJAC Titk 7) 

Eublilbcr the rquircments for lnnxpotition of 
hu8rdoor (includi~ ndiiclive) mrterklr. M*lcfirlr 
replded by the Alomic Energy Act and haatiour 
chemicb may mt be :nnspoW through Ihc ate of New 
Jerry vithou~ prior written approval by all authorilk 
having juridiclion in ruch nutlen rnd by the New Jenny 
Dcportnwmt of Envimnmcn~rl Proteclir*n. 

No 



Table B-l. (Continued) 

prqmedclmYupbctioawuldv.sltquin 
dwemion ol utfue wuen. 

baoffuadbydnpmpmd 

UY of aate biiy fi#!ll*h.ay cared umkr 

Eublirbu cwYmlr and pemtitli~ rquirrmcnu for 
dilcbqe or pollulAlu lo urrace or gTotud vecn. 

lily SU&nk (NJAC 7z9- I) gmundv~tcr. Stale crikrir for ndioouclidea 
knt lo fcdcnl SDWA criterir. 



APPENDIX C 

RADIATION EXPOSURE SCENARIOS AND PARAMETERS 
USED FOR THE ANALYSIS AT NBS 
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The radiation dose to workers and the public have been estimated for each of the 
proposed cleanup options, using the RESRAD computer code (Yu et al., 1993a). Details of the 
exposure assumptions and &narios for each of the cleanup options are presented below. The 
four cleanup options considered include: 

l Optionl,NoA h c ‘on - Under Option 1, no additional action would be taken at NBS. 
While it is likely that DOE would continue to maintain access restrictions and 
environmental surveillance at the site to ensure that exposures are limited and no 
radioactive constituents are released into the surrounding environment, a future scenario 
where such control is lost is also considered. The no-action option is evaluated as a 
pint of comparison for the other cleanup options. 

l Option 2, Containment and Institutional Control - A permanent clay cap would be 
constructed over the radioactive soil mixture in the unused rail spur area. Long-term 
institutional controls would include access restrictions such as fencing, deed restrictions 
on the property, and environmental surveillance. 

l Option 3, Total E xcavation and Offsite Disposal - All soils containing radioactive 
materials above site-specific cleanup criteria wouId be excavated from NBS and 
transported to an offsite commercial disposal facility. Approximately 4,500 yd3 of 
radioactive soils would be excavated, primarily from the area of the inactive rail spur. 
Following excavation, the site would be restored with clean soil, graded, and planted 
with grass. No long-term institutional controls would be required following the removal 
of the radioactive soil mixture. 

l Option 4, Partial Excavation and Offsite Disposal - This option is similar to Option 
3, except that a supplemental concentration limit for radium-226 would be applied for 
subsurface soils below 5 ft in depth. Approximately 1,600 yd3 of radioactive soils would 
be excavated, primarily from the area of the inactive rail spur. Site restoration and waste 
transportation and disposal considerations would be similar to Option 3. Long-term 
institutional controls would be required to restrict the future use of the NBS property for 
commercial/industrial development only and to prevent intrusion into the residual 
radioactive materials below 5 ft during any future construction activities; such 
restrictions would be noted in the property deed prior to release by DOE. 

For each cleanup option, dose estimates were developed for workers conducting the 
cleanup action, and for members of the public during the cleanup action and following its 
completion. Under Option 1, no cleanup action would be conducted at the site; therefore, no 
worker dose is estimated. 

Based on available site characterization data, average concentrations of radionuclides in 
the contaminated soils at NBS were estimated as 477 pCi/g for radium-226, 20.6 pCi/g for 
thorium-232, and 82.2 pCi/g for uranium-238 (BNI 1995a). Short-lived decay products were 
assumed to be in equilibrium and uranium concentrations are based on typical isotopic 
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oistributions for n&-A umnium. Potential exposure pathways considered for the remc&il 
&on worker include direct gamma exposure, inluIation of dust and radon gas, and incidental 
ingestion of soil. Potential exposure pathways to the public during conduct of the cleanup action 
would be limited to inhalation of radioactive dust that could be released during excavation and 
construction ‘activities. Results of the analysis are summarized in Table C-l. Detailed listing of 
all assumptions and exposure parameters are presented in Table C-2 and summarized bclo. I. 

Major assumptions for the remedial action worker exposures for Options 2, 3, and 4 (not 
applicable to Option 1) included the following: 

l For Option 2, the hypothetical worker receiving the maximum exposure would spend 
120 hours (8 hours/day x 5 days/week x 3 weeks) in the contaminated area with exposed 
soil contamination - i.e., after this time the radioactive materials are assumed to be 
covered by a clay cap. It was assumed that the cleanup worker would have a breathing 
rate of 23 m3/day, and would be exposed to an average concentration of 100 pg/m3 of 
radioactive particles in air. The worker was also assumed to ingest 100 mg/day of 
radioactive soil. The maximum radiation dose to the hypothetical worker from exposure 
while performing cleanup Option 2 was estimated at 76 mrem/yr (72 mrem/yr from 
direct external gamma exposure, 2 mrem/yr from soil ingestion, and 2 mrem/yr from 
inhalation of dust). This estimate is below the dose limits for occupational or public 
exposures. 

l For Option 3, the hypothetical worker is assumed to spend 680 hours (8 hours/day x 
5 days/week x 17 weeks) in the pitchblende soil area. Other exposure assumptions were 
the same as those described for Option 2. The maximum radiation dose to the 
hypothetical worker performing cleanup Option 3 was estimated at 420 mrem/yr (400 
mrem/yr from direct external gamma exposure, 12 mrem/yr from soil ingestion, and 8 
mrem/yr from inhalation of dust). This estimate is well below the do.se limit for 
occupational exposure (10 CFR 835). 

l For Option 4, the hypothetical worker is assumed to spend 520 hours (8 hours/day x 
5 days/week x 13 weeks) in the pitchblende soil area. Other exposure assumptions were 
the Same as those described for Option 2. The maximum radiation dose to the 
hypothetical worker performing cleanup Option 4 was estimated at 315 mrem/yr (30 
mrem/yr from direct external gamma exposure, 9 mrem/yr from soil ingestion, and 6 
mrem/yr from inhalation of dust). This estimate is well below the dose limit for 
occupational exposure (10 CFR 835). 

The dose estimates presented above for each of the cleanup options are based on very 
conservative (i.e., likely to overestimate actual exposure) assumptions and assume that no 
protective measures are taken to prevent or reduce exposures. They do not take into account 
meztsures such as dust suppression, protective clothing, or b&g protection which would be 
used during the cleanup. The potential radiation doses to workers performing the cleanup action 



Table 6 
1996 Groundwater Analytical Results - Radioactive Constituents 

New Brunswick Site Page 1 of 1 

Sampling Date Result a 
Result Above d 

BNI MDA’ Background DCG e 
Location Collected Analyte (PC2L) Flag b (pCi/L) (p&L) (PCUL) 

I 05122196 Radium-226 0.14 f 0.10 0.12 -0.06 f 0.13 100 
Background 05122196 Radium-228 

05122196 Thorium-230 
05122196 Thorium-232 
05/22/96 Total uranium 

0.05 f 0.10 
0.45 f 0.31 
0.05 f 0.10 
0.30 * 0.01 

D 05122196 Radium-226 
05/22/96 Radium-228 
05/22/96 Thorium-230 
05122196 Thorium-232 

0.17 f 0.11 
0.18 f 0.18 
0.43 f 0.28 
0.13 f 0.15 

UJ 0.42 0.13 f 0.41 100 
U 0.45 0.23 f 0.33 300 
UJ 0.35 -0.05 f 0.12 50 

0.02 0.18 f 0.01 600 
0.04 -0.03 f 0.14 100 

UJ 0.24 0.26 f 0.44 100 
0.24 0.21 f 0.30 300 

UJ 0.24 0.03 f 0.17 50 

- 

05/22/96 Total uranium 0.35 * 0.01 0.02 0.23 h 0.01 600 
E 05122196 Radium-226 0.09 f 0.08 0.08 -0.11 * 0.11 100 

05122196 Radium-228 0.08 f 0.12 UJ 0.27 0.16 f 0.42 100 
05122196 Thorium-230 0.33 f 0.24 U 0.27 0.11 f 0.26 300 
05122196 Thorium-232 0.04 f 0.08 UJ 0.23 -0.06 zt 0.11 50 
05/22/96 Total uraninm 5.52 f 0.12 0.02 5.40 f 0.12 600 

E 05122196 Radium-226 0.23 f 0.13 0.14 0.03 * 0.15 100 
Duplicate f 05122196 Radium-228 0.08 f 0.12 UJ 0.29 0.16 f 0.42 100 

05122196 Thorium-230 0.46 f 0.29 0.23 0.24 * 0.31 300 
05122196 Thorium-232 0.08 f 0.12 UJ 0.19 -0.02 f 0.14 50 
05/22/96 Total nranium 5.74 l 0.12 0.02 5.62 f 0.12 600 

H 05122196 Radium-226 0.14 f 0.10 UJ 0.16 -0.06 f 0.13 100 
05122196 Radium-228 0.14 f 0.17 UJ 0.26 0.22 f 0.43 100 
05122196 Thorium-230 0.48 f 0.31 0.13 0.26 f 0.33 300 
05122196 Thorium-232 0.14 f 0.17 UJ 0.13 0.04 f 0.18 50 
05/22/96 Total uranitmi 0.52 f 0.01 0.02 0.40 f 0.01 600 

a. Results reported with (*) radiological error quoted at 2-sigma (95 percent confidence level). 
b. Bechtel National, Inc. (BNI) data qualifier flags: 

U = The analyte was not detected. 
UJ = Analyte was not detected; estimated value reported. The result is below the MDA or less 

than the associated error term. 
c. Minimum detectable activity 
d. Historical (1992-1996) average background for groundwater is 0.20 f 0.08 pCi/L for radium-226, 

-0.08 f 0.40 pCi/L for radium-228, 0.22 f 0.10 pCi/L for thorium-230, and 0.12 f 0.01 pCi/L for total 
uranium. Historical (1993-1996) average background for thorium-232 is 0.10 f 0.07 pCi/L. Associated 
error term for result above background was calculated: (error*- + erro?b,cb,,,,d)“. 

e. DOE derived concentration guide for water. 
f. A quality control duplicate is collected at the same time and location and is analyzed by 

the same method for evaluating precision in sampling and analysis. 
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cleanup option (Options 2, 3, and 4), the dose to the public through this pathway was determined 
to be bounded by the inhalation dose to the remedial action worker. 

The exposure scenarios CVahIated following completion of the cleanup options include the 
following: 

l Option 1 - Under current site conditions, with continuing DOE control, the potential 
radiation dose to a hypothetical individual outside the site boundary is approximately 0.6 
mrem/yr. However, in the unlikely event that DOE control is lost in the future, it is 
assumed that the site could be converted to commercial/industrial use. Therefore, a 
hypothetical site employee is considered. 

l Option 2 - Long-term institutional controls are included in this option. Therefore, it 
is assumed that the only potential exposure would be received by a site maintenance 
worker. The maintenance worker is assumed to spend one working day (8 hours) per 
month at the site throughout the year inspecting the cap and conducting other 
maintenance activities. The 3-ft clay cap provides effective control over potential 
exposure pathways, resulting in a dose estimate that is negligibly small. 

l Option 3 - Option 3 allows unrestricted release of the h’Bs property. Based on the 
commercial/industrial zoning of the site and the surrounding land use, fultlre 
commercial/industrial development is assumed. Therefore, a hypothetical site employee 
is considered. The employee is assumed to work at the site 8 hours per day (7 hours 
indoors and 1 hour outdoors) for 250 days per year. It is assumed that residual 
radioactive materials are excavated throughout the 900 mz affected area around the 
inactive rail spur to a depth of 12 ft and backfilled with clean soil. Residual radiation 
exposures at the site would be at background levels. 

l Option 4 - Option 4 would include restrictions on future use of the site, which would 
permit only commercial/industrial development. Therefore, a hypothetical site employee 
is considered. The assumed work schedule is the same as described for Option 3. 
Residual concentrations of radionuclides in soil are assumed to be 50 pCi/g for radium- 
226 (assumed supplemental limit) and 82 pCi/g for uranium-238 @e-cleanup average 
concentration conservatively assumed) in soil below 5 ft in depth. Since residual 
radioactive materials are located below 5 ft of clean soil, radiation exposure pathways 
are effectively eliminated, and estimated doses are indistinguishable from background, 

The potential radiation dose to the public during cleanup activities at NBS and following 
completion of all active cleanup options is estimated to be very low. These estimates are 
conservative (likely to overestimate actual exposur@ in many respects and actual conditions 
would result in even lower doses. The maximum radiation dose to a member of the public less 
than the breathing dose to the cleanup worker discus& previously. The maximum radiation 
dose to the public from the cleanup action is estimated to be less than 2 mrem/year for Option 
2, 8 mrem/year for Option 3, and 6 mrem/yr for Option 4. Following completion of the cleanup 
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action, the estimated dox would be less than I mrem/yr far all action alternatives (Options2, 
3, and 4). These doses are very small relative to the dose received from background sources 
of radiation, and well below all public exposure guidelines and standards. 

No spills of radioactive soils are expected to occur during transport. However, if a spill 
did occur, because of the nature of the soil, any spills could easily be cleaned up and repackaged 
for disposal. Thus, the potential for radiation exposure to the public resulting from spillage 
would be minimal. 

Options 2, 3 and 4 would all require increa& vehicular traffic at NBS. Options 3 and 
4 may require transportation of excavated soils from the NBS property to an offsite railroad by 
truck and loading onto rail cars for transport to the disposal facility; alternatively, if the railroad 
spur adjacent to NBS is used for loading operations, trucking of excavated soils would not be 
required. In either case, clean fill materials would be transported to the site by truck to till and 
regrade the excavated areas. Option 2 would also result in an increase in local traffic, as the 
materials of construction for the cap are brought onsite. In all cases, the potential impact of 
increased vehicular traffic would be minimized by using traffic control measures, including use 
of established transportation routes and posting flagmen at appropriate locations. 

The risk of a transportation accident associated with offsite removal of the contaminated 
soils was estimated. For this analysis, the radioactive soils and debris excavated under 
Options 3 and 4 were assumed to be shipped by rail to the Envirocare disposal facility in Utah 
(round-trip distance of approximately 4,000 miles). The round-trip truck transportation distance 
was assumed not to exceed 20 miles. The number of fatalities expected to occur under any 
transportation scenario is much less than one. 
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’ Includes all monitoring. sampling. analysis, and verification testing; also included are. continuing 
institutional controls, surveillance. Ptrd maintenance activities, where applicable. Assumes f2OO,OOO/yr for 
30-year period for Alternatives I and 2, and $6S,WO for duration of removal action period only for 
Ah-natives 3 and 4. 
’ includes mobilization, demobilization, and site prepmationldevelopment. 
c Includes temporary trailer, utilities, C(C. 
’ Assumes exuvatioo vohne of 4,500 y8 for Alternative 3 and 1,600 y8 for Ahemative 4, with a 20% 
expansion faclor for exuvrted materials. 
’ Includw crp construction costs for Ahnative 2, backfill cods for Alternatives 3 and 4. 
’ hcludca all field support required for the removal action, au& as rite managernot, mgimering. 
lfxhniul mpport, and mviroamental Compli~. 
6 Loclude~ all design e&neering and support activities (10% of removal action ti [excluding monitoring] 
-). 
’ klude~ 4 born 0f6~ support required for the removal action, such as progrun management. 
mginecring, tecllniul support, and aw’ lrcmmeatal compliuKx. 
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. and 2.06 pCi/g average, and uranium-238 concentrations were 20.18 pCi/g maximum and 3.15 pCi/g average. 
All data from the SGS were less than the site soil criteria of 15 pCi/g for subsurface backfill for radium-226 
and 50 pCi/g for uranium-238. 

As an additional check on system performance, the SGS clean effluent piles were routinely surveyed 
by radiological control technicians to verify that material used as backfill met site soil criteria. 

Chemical Samplinq 

Samples were obtained, analyzed, and compared with proposed New Jersey S- 1070 cleanup Stan&r& 
by applying a statistical sampling approach using EPA guidance. The statistical approach is designed to 
determine with reasonable confidence that concentrations at the entire site are statistically lower than the 
cleanup standard. This does not mean that contaminant concentrations in all samples must be below 
guidelines. Following EPA guidance, the sample area was judged to be clean when the population mean was 

I much smaller than the cleanup standard. 

The method of sample size determination leaves only a 5 percent probability of concluding that the 
site is clean when actually contaminated and a 20 percent probability of concluding the site is contaminated 
when actually clean. Using this method, it was determined that initially 20 chemical samples would be 
collected, After sample collection, the mean of the analytical results was compared with 43 percent (based on 
EPA guidance) of the S-1070 standards, and the coefficient of variation (Cv) was checked to determined 
whether it was less than or equal to one. If the results of this initial sampling did not meet the criteria (sample 
mean must be less than 43 percent of the standard and Cv II), then a second round of chemical sampling was 
initiated, and an additional 14 samples were collected for the analytes of concern from the first round of 
chemical samples. The combined results from the initial sampling and the second round were then used to 
calculate a sample mean that was compared with 57 percent (based on EPA guidance) of the cleanup standard. 

In some instances, because some data were rejected, the required number of sample results was not 
available. When this occurred or when the initial and second round chemical results exceeded criteria, or 
when Cv ~1, then an upper one-sided confidence limit (UCL) was calculated to determine the degree of 
confidence that the site is clean for that analyte. A UCL is used to test whether the true mean of a distribution 
for a sample population actually exceeds a specified value, or in this case cleanup guidelines. For example, if 
several random samples are withdrawn from a population and each time a 95 percent UCL is calculated, then 
the 95 percent UCL of the calculated intervals will, on the average, contain the true population mean. 
Therefore, when a 95 percent UCL is calculated, the interval between the calculated mean and the 95 percent 
UCL of the mean may be expected to include the true mean of the population. There is 5 percent chance that 
the interval will not include the true mean. (The UCL was calculated by using the student-t test statistical 
method.) The following paragraphs provide a description and summary of additional calculations for each 
analyte that failed any of these conditions. A summary of the comparison of the data with the proposed New 
Jersey S- 1070 standards is also provided in Table l-5. 
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On January 29, 1996, the United States (U.S.) Department of Energy (DOE) published 
a draft Engineering Evaluation/Cost Analysis (EEYCA) for the proposed removal of residual 
radioactive materials from the New Brunswick Site. Comments received by DOE during the 3& 
day comment period, which ended on February 28, 1996, are addressed in this responsiveness 
summary. 

After careful review of the comments received, DOE has decided to implement the 
removal action as described in the EEKA. The selected alternative is excavation and offsite 
disposal of residual radioactive materials exceeding the site-specific cleanup criteria. 

All comments received on the draft EWCA have been placed in the administrative record 
for the site. The final EJXA, which includes this responsiveness summary to public comment, 
has also been placed inthe administrative record. 

E.2 COMMENTS AND RESPONSES 

Comments were received from the U.S. Environmental Protection Agency (EPA) Region 
2 and the New Jersey Department of Environmental Protection (NJDEP). The comments 
involved the cleanup criteria to be used for the proposed removal action and the regulatory 
requirements for the action. These comments are summarized below, along with the DOE 
response. 

COMMENT: 

EPA suggested that an assessment of site conditions following completion of the remedial action 
should be conducted, based on the post-remediation sampling data and site-specific modeling 
similar to that presented in Appendix C of the EWCA. It was suggested that this approach 
would be a more appropriate method of evaluating the cIeanup level achieved and would account 
for the contribution of dose from all radionuclides. 

RESPONSE: 

Following completion of the remedial action, DOE will perform an assessment to evaluate 
potential radiation dose and health risk associated with the site. This assessment will be based 
on the actual post-remediation sampling data and site-specific modeling. Results of this analysis 
will be used to evaluate whether any restrictions on future use of the site may be warranted. 

COMMENT: 
I 

NJDEP commented that DOE should consider a New Jersey law commonly referred to as S-1070 
(Industrial Sites Remediation Act, NJSA 13:1K-6 et. seq.; and Hazardous Discharge Site 
Remediation Act, NJSA 58:10B-1 et. seq.) as an applicable or relevant and appropriate 
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~x~uirement (ARAR) for the proposed removal action at this site. The requirements relayed by 
NJDEP involve the application of site specific residential and non-residential cleanup criteria that 
provide for a risk no greater than one-in-a-million (1 x lad) or natural background conditions. 

, ‘. 

RESPONSE: 

DOE has evaluated these statute.& and determined that requirements of the Hazardous Discharge 
Site Remediation Act are potentiall~~ relevant and appropriate to the proposed remedial action 
at this site. Site-spexific residential and non-residential cleanup criteria have been proposed for 
other DOE FUSW sites in New Jersey; however, no criteria have been proposed by NJDEP 
specifically for the New Brunswick Site. It is anticipated that the proposed removal action may 
achieve the conditions suggested by NJDEP for these other sites due to the configuration of the 
radioactive materials at the site. Following completion of the remedial action, DOE will 
perform an analysis of the post-remediation sampling data to determine the potential radiation 
dose and health risk to future occupants of the site, and evaluate whether arty restrictions on land 
use may be warranted. 

COMMENT: 

NJDEP also commented that site-specific discussions have not occurred between NJDEP and 
DOE, in which NJDEP has agreed with DOE’s strategy of funding remedial action at the site, 
and that a statement in the draft EEKA concerning coordination on this project between DOE 
and the state should be revised to reflect this limited dialogue. 

RESPONSE: 

Remedial action at the site is being conducted under a Federal cleanup program for which DOE 
has authority to allocate funds. The statement regarding “preliminary discussion and 
coordination” between DOE and NJDEP has been deleted from the final document as requested. 
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Revised 9195 
Landlord’s Rent 

Account Number: 
29- Pf7sq (2J 

THIS LEASE dated as of this /I /‘lr day o&?%~ti hgi=“/2 . 1996, between CONSOLIDATED 
RAIL CORPORA’TION, a Pennsylvania corporation, through its Regional Real. Estate office, which has a 
mailing address at Room 390, 510 Thomall Street, Edison, NJ 08837 (“Landlord”), and UNITED STATES 
DEPARTMENT OF ENERGY having a mailing address at Federal Building, AD - 424, P.O. Box 2001, Oak 
Ridge, TN 37831 (“Tenant”). 

WITNESSETH: 

The parties, intending to be legally bound, agree as follows: 

I. PREMISES 

1.1 Landlord hereby leases to Tenant the premises located at rear of How Lane and Jersey Avenue 
being part of Lot 3.01 and 17 in Block 598, containing 10,000 sq. ft. of land and 250 feet of track thereon, 
situate in the City of New Brunswick, County of Middlesex, and State of New Jersey, thereon, near Line Code 
-1401, Mile Post 33.8, as more fully described in hatch on Exhibit A (dated August 23, 1996) to this Lease (the 
“Premises’?. 

1.2 Landlord shall not be required to provide any access to and from the Premises. Tenant 
agrees that any and all required access to and from the Premises, shall be obtained by Tenant from 
adjacent property owners. . 

2. TERM 
Except as otherwise specifically set forth in this Lease, the term of this Lease (the “Lease Term”) shall 

commence on September 1, 1996 ( the “Commencement Date”) and shall end upon thirty (30) day’s notice 
from either party (the “Expiration Date”). 

3. RENT 

3.1 Base Rent. Rent for the Premises (“Base Rent”) shall be Twenty Four Hundred Dollars ($2,400.00) 
per year, payable semi-annually in advance on the first day of September and March of each year in the 
amount of $1,200 during the term of this Lease, subject to increases as provided for in Section 3.5 hereof. 
Tenant shall send all Base Rent and Additional Rent with the Rent Account Number to P.O. Box 8500-4450, 
Philadelphia, PA 19178-4450, or to such other address as Landlord may indicate by notice to Tenant. Landlord 
hereby acknowledges receipt from Tenant of-($O)- as security for Tenant’s performance of this Lease, which 
deposit shall be non-interest bearing. 

3.2 Additional Rent. All other amounts, liabilities and obligations which Tenant agrees to pay qr cause 
to be paid pursuant to this Lease shall constitute rent payable hereunder CAdditional Rent”) in addition to the 
Base Rent specified in Section 3.1. Tenant shall pay Landlord such Additional Rent within thirty (30) days after 
receipt of invoices from Landlord, unless Landlord, in the case of taxes, directs payment be made to the taxing 
or assessing authority. 
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3.3 Payment of Rent. Tenant shall pay Base Rent and Additional Rent without prior demand, setoff, 
or counterclaim. Landlord may apply each payment of Base Rent or Additional Rent when received in such 
order as Landlord may determine, regardless of any rule, law, practice or custom between Landlord and 
Tenant. No payment shall operate as an accord and satisfaction, notwithstanding any statement or 
endorsement accompanying such payment. 

3.4 Late Payments. If Tenant does not pay Base Rent or Additional Rent within a period of ten (10) 
days from the day same shall have been due and payable, then Tenant shall pay a service charge at the rate of 
1.5% per month (or at the legal maximum in the jurisdiction in which the Premises are located, whichever is 
greater) on the amount of any such Base Rent or Additional Rent unpaid: provided, however, that such service 
charge sh.all, in no event, .be less than $25.00 for any month or portion thereof. 

3.5 Base Rent Increase. The rent provided in Section 3.1 as the current Base Rent shall be changed 
on an annual basis, by the same percentage increase as reflected in the “Consumer Price Index for Urban 
Wage Earners and Clerical Workers (CPI-W)(1967 = 100)” specified for “All items - United States” compiled by 
the Bureau of Labor Statistics of the United States Department of Labor (the “Index”). In no event, however, 
shall the rent be less than the then applicable Base Rent. 

The current Base Rent payable shall be changed in accordance with the following: 

I;!@ 

(iii) 

(iv). 

w 

The current Base Rent shall be adjusted annually, commencing September 1, 1997. 
Each adjustment shall be made with reference to the price index for the fourth month 
immediately proceeding the effective date of each adjustment (Current Price Index). 
Each such adjustment shall be made by determining the percentage change of the then 
Current Price Index over the price index for the full calendar month of the effective date 
of this Lease (“Base Price Index”). 
Such percentage shall be computed by (1) obtaining the difference between the Current 
Price Index and the Base Price Index and (2) dividing such difference by the Base Price 
Index. 
The percentage thus determined shall be multiplied by the then applicable current Base 
Rent hereinabove set forth, and the product thus determined shall represent the change 
payable in addition to the current Base Rent until a subsequent adjustment shall be made 
under this Section. 

In the event the Index shall hereafter be converted to a different standard reference base or otherwise revised, 
the determination of the percentage change shall be made with the use of such conversion factor, formula or 
table for converting the index as may be published by the Bureau of Labor Statistics or, if said Bureau shall not 
publish the same, then as shall be reasonably determined by Landlord. 
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4. USE 

4.1 Tenant shall use the Premises solely for loading and outbound shipping of sealed sack containers 
of radioactive contaminated soil from front end loaders to rail cars, and for no other purpose. 

4.2 Tenant shall all times prior to any loading operation, place a plastic liner on the ground 
between front end loader and rail cars in order to capture any spilled residue soil that may fall during 
the transfer process. Tenant shall remove the plastic liner each day and Tenant shall not reuse same 
again on the Premises. Tenant shall properly and legally dispose of such plastic liners. 

4.3 Tenant will use its best efforts not to leave any partially loaded rail cars on the Premises 
overnight. Tenant shall provide security each time such partially loaded rail car is left on the Premises 
overnight to insure that it is not vandalized. 

4.4 Tenant shall place appropriate placard code and STCC numbers on all rail car prior to 
releasing them to Landlord for handling. Tenant shall contact Landlord’s local Trainmaster or other 
Landlord designated representative, on a daily basis to provide such person with a list of cars that are 
required to be switched from the Premises. Rail car release and billing information will be faxed by 
Tenant to a person designated by Landlord for such purpose. 

4.5 Prior to the commencement of this Lease and any entry on the Premises, Tenant shall 
comply fully with Exhibit “B” attached hereto. Tenant shall also comply fully wiht Exhibit “C” (new 
Brunswick Site Loading Plan), attached hereto, and Exhibit “D”(Response to “Exhibit B” herein), also 
attached hereto. 

5. RESERVED FACILITIES 

5.1 Use of Reserved Facilities. Landlord may operate existing railroad and related transportation 
services on or adjacent to the Premises. Landlord reserves the right to operate, maintain, repair, replace, 
augment, or relocate (provided that said relocation or augmentation does not unreasonably interfere with 
Tenants use of the Premises for the purposes set forth in Section 4) any Reserved Facilities existing within or 
adjacent to the Premises. This Lease is subject and subordinate to any right which Landlord or any easement 
holder, tenant, or licensee of Landlord may have in the Reserved Facilities. Tenant shall not interfere with the 
maintenance or operation of the Reserved Facilities, or the rights of any easement holders, lessees, or 
licensees with respect thereto. Tenant shall maintain prescribed clearances for all railroad tracks on or 
adjacent to the Premises. All such clearance areas shall be kept free of any obstruction. 

5.2 Definition of Reserved Facilities. The term “Reserved Facilities” shall mean any existing tracks, 
pipes, conduits, thoroughfares, roads, tunnels, electric communication and signal transmission lines and poles 
and guys for such lines, and any other facilities of similar nature on, above or below the ground, belonging to 
any party whomsoever. 
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6. TAXES AND ASSESSMENTS 

Tenant shall not be responsible for any real estate taxes on the land and track within the 
Premises. 

7. UTILITIES 

Tenant, at its sole cost and expense (including fees for permits and similar documents) shall obtain all 
utility services required or desired by Tenant, including the installation of meters and submeters if none. exist. 
Tenant shall be responsible for all charges for utilities consumed by, and supplied to, Tenant by the provider 
thereof. -Tenant-shall not obtain any utility service from any of Landlord’s facilities without first obtaining the 
prior consent of Landlord. 

8. CONDITION OF PREMISES 

Tenant has fully inspected and accepts the Premises in “as is” condition as of the date of this Lease. 
Landlord makes no representations or warranties with respect to the Premises including, without limitation, such 
matters as zoning, condition, utility, or fitness of the Premises or any improvements thereon for any use. 
Except with respect to any Reserved Facilities, Tenant shall perform all maintenance (including without 
limitation, snow and ice removal) and repairs necessary to keep the Premises and any improvements now or 
hereafter existing thereon in good order and repair and in a safe condition. Landlord shall have no obligation 
whatsoever to maintain or repair the Premises or any improvements. Nothing set forth in this Section shall be 
deemed to modify the apportionment of responsibility for Environmental Claims provided for in Section 13. 
Tenant shall provide notice to Landlord of any damage to the Premises of any nature. 

9. SIGNS AND IMPROVEMENTS 

Tenant shall not: (i) place any sign or advertising; (ii) or construct new improvements (including, without 
limitation, any underground storage tanks); or (iii) modify, alter, replace, remove any existing improvements on 
the Premises; or (iv) change the existing grade or topography of the Premises, without the prior consent of 
Landlord, in Landlord’s sole discretion. Tenant shall completely remove all improvements made by Tenant 
upon the Premises prior to the termination of this Lease and restore the Premises to a condition satisfactory to 
Landlord. Tenant shall provide Landlord with a minimum of fifteen(l5) days prior notice when Tenant intends 
to remove any improvements in accordance with the previous sentence. If Tenant fails to completely remove 
such improvements and other property of Tenant and any other party (other than Landlord), Landlord may elect 
to retain such improvements or property, or enter the Premises and raze or remove same and Tenant hereby 
waives any claim or right of action with respect thereto. Tenant shall pay Landlord all Landlord’s costs related 
to such razing or removal, including, without limitation, storage and transportation. Tenant shall defend and 
save harmless Landlord from and against any claim or action by any party brought or asserted against Landlord 
with respectto such retention, razing, or removal. 

10. COMPLIANCE WITH LAW 

Except with respect to any Reserved Facilities, Tenant, at its own cost and expense, shall promptly 
comply with all present and future laws, regulations, and orders of all governmental authorities affecting 
Tenant’s use of the Premises (hereinafter collectively referred to as “Governmental Requirements”) whether 
or not Landlord shall be responsible primarily for compliance with such Governmental Requirements. 
Notwithstanding the aforesaid, in the event that compliance with Governmental Requirements involves work on 
property other than the Premises, then Landlord shall equitably apportion the cost for such work to Tenant 
taking into account: (i) the extent that such work arises from the existence of this Lease; (ii) Tenant’s use of the 
Premises; or (iii) the extent such work is related to the Premises. Tenant, at its sole cost and expense, shall be 
responsible for obtaining any permits or approvals required by reason of Tenants use or occupancy of the 
Premises, Tenant shall immediately provide to Landlord copies of: (a) notices of any violations of 
Governmental Requirements concerning the Premises; and (b) any applications, submissions, plans, studies, or 
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any data or information related to or associated with Tenant’s compliance with Governmental Requirements, 
including without limitation, any permits. 

11. ASSIGNMENT AND SUBLETTING 

Tenant shall not assign, hypothecate, license or transfer any portion of Tenant’s interest in this Lease or 
the Premises without the prior consent of Landlord, and any attempt to do so without such consent shall render 
same null and void. Tenant shall not permit any security interest in any third party to attach to the Premises or 
any part thereof, or any improvements or personal property now or hereafter placed or kept thereon, without the 
prior consent of Landlord, and any attempt to do so without such consent so shall render same null and void. 

12. LIABILITY 

12.1 Apportionment of Liability. Except as provided in Section 13, responsibility for Claims (as defined 
in Section 12.4) as between the parties shall be borne as follows: 

(i) Landlord shall be responsible for Claims arising from Landlord’s, and its directors’, officers’, 
employees’, agents’, contractors’, or subsidiaries’ negligence, and from Landlord’s failure to comply with its 
obligations under this Lease when such failure is a contributing cause to such Claims; 

(ii) Tenant shall be responsible for Claims arising from Tenant’s and its directors’, officers’, 
employees’, agents’, contractors’, or subsidiaries’ negligence, and from Tenant’s failure to comply with its 
obligations under this Lease when such failure is a contributing cause to such Claims; 

(iii) The parties shall share in proportion to their respective degree of responsibility for all 
Claims arising from their and their directors’, officers’, employees’, agents’, contractors’, or subsidiaries’ joint or 
concurring negligence or failure to comply with their respective obligations under this Lease when any such 
failure is a contributing cause to such Claims. If Landlord is subjected to any Claims under the Federal 
Employers’ Liability Act (“FEIA”) based on the allegation that Landlord failed with respect to the Premises to 
provide a safe place to work or failed to correct or guard against an unsafe condition, the standards of neg- 
ligence and causality established by FELA shall be applied in determining whether such Claims arose from the 
individual, joint or concurring negligence of Tenant and its directors, officers, employees, agents, subsidiaries 
and contractors . 

(iv) Tenant shall be responsible for Claims arising from the presence on or use of the 
Premises by any trespassers, vandals or other unauthorized persons. 

12.2 The negligence of any tenant, invitee, licensee or grantee of Tenant occurring on the Premises 
shall be deemed the negligence of Tenant. For the purposes of this Section 12, Landlord shall not be 
considered to be a tenant, invitee, licensee or grantee of Tenant. 

12.3 Indemnification and Waiver. Except as otherwise provided in Section 12.1 (iii), the party which is 
responsible for any Claim shall release the other party from all responsibility for such Claims and shall defend, 
protect, and save harmless the other party from and against all such Claims. Landlord and Tenant waive any 
constitutional, statutory or decisional immunity which would invalidate Landlord’s or Tenant’s obligation to 
indemnify the other party with respect to Claims asserted by employees of Landlord or Tenant. 

12.4 Definition of Claims. The word “Claims” as used in this Section 12 shall mean all ‘claims, 
liabilities, demands, actions at law and equity, judgments, settlements, losses, damages, and expenses of 
every character (including without limitation, attorneys’ fees) for any injury to or death of any person or persons, 
and for any damage to or loss or destruction of property of any kind caused by, arising out of, or occurring in 
connection with this Lease or incidental or appertaining thereto. Except as may otherwise be specifically set 
forth in this Lease, neither party shall be liable for consequential damages under this Lease. 
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13. ENVIRONMENTAL 

13.1 Apportionment of Responsibility. Notwithstanding the provisions of Section 10, Responsibility for 
Environmental Claims (as defined in Section 13.5) as between the parties shall be borne as follows: 

(i) Landlord shall be responsible for Environmental Claims arising from: (a) environmental 
conditions existing on the Premises prior to the date of this Lease; or (b) use of the Premises or adjoining 
property by Landlord, and its employees, agents, contractors, or subsidiaries from and after the date of this 
Lease pursuant to Section 5 unless such Environmental Claims arise from Tenant’s negligence or failure to 
comply with its obligations under this Lease, in which event Tenant shall be liable as set forth in Sections 
13.l(ii) or 13.l(iii); or (c) Landlord’s failure, or that of its directors, officers, employees, agents, licensees or 
contractors, to comply with its obligations under this Lease when such failure is a contributing cause to such 
Environmental Claims. 

(ii) Tenant shall be responsible for Environmental Claims arising from: (a) the use of or 
presence upon the Premises or adjoining property by Tenant and its employees, agents, contractors, 
subsidiaries, or any unauthorized third party; or (b) Tenant’s failure, or that of its directors, officers, employees, 
agents, licensees, contractors, subsidiaries, to comply with Tenant’s obligations under this Lease when such 
failure is a contributing cause to such Environmental Claims. 

(iii) The parties hereto shall bear in proportion to their respective degree of responsibility for 
Environmental Claims arising from the joint responsibility of Landlord and Tenant as set forth in Sections 
13.1(i) and 13.l(ii). 

13.2 Indemnification. Except as otherwise provided in Section 13.l(iii), the party which is responsible 
shall release the other party from all responsibility for such Environmental Claims and shall defend, protect and 
save harmless the other party from and against all such Environmental Claims. Neither party shall be liable to 
the other party for consequential damages, 

13.3 Environmental Remediation. 

(i) Remediation. Tenant shall immediately notify Landlord of any Release or threat of Release 
of any Hazardous Substances on or under the Premises, or any notice by any governmental entity with respect 
to a Release or threat of Release of any Hazardous Substances. Tenant shall permit Landlord and its 
contractors full, unrestricted and unconditional access to the Premises for the purpose of monitoring any 
Remediation conducted by Tenant, completing or engaging in a Remediation for which Landlord has any 
responsibility, or at Landlords option, completing any Remediation for which Ten,ant is responsible pursuant to 
Sections 13.1 (ii) or 13.l(iii) should Tenant fail to diligently pursue and complete such Remediation to the 
satisfaction of Landlord. Landlord’s completion of any of Tenant’s obligations hereunder shall not be deemed a 
waiver of Tenant’s obligations under this Lease. Tenant shall immediately provide Landlord with all analytical 
data, quality assurance data, quality control data, field notes, reports, correspondence (including without 
limitation, any correspondence with any governmental entities), and any other related documents concerning 
any Remediation conducted by Tenant, including any final reports. Landlord shall have the right to review and 
approve any site investigation or any Remediation conducted by Tenant prior to its implementation. Landlord 
shall have the right to be present at any meetings with any governmental entity or representative thereof 
regarding any Remediation conducted by Tenant. Tenant shall perform any Remediation and environmental 
work required of it under this Lease with due diligence and in a good and workmanlike manner and Landlord 
shall have the right to accept all such work. Tenant shall reimburse Landlord for all costs and expenses 
incurred by Landlord in reviewing and monitoring any Remediation which is Tenant’s responsibility under this 
Lease. 

(ii) Base Rent Abatement. In the event any Remediation is required, Tenant shall not be 
entitled to any damages, actual or consequential, by reason of the Remediation’s interference with Tenants use 
of the Premises or damage to Tenant’s property. If any Remediation results in a portion of the Premises being 
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rendered unusable by Tenant for the purposes set forth in Section 4 for a period in excess of five (5) 
consecutive days, the Base Rent shall be reduced pro rata to reflect the area of the Premises rendered 
unusable; however, there shall be no abatement in the Base Rent for any interference with Tenant’s use of the 
Premises due to a Remediation for which Tenant is either partially or wholly responsible pursuant to Sections 
13.1 (ii) or 13.1 (iii). 

13.4 Definition of “Environmental Claims”, “Hazardous Substances”, “Release”, and “Remediation”, 
The term “Environmental Claims” shall mean any cleanup, response, removal or remediation required by law 
including any Remediation ordered or required by a governmental entity related to the presence of any 
Hazardous Substances on the Premises or migrating therefrom affecting the air, soil, surface waters, ground 
waters, streams, -sediments and similar environmental conditions caused by, resulting from, arising out of, or 
occurring in connection with this Lease. The term “Hazardous Substances” shall mean (a) any oil, flammable 
substance, explosives, radioactive materials, hazardous waste or substances, toxic waste or substances or 
other waste materials, substances or pollutants which (i) pose a hazard to the Property or to persons on or 
about the Property or (ii) cause the Property to be in violation of any applicable law, ordinance or governmental 
regulation: (b) asbestos in any form which is or could become friable, urea formaldehyde foam insulation, 
transformers or equipment which contain dielectric fluid containing levels of polychlorinated biphenyls or radon 
gas: (c) any chemical, material or substance defined as or included in the definition of “hazardous substances”, 
“hazardous waste”, “hazardous materials”, “extremely hazardous waste , ” “restrictive hazardous waste” or “toxic 
substances” or word of similar import by any agency or court or.under any applicable local, state or federal law 
or under the regulations adopted or publications promulgated pursuant thereto and including but not limited to 
the Comprehensive Environmental Response Compensation and Liability Act , 42 U.S.C. 93 9601, et seq., as 
amended; the Resource Conservation and Recovery Act, 42 U.S.C. 99 6901, et seq., as amended; the 
Hazardous Materials Transportation Act, 42 U.S.C. §§ 1801, et seq. and the Federal Water Pollution Control 
Act, 32 U.S.C. §!j 1251, et seq.; (d) any other material or substance exposure to which is prohibited, limited or 
regulated by governmental authority or which may or could pose a hazard to the health and safety of the 
occupants of the Property or the owners or occupants of property adjacent to or surrounding the Property or any 
person coming upon the Property; and (e) any other chemical, materials or substance which may or could pose 
a hazard to the environment. The term “Release” shall have the meaning set forth in 42 U.S.C. Section 9601. 
The term “Remediation” shall mean any cleanup, response, removal mitigation, abatement, elimination or 
control of any Hazardous Substances as required by a governmental entity or law or the terms of this Lease. 

13.6 Tenant shall not disclose, or permit to be disclosed or published, except as required by law, any 
reports concerning data or other information relating to or arising out of any environmental studies of the 
Premises without the prior consent of Landlord. 

14. INSURANCE 

14.1 Tenant shall at all times during term of this Lease and any extensions thereof, maintain, at its own 
cost and expense insurance of the following types and amounts. 

(i) Workers’ Compensation insurance in statutory amounts. Employeh Liability insurance with 
limits of at least $1 ,OOO,OOO each accident, $1 ,OOO,OOO each employee and $1 ,OOO,OOO policy limit. 

(ii) Automobile Liability insurance with a limit of not less than $5,000,000 combined single limit, 
bodily injury and/or property damage per occurrence. 

(iii) Public Liability insurance, including contractual liability insurance, with a limit of not less than 
$5,000,000 combined single limit, bodily injury and/or property damage arising out of bodily injuries to or death 
of all persons in any one occurrence and for damage to or destruction of property, including the loss of use 
thereof, in any one occurrence. In addition, said public liability policy shall also contain a separate sublimit for 
fire damage of at least $500,000 for any one fire. 
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(iv) All Risk Property insurance covering (a) any building or other improvements leased to Tenant, 
and (b) personal property owned by Tenant, propertyin ienant’s care, custody and control, as well as leasehold 
improvements made by Tenant, in any amount not less than 100% of the full replacement cost thereof. Such 
insurance shall contain a waiver of subrogation against Landlord and shall name Landlord as Loss Payee as its 
interests may appear. 

14.2 Any Tenant’s insurance with respect to this Lease and/or the .Premises, or on the property of the 
Tenant, or in Tenant’s care, custody and control, shall contain a waiver of subrogation against Landlord. 

14.3 The insurance coverages set forth in this Section shall be enforceable by any legitimate claimant 
after the termination of this Lease, so long as the basis of the claim against the insurance company occurred 
during the periods of time for which such insurance was obtained. 

14.4 Tenant shall furnish Landlord certificates evidencing the insurance required by this Section prior 
to the commencement of this Lease. Landlord shall be named as additional insured on all such policies. 

14.5 All insurance obtained pursuant to this Lease shall be endorsed to provide that the insurance 
company shall give thirty (30) days prior written notice to Landlord if such policies are to be terminated or 
modified in any respect. All insurance obtained pursuant to this Section shall be effected under standard form 
policies issued by insurers of financial responsibility which are rated “A” or better by either “Bests Insurance 
Reports”, “Standard & Poor’s Insurance Rating Service” or “Moodys Investor Service”. 

14.6 If requested by Landlord, Tenant shall furnish additional insurance coverage against such other 
hazards as Landlord may require. The providing of any insurance pursuant to this Lease shall not be deemed a 
limitation on the liability of Tenant as provided in this Lease, but shall be additional security therefor. 

14.7 In the event of any substantial (of which fact Landlord shall be the sole judge) loss, damage to, or 
destruction of the Premises (if the Premises consist of a building or other similar improvements owned by 
Landlord), or any major system thereof, by any cause whatsoever, Landlord shall have the option, within thirty 
(30) days from the date thereof, of terminating this Lease by notice to Tenant, or, in the alternative, of requiring 
Tenant to repair such loss, damage, or destruction. If Landlord elects to terminate this Lease, such termination 
date shall be set forth in the notice from Landlord as aforesaid and Tenant shall forthwith endorse all insurance 
proceeds to Landlord. In the event Landlord elects to have Tenant repair such loss, damage or destruction, 
Tenant shall, within thirty (30) days of the date of Landlord’s notice as aforesaid, submit plans to Landlord for its 
approval prior to the commencement of any repair work. If Landlord elects to have such loss, damage or 
destruction repaired, and if the Premises shall have been rendered wholly untenantable by reason thereof, 
Base Rent shall abate from the date of such loss, damage or destruction until the date of completion of repairs. 
In the event the Premises are rendered only partially untenantable by such loss,‘damage or destruction, Base 
Rent shall continue in full force and effect for that portion of the Premises which remain tenantable, and Tenant 
shall proceed to repair the Premises after submitting plans to Landlord for its approval within thirty (30) days 
following such loss, damage or destruction. Upon approval by Landlord of Tenant’s repair plans, Tenant shall 
proceed immediately to commence such repairs and to diligently and continuously make same until completed 
at the earliest practicable date. In the event of a termination of this Lease by Landlord as aforesaid, all rent 
shall end as of the date of such loss, damage, or destruction, and any Base Rent paid beyond such date shall 
be refunded on a pro-rata basis to Tenant. Notwithstanding anything to the contrary set forth above, no loss, 
damage to or destruction of the Premises, either in whole or in part, shall relieve Tenant from its obligation to 
pay any Additional Rent due and payable on the Premises. 

14.8 Notwithstanding anything to the contrary in Section 14 
the aforesaid insurances, shall have the option to utilize its own 
insurance coverages. 
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15. CONDEMNATION 

If all or any part of the Premises shall be acquired or taken under eminent domain proceedings, or 
transferred to a public authority in lieu of such proceedings, Landlord may terminate this Lease as of the date 
when possession is taken. All damages awarded for such taking shall belong to and be the property of 
Landlord. Tenant shall have no claim against Landlord by reason of such taking or termination and shall not 
have any claim or right to any portion of the amount that may be awarded or paid to Landlord as a result of any 
such taking. Tenant may, however, make claims against the condemning authority for moving expenses, loss 
of fixtures, or other matters which do not affect the award otherwise payable to Landlord so long as such claim 
does not reduce the award otherwise payable to Landlord. 

_. ..- 

16. DEFAULTS AND REMEDIES; WAIVER OF REDEMPTION i 

16.1 Events of Defaults. If during the term of this Lease or any renewals thereto, any one or more of 
the following acts or occurrences (any one of such occurrences or acts being hereinafter called an “Event of 
Default”) shall happen: 

(i) Tenant shall fail to make the payment of any installment of Base Rent or Additional Rent or 
default in any other way curable by the payment of money, as and when the same shall be due and payable, 
and such failure shall continue for a period of five (5) days after notice thereof from Landlord to Tenant; or 

(ii) If Tenant assigns this Lease or sublets the Premises without Landlord’s consent as 
provided in Section 11; or 

(iii) Tenant shall file a voluntary petition in bankruptcy or shall be adjudicated bankrupt or 
insolvent, or shall file any petition or answer seeking any reorganization, composition, readjustment, liquidation, 
dissolution or similar relief under any present or future bankruptcy or other applicable law, or make an 
assignment for the benefit of its creditors, or shall seek or consent to or acquiesce in the appointment of any 
trustee, receiver, custodian or liquidator of Tenant or of all or any substantial portion of its assets; or 

(iv) If within sixty (60) days after the filing of an involuntary petition in+ bankruptcy against 
Tenant or the commencement of any proceeding against Tenant seeking any reorganization, composition, 
readjustment, liquidation, dissolution or similar relief under any present or future bankruptcy or other applicable 
law, such proceeding shall not have been dismissed; or if, within sixty (60) days after the appointment (without 
the consent or acquiescence of Tenant) of any trustee, receiver, custodian or liquidator of Tenant, or of all or 
any substantial part of the properties of Tenant or of all or any -part of the Premises, such appointment shall not 
have been vacated or stayed on appeal or otherwise discharged; or if, within sixty, (60) days after the expiration 
of any such stay, such appointment shall not have been vacated; or if within sixty (60) days after the taking of 
possession (without the consent or acquiescence of Tenant) of the property of Tenant by any governmental 
office or agency pursuant to statutory authority for the dissolution or liquidation of Tenant, such taking shall not 
have been vacated or stayed on appeal or otherwise discharged; or 

(V) Tenant shall fail in the strict observance or performance of or compliance with any of the 
other covenants, agreements, terms or conditions of this Lease to be observed or performed by Tenant (other 
than any Event of Default specifically described in this Section 16.1), and such failure shall continue for a 
period of fifteen (15) days after notice thereof from Landlord to Tenant (except for an Event of Default as set 
forth in Sections 16.1 (iii), (iv) and (vi), for which Landlord will not be required to give Tenant any notice and 
may exercise its remedies as set forth in Section 17) or, in the case of a failure which, with due diligence, 
cannot be cured within fifteen (15) days, Tenant shall fail to commence within said period of fifteen (15) days, 
or shall fail to thereafter diligently prosecute to completion, all steps necessary to remedy such default (it being 
intended that as to a default not susceptible of being cured with due diligence within fifteen (15) days, the time 
within which such default may be cured shall be extended for such period as may be reasonably necessary to 

permit the same to be cured with all due diligence which shall not exceed sixty (60) days); or 
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(vi) Tenant abandons or vacates the Premises or removes or attempts to remove any or all of 
Tenant’s property from the Premises other than in the ordinary and usual course of business; 

then, upon the occurrence of any one or more of such Events of Default, Landlord may exercise the rights set 
forth in Section 17 of this Lease or otherwise provided at law or in equity. 

16.2 Notwithstanding any provisions of this Lease permitting Tenant to cure an Event of Default, if an 
Event of Default (regardless of type) occurs more than two (2) times within any twelve (12) month period, then, 
notwithstanding that each such Event of Default shall have been cured, upon any further occurrence of any 
subsequent Event of Default within said twelve (12) month period, Landlord may exercise the remedies 
provided herein or at law or in equity upon giving notice as provided in Section 17.1 of this Lease without 
affording Tenant an opportunity to cure such Event of Default. ; 

17. LANDLORD’S RIGHTS UPON TENANT’S DEFAULT 

17.1 If any Event of Default occurs, Landlord may, in addition to any other remedies Landlord may 
have hereunder or at law or in equity, by notice to Tenant, designate a date, not less than five (5) days after the 
giving of such notice, on which this Lease shall terminate; and thereupon, on such date the lease term and the 
estate hereby granted shall expire and terminate with the same force and effect as if the date specified in such 
notice was the Expiration Date and all rights of Tenant hereunder shall terminate, but Tenant shall remain liable 
as provided in this Lease. 

17.2 If this Lease is terminated as provided in Section 17.1, or as permitted by law, Tenant shall 
peaceably quit and surrender the Premises to Landlord, and Landlord, without further notice, may enter upon, 
re-enter, possess and repossess the same by summary proceedings, ejectment or other legal proceeding, and 
in any such event neither Tenant nor any person claiming through or under Tenant by virtue of any law or an 
order of any court shall be entitled to possession or to remain in possession of the Premises but shall forthwith 
quit and surrender the Premises. Landlord at its option shall, notwithstanding any other provision of this Lease, 
be entitled to recover from Tenant as and for damages either: 

(i) an amount equal to the Present Value of all Base Rent and Additional Rent (conclusively 
presuming the Additional Rent to be the same as was payable for the calendar year immediately preceding 
such termination) reserved hereunder for the unexpired portion of the lease term, less an amount equal to the 
Present Value of the reasonable rental value of the Premises or portion thereof for the balance of the lease 
term after deducting from said rental value all costs and expenses which Landlord would incur in connection 
with the termination of this Lease and the reletting of the Premises or portion thereof (including, but not limited 
to, brokerage commissions, tenant improvement costs, attorneys’ fees and disbursements, rent concessions 
and all other related costs and expenses); or 

(ii) amounts equal to the Base Rent and Additional Rent (as presumed above) which would 
have been -payable by Tenant had this Lease not been terminated, or had Landlord not re-entered the 
Premises, payable on the date that such payments would have otherwise been payable following such 
termination and until the Expiration Date. Landlord shall attempt to relet the Premises. However, if Landlord 
shall relet the Premises during said period, Landlord shall credit Tenant with the net rents received by Landlord 
from such reletting, such net rents to be determined by first deducting from the gross rents as and when 
received by Landlord, the costs and expenses incurred or paid by Landlord from such reletting, including 
without limitation, expenses incurred or paid by Landlord in terminating this Lease or in m-entering the 
Premises and in securing possession thereof, as well as the expenses of reletting (including altering and 
preparing the Premises for new tenants and brokers’ commissions). It is understood that any such reletting 
may be for a period shorter or longer than the remaining lease term, but in no event shall Tenant be entitled to 
receive any excess of such net rents over the sums payable by Tenant to Landlord hereunder, nor shall Tenant 
be entitled in any suit for the collection of damages pursuant to this Subsection to a credit with respect of any 
net rents from a reletting, except to the extent that such net rents are actually received by Landlord. Suit or 
suits for the recovery of such damages, or any installments of such damages, may be brought by Landlord from 



Table 4-4 (continued) 

Total Dectector 1 - Radium-226 Dectector 2 - Uranium-228 

Date 
8/I 6196M 

Mass 
Processed 
(g x 106) 

10.82 

Total 
Activity 

(pCi x 106) 
36.94 

Activity (pCi/g) 
Contaminated Soil Clean Soil 

Average Maximum Average Maximum 
20.16 63.03 3.23 4.56 

Percent 
Reduction 
By Mass 

99.36 

Total 
Activity 

(pCi x 1 06) 
74.9 1 

Activity (pCi/g) 
Contaminated Soil Clean Soil 

Average Maximum Average Maximum 
22.20 50.67 6.72 9.87 

Percent 
Reduction 
By Mass 

99.09 
8/17/96h’ 118.43 332.94 28.23 561.41 2.34 4.55 98.99 456.25 24.00 208.00 3.53 1.50 98.92 
08119196 66.52 2,439.79 36.85 74.46 3.73 4.49 1.14 2.672.75 40.4 1 63.32 5.34 6.28 1.12 
81 I 9/96M 87.07 257.42 26.27 159.45 2.72 4.60 99.41 454.30 23.47 138.77 5.06 8.00 99.33 
08/20/96 164.27 5,942.80 36.23 70.59 -0.45 1.06 0.12 6.924.77 42.22 78.45 0.44 2.00 0.11 
0812 1196 151.69 2.864.56 19.05 71.63 4.23 4.58 1.43 3.584.39 23.81 67.71 8.11 9.18 1.40 
08/22/96 186.58 5.450.97 29.22 97.39 0.00 0.00 0.00 6.649.59 35.64 65.69 0 0 0.00 
08123196 181.71 5739.46 31.62 154.91 -1.86 -0.80 0.13 7,130.51 39.39 194.08 -1.66 -0.32 0.13 
08124196 175.76 5,3 19.87 30.27 152.25 0.00 0.00 0.00 6563.31 37.34 104.14 0.00 0.00 0.00 
08126196 159.40 4.804.40 30.14 110.32 0.00 0.00 0.00 5,867.94 36.8 I 86.73 0.00 0.00 0.00 
08/U/96 153.18 3.1051 I 27.87 168.28 3.16 4.56 32.94 3.946.17 34.17 318.95 4.49 7.34 32.91 
08128196 82.20 218.65 23.99 187.28 2.24 4.58 97.36 285.51 24.60 339.58 3.54 8.94 97.27 
08129196 187.52 201.21 31.40 178.75 0.93 3.59 99.73 337.52 31.30 455.08 1.69 5.57 99.7 1 

-- NBS Dala 4.722.19 57,453.91 25.08 355.14 2.06 4.68 56.09 74.703.02 32.39 549.38 3.15 20.18 54.97 
MSP Data 216.32 627.29 47.08 561.41 2.53 4.60 99.18 985.47 32.47 208.00 4.30 9.87 99.09 
All Dam 4.938.50 5.8081.21 25.10 561.41 2.09 4.68 57.97 75.688.49 32.39 549.38 3.24 20.18 56.96 

t2 
Note: All data is minus background and is derived from raw data packages provided by ThermoNuClean, Inc. Negative data indicate less than background levels of radioactivity. An ” denotes that the dam are from 

the processing of the MSP soils. Numbers in bold indicate soil used for backfill during site restoration. All connunimned soil was shipped for offsire disposal. 



19. WAIVER 

The waiver by Landlord of any breach of any term, Covenant, obligation or condition herein contained 
shall not be deemed to be a waiver of any subsequent breach Of the same or a waiver of any other term, 
covenant, obligation or condition herein contained. The subsequent acceptance by Landlord of any Base Rent 
or Additional Rent due hereunder or any or all other monetary obligations of Tenant hereunder, whether or not 
denoted as Base Rent or Additional Rent hereunder, shall not be deemed to be a waiver of any preceding 
breaph by Tenant, of any term, covenant, obligation or condition of this Lease, other than the failure of Tenant 
to make the particular payment so accepted, regardless of Landlord’s knowledge of such preceding breach at 
the time of acceptance of such rent. No covenant, term, obligation or condition of this Lease shall be deemed 
to have been waived by Landlord, unless such waiver is in a notice to Tenant executed by Landlord. 

20. NOTICES 

Every notice, approval, consent, or other communication desired or required under this Lease shall be 
effective only if the same shall be in writing and sent postage prepaid by overnight courter or United States 
registered or certified mail (or a similar mail service available at the time), directed to the other party at its 
address first set forth in this Lease, or such other address as either party may designate by notice given from 
time to time in accordance with this Section. Notice shall be deemed received upon the earlier to occur of 
actual receipt or three (3) days after deposit. 

21. SUCCESSORS 

The covenants and agreements herein contained shall inure to the benefit of and be binding upon the 
successors, heirs, personal representatives, and assigns of the parties hereto, subject, however, to the 
provisions of Section 12 of this Lease. 

22. QUIET ENJOYMENT 

Nothing herein contained shall imply or import a covenant on the part of Landlord for quiet enjoyment. 

23. ENTIRE AGREEMENT 

The entire agreement between Landlord and Tenant is set forth in this Lease and there are no 
understandings, agreements, or representations of any kind between the parties, verbal or otherwise, other than 
as set forth in this Lease. No change or modification of any of the covenants, te.rms or provisions hereof shall 
be valid unless in writing and signed by the parties hereto. 

24. HEADINGS 

The heading of each section and subsection of this Lease are for convenience only and it shall not 
affect any construction or interpretation of this Lease. 

25. RIGHT TO INSPECT AND EXHIBIT 

Landlord shall have the right to enter the Premises at reasonable hours in the day or night to examine 
and inspect the Premises, make such repairs, additions or alterations as it may deem necessary for the’safety, 
preservation or restoration of the Premises and the improvements, if any, located thereon (there being no 
obligation, however, on the part of Landlord to make any such inspections, repairs, additions or alterations), or 
to exhibit the Premises to prospective purchasers and Tenants for three (3) months prior to the expiration of the 
Lease Term. 
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26. LIENS 

Tenant shall provide to Landlord, prior to the commencement Of any construction, repair or rebuilding 
of the Premises, or any part thereof, original copies of waivers executed by every contractor, subcontractor, 
and materialman associated with such construction, repair or rebuilding waiving any right to file a mechanics or 
materialmans lien on the Premises. Tenant, not later than thirty (30) days. following the filing thereof against 
the Premises, shall remove any charge, lien, security interest or encumbrance upon the Premises, or any part 
thereof, which arises for any reason (other than by Landlord’s actions). Notice is hereby given that Landlord 
has not consented to, nor shall it be liable for, any labor, services or materials furnished or to be furnished to 
Tenant, or to anyone holding the Premises or any part thereof through or under Tenant, and that no mechanic’s 
or other liens for any such labor, services or materials shall attach to or affect the interest of Landlord in and to 
the Premises or any part thereof. 

27. RECORDING 

Tenant shall not record this Lease without the prior consent of Landlord. 

28. JOINT AND SEVERAL LIABILITY 

If two or more individuals, corporations, partnerships or other .business associations (or any 
combination of two more thereof) shall sign this Lease as Tenant, the liability of each individual, corporation, 
partnership or other business association to perform all covenants, obligations or conditions hereunder shall be 
deemed to be joint and several, and all notices, payments and agreements given or made by, with or to any 
one of such individuals, corporations, partnerships or other business associations shall be deemed to have 
been given or made by, with or to all of them. In like manner, if Tenant shall be a partnership or other business 
association, the members which are, by virtue of state or federal law, subject to personal liability, the liability of 
each such member shall be joint and several. 

29. PARTIAL INVALIDITY; SEPARATE COVENANTS 

A determination that any term, covenant, obligation or condition of this Lease is invalid or 
unenforceable to any extent shall not affect the validity or enforceability of any other part of this Lease. 

30. BROKERAGE COMMISSION 

Tenant represents and warrants to Landlord that Tenant has had no dealings, negotiations or 
consultations with respect to the Premises or this transaction with any broker or, finder, and that no broker or 
finder called the Premises to Tenant’s attention for lease. in the event any broker or finder claims to have 
submitted the Premises, or to have taken part in any dealings, negotiations or consultations with respect to the 
Premises or this transaction, then Tenant shall be responsible for and will defend, indemnify and save Landlord 
harmless from and against all costs, fees (including without limitation attorneys’ fees), expenses, liabilities and 
claims incurred or suffered by Landlord as a result thereof. 

31. HOLDING OVER 

Should Tenant hold over in possession of the Premises or any portion thereof after the expiration of the 
term Of this Lease or sooner termination as provided by this Lease without the execution of a new lease 
agreement or renewal agreement, Tenant, at the option of Landlord, shall be deemed to be occupying the 
entire Premises from month to month, subject to such occupancy being terminated by either party upon thirty 
(30) days notice to the other party, at a monthly rental equal to 200% of Base Rent due for the month 
immediately preceding the termination of this Lease, and otherwise subject to all the other terms, covenants, 
obligations and conditions of this Lease insofar as the same may be applicable to a month to month tenancy, 
including the payment of all Additional Rent as defined in this Lease. The acceptance of rent by Landlord shall 
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not be evidence that Landlord has exercised its option to treat Tenant as a holdover tenant pursuant to the 
option set forth above. 

32. THIRD PARTY BENEFICIARY 

Nothing contained in this Lease shall be construed as to confer upon any other party the rights of a third 
party beneficiary. 

33. APPLICABLE LAW 

This Lease shall be governed by the laws of the State in which the Premises are located. 

34. SURVIVAL 
/ 

Any covenant, obligation or liability which arose, may have arisen or was incurred by either party hereto 
prior to the termination of this Lease shall survive the termination of this Lease. 

35. AUTHORITY 

If Tenant is a partnership or corporation, Tenant represents and warrants to Landlord that it is duly 
formed and in good standing, and has full corporate or partnership power and authority, as the case may be, to 
enter into this Lease and has taken all corporate or partnership action, as the case may be, necessary to carry 
out the transaction contemplated herein, so that when executed, this Lease constitutes a valid and binding 
obligation enforceable in accordance with its terms. Tenant shall provide Landlord with corporate resolutions or 
other proof in a form acceptable to Landlord, authorizing. the execution of the Lease at the time of such 
execution. 

36. ADDITIONAL PROVISIONS, EXHIBITS AND ADDENDA 

The provisions typed on this page and any exhibit or addendum to this Lease shall be deemed a part 
hereof. This lease includes Sidetrack Addendum to Property Lease (Pages 16 and 17), Exhibit ‘A” (Lease 
Plan), Exhibit ‘B” (Materials Handling Checklist), and Response to Exhibit ‘B’. 

IN WITNESS WHEREOF, the parties have executed this Lease as of the date first set forth above. 

WITNESS: CONSOLIDATED RAIL CORPO!UiTlON (LANDLORD) 

WITNESS (ATTEST IF CORP.): UNITED STATES DEPARTMENT OF ENERGY (TENANT) 

By: 



’ . 
*. Y. 

Revised 9195 
Landlord’s Rent 

Account Number: 
29- 0 

WHEREAS, UNITED STATES DEPARTMENT OF ENERGY (Tenant) has leased the property located 
at rear of-How Lane and Jersey Avenue being part of Lot 3.01 and 17 in Block 598, containing 10,000 sq. ft. of 
land and 250 feet of track thereon, situate in the City of New Brunswick, County of Middlesex, and State of New 
Jersey, , near Line Code 1401, Mile Post 33.8, as more fully described in the lease dated the 
day of I 1996 between Landlord and Tenant (the “Lease”); and 

WHEREAS, Tenant desires that the track and the underlying right-of-way shown on plan dated August 
23, 1996, attached to the Lease as Exhibit A (such track facilities being collectively referred to as the 
‘Sidetrack”), to be used by Landlord in providing freight rail service to the Premises subject to the terms, 
obligations and covenants set forth in the Lease; and 

WHEREAS, the Landlord and Tenant wish to execute an addendum to the Lease, in order to set forth 
the additional terms and conditions for the use and operation of the Sidetrack. 

The parties, intending to be legally bound, agree as follows: 

ARTICLE 1 
MAINTENANCE 

1.1 The Sidetrack shall be maintained by Tenant to a minimum of Federal Railroad Administration 
Class I Track Standards. Tenant shall be subject to Landlord’s Tariff Maintenance Charge for Industrial Switch 
Connections, attached hereto as Attachment ‘l”, and all reissues and supplements thereto, wherein the word 
“owner” shall mean Tenant. 

1.2 The parties recognize that some public authorities may not have jurisdiction over Tenant as to 
clearances, bridges or highway-railroad crossings affecting the Sidetrack, and that such bodies may direct 
Landlord to take actions regarding such matters. Any expense incurred by Landlord in complying with such 
directions shall be billed to Tenant, which shall reimburse Landlord as Additional Rent. This Section 1.2 shall 
survive termination of the Lease. 

ARTICLE 2 
USE 

2.1 Landlord shall have the right to use the Sidetrack, but may not unreasonably interfere with the 
use thereof by Tenant. 

2.2 Landlord retains the right to construct and use additional switch connections on that portion of 
the Sidetrack located on Landlord’s property when such additional sidetracks may be necessary in the conduct 
of its business. 

2.3 The parties shall comply with (i) all applicable federal, state, and local laws, rules, regulations 
or orders pertaining to shipments originating or terminating on the Sidetrack and (ii) Landlord’s Technical 
Specifications for Industrial Sidetrack. 

-15 .. 



2.4 Tenant shall not grant or otherwise authorize any rights to establish vehicular or pedestrian 
grade crossings over tile Sidetrack without the prior consent of Landlord. 

2.5 Landlord may enter upon Tenant’s property for the purpose’of inspecting, repairing or operating 
over the Sidetrack, but Landlord shall have no duty or obligation to engage in such activities. 

ARTICLE 3 
CHANGES 

Tenant shall not make any changes in the Sidetrack without the prior consent of Landlord. Changes in 
the Sidetrack necessary to comply with the requirements of a public authority as necessitated by Tenant’s 
use of the Sidetrack shall, following the receipt of notice from Landlord, be made by Tenant at Tenant’s sole 
expense. If Landlord incurs any expense in connection with any such change, such expense shall be billed to 
Tenant as Additional Rent. 

ARTICLE 4 
CLEARANCES 

Tenant shall not construct or permit any obstruction over the Sidetrack less than the statutory limit or 
23’ above top of rail, whichever is greater, or alongside thereof less than the statutory limit or 8’6” from center 
of track, whichever is greater (and with the necessary additional clearances on curves), without the prior 
approval of Landlord and any public authority having jurisdiction. Such minimum clearances may be changed 
by Landlord to meet legal requirements and Tenant shall, at its sole expense, upon notice from Landlord, make 
such changes in the Sidetrack as may be necessary. 

ARTICLE 5 
DISCONTINUANCE 

Landlord shall not be responsible for any loss or damage sustained by Tenant as a consequence of any 
temporary or permanent elimination of the Sidetrack, or service thereon, due to circumstances beyond 
Landlord’s reasonable control. Landlord may suspend rail service in the event Tenant breaches any of the 
covenants in this Lease, and such suspension may continue until such breach is remedied. 

ARTICLE 6 
LEASE PROVISIONS 

In the event that any provision of this Addendum conflicts with the terms set forth in the Lease, then the 
terms set foi-th in the Lease shall govern. Terms defined in the Lease and used in this Addendum shall be 
deemed to have the same meaning as set forth in the Lease. 

ARTICLE 7 
INDUSTRY TERMINOLOGY 

All words, terms, and phrases used in this Addendum shall be construed in accordance with their 
generally applicable meaning in the railroad industry. 
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EXHIBIT “B” 

MATERIALS HANDLING CHECKLIST 

TENANT TO PROVIDE THE FOLLOWING INFORMATION FOR THE 
LOADING OF RADIO ACTIVE SOILS AS SET FORTH IN SECTION 4 OF THIS 
LEASE BETWEEN CONSOLIDATED RAIL CORPORATION (AS LANDLORD) 
AND UNITED STATES DEPARTMENT OF ENERGY{ AS TENANT) FOR 
PROPERTY LOCATED OFF HOW LANE AND JERSEY AVENUE AND BEING 
PART OF LOT 3.01 AND LOT 17 IN BLOCK 598, SITUATE IN THE CITY OF 
NEW BRUNSWICK, MIDDLESEX COUNTY, NEW JERSEY: 

1. NAME AND CLASS OF COMMODITY OR COMMODITIES 

2. PLACARD CODE AND STCC NUMBER 

3. REQUIRED PERMITS AND GOVERNMENTAL APPROVALS 

4. PROPOSED PREVENTION AND RESPONSE PLAN FOR ANY NEEDED 
REMFDIATION 

5. TYPE OF OPERATION 

6. PRODUCT BULLETINS AND WASTE CHARACTERIZATION FORMS 

7. DRAINAGE (STORM SEWERS, DITCHES SANITARY) 

8. SPILL PREVENTION PLANS 
a. PERSONNEL TRAINING AND RESPONSIBILITY 
b ACTIONS TO PREVENT INCIDENT 

9. SPILL RESPONSE PLANS 
a. WHO REPORTS A SPILL 
b. RESPONSE AND CONTAINMENT MEASURES 
c. MOBILIZATION MEASURES FOR LARGE RELEASE 

10. HOUSEKEEPING PRACTICES 
a. SOLID AND LIQUID WASTE REMOVAL 
b. SECURITY 

11. PERSONNEL SAFETY PLANS 
a. OPERATIONS TRUCK TRAFFIC 
b. COORDINATIO,N WITH LANDLORD’S SAFETY DEPARTMENT 

1OFl 
BETELEXB.DOC 



Exhibit C 

New Brunswick Site Loading Plan 

The Department of Energy (DOE) owns a site along Conrail’s Delco spur in New Brunswick, 
New Jersey. The site is Lot 6 on the enclosed tax map. A portion of the site became 
contaminated when a soil that contained radioactivity was used as backfill on the property. 
Current plans are for Bechtel, as DOE’s contractor, to excavate this soil and ship it in gondolas 
to a disposal facility in Utah. 

Because of the low level of radioactivity in the soil, the material is not normally considered to 
be a DOT hazardous material. However, when the material is shipped by gondola, there 
typically will be enough radionuclides in the gondola to qualify the material as a hazardous 
substance. The material will be shipped as an RQ Environmentally hazardous substance, solid, 
n.o.s., Class 9, UN3077, PG ITJ. If a gondola is not filled and there is not an RQ of 
radionuclides (for instance, the last gondola), the material will be shipped as an unregulated 
(non-hazardous) material. 

As currently planned. the material that is to be shipped in gondolas will not be excavated and 
stockpiled until a few days before the loading campaign starts. Until it is excavated, we can 
only approximate the volume of material that will be shipped. The assumed volume of material 
is equivalent to 43 95-100 ton gondolas. The loading will take place during approximately a 
‘WIO or three week period during September, 1996. Between two and ten gondolas will be 
loaded each week day. However, no loading will take place in the rain. 

Gondola loading will take place on the Delco spur at the southeast comer of the DOE property. 
A gate will be installed in the existing fence to ahow access between the excavation site and the 
track during working hours. Bechtel will perform radiological sampling of the spur prior to use 
of the loading site. A gravel haul road will be established through the gate and along the spur. 
This haul road will not interfere with normal railroad operations. The railroad’s property will 
be protected from contamination by use of erosion and sediment control between the 
excavation and the spur, careful transport of the soil to the spur, controlled dumping of the soil 
into the gondola, and extensive’ radiological monitoring of the area. At the end of the shipping 
campaign, Bechtel will perform radiological sampling of the spur to ensure that the area is not 
contaminated. Unless specifically requested by the railroad, Bechtel will leave the gravel haul 
road in place along the spur. The locked fence gate will also be left in place. 

Because a train passes the loading site twice a day, we will coordinate with the local 
Trainmaster regarding construction activities; car delivery, pickup, and switching; and 
protection from the train. The gondolas will be chocked after they are delivered by the 
Engineer. Bechtel does not plan to move the cars once they are positioned. 

After the cars are delivered, Bechtel will inspect them for cleanliness and structural 
acceptability. Once accepted, any sharp or rough area will be covered with padding to protect 



MIDDLESEX SAMPLING PLANT 
MIDDLESEX, NEW JERSEY 

OWNER HISTORY 

1943-1950: American Marietta Company 
1950-Present: U.S. Government 

SITE LOCATION 

The site is located in Middlesex, New Jersey, and contains six buildings on 9.6 acres. 
Some portions of the adjacent and nearby properties, especially along the south border, 
have significantly contaminated soil. Two nonadjacent private properties have also 
been identified as having cbntaminated soil from the Middlesex Sampling Plant: the 
Our Lady of Mount Virgin Catholic Church at 650 Harris Avenue, Middlesex, New 
Jersey, and the private residence at 432 Williams Street, Piscataway, New Jersey. 

MED/AEC SITE USE 
This facility, also known as Percy’s Warehouse, was used for the sampling, weighing, 
assaying, and storage of uranium and thorium ores. The uranium sampling operations 
were conducted between November 1943 and February 1955. The bulk of the Belgian 
Congo uranium ores and other uranium ores used by the United States were handled at 
this site. The residue from the processing of these ores was temporarily stored at 
Middlesex prior to its return to the vendor. There are indications that the site was 
also used as an interim holding site for disposition of various research-related and 
decontamination wastes. Following the termination of the uranium-sampling opera- 
tions, the primary AEC activities at the plant involved the sampling and storage of 
thorium materials and residue. All AEC activities at the site terminated in September 
1967 with the conclusion of the decontamination of the site and certification of the 
site for unrestricted disposal. 

POST MED/AEC SITE USE 

The site was used by the U.S. Marine Corps for their 6th Motor Transport Battalion 
reserve training from 1969 to approximately 1975. The site is presently in the 
custodial care of the DOE. Access is restricted by a ‘/-foot-high chain-link fence. 

RADIOLOGICAL HISTORY 

Prior to 1967, the AEC contracted Isotopes, Inc., to decontaminate the site. The AEC 
Health and Nuclear Safety Branch performed a follow-up survey and additional 
decontamination. Upon completion of this decontamination on September 2, 1967, Oak 
Ridge Operations certified the site for unrestricted disposal. Decontamination 
required sandblasting, vacuuming, detergent and acid washing, concrete chipping, 
equipment removal, and in cases of severe contamination, building member removal. 
Waste was transported by rail to a Nuclear Fuel Services licensed burial site at West 
Valley, New York. A radiological survey was completed under the FUSRAP in May 
1976. 

Results of the 1976 survey indicate surface contamination levels on the former plant 
site exceed the Nuclear Regulatory Commission guidelines, and radon concentration 
levels exceed the nonoccupational maximum permissible concentration (10 CFR 20) in 
some structures. These results indicate the possible need for extensive radon and 
radon daughter measurements in structures both onsite and offsite over periods as 
recommended in.10 CFR 712 for structures in Grand Junction, Colorado. As a result 
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EXHIBIT D 

Response to “EXHIBIT B” of CONRAIL Property Lease Agreement 
MATERIALS HANDLING CHECKLIST 

ITEM 1. NAME AND CLASS OF COMMODITY OR COMMODITIES 
Hazard Class 9, Environmentally Hazardous Substance. 

ITEM 2. PLACARD CODE AND STCC NUMBER 
The shipment will be marked with the identification number 3077 on a Class 9 

placard. The STCC code is 49-60 l-6 1. 

ITEM 3. REQUIRED PERMITS AND GOVERNMENTAL APPROVALS 
No permits and/or governmental approvals are required for this operation. 

ITEMS 4. PROPOSED PREVENTION AND RESPONSE PLAN FOR ANY NEEDED 
REMEDIATION, 8. SPILL PREVENTION PLANS a. PERSONNEL TRAINING AND 
RESPONSIBLITY & b. ACTIONS TO PREVENT INCIDENT, AND 9. SPILL 
RESPONSE PLANS a. WHO REPORTS A SPILL, b. RESPONSE AND 
CONTAINMENT MEASURES, & c. MOBILIZATION MEASURES FOR LARGE 
RELEASE 

Bechtel National, Inc., is performing site remediation activities on the DOE property 
adjacent to the Conrail track and will be responsible for loading gondolas on that track. As 
part of its corporate culture, Bechtel takes seriously its responsibility not to pollute the 
environment with spills. Our experience with preventing the spread of radioactive 
contamination makes us keenly aware of the importance of spill prevention. Bechtel has a 
site emergency response team that has been trained in how to respond to spills. Emergency 
response and notification activities are specified in Bechtel’s Emergency Response and 
Notification Handbook and the site’s Health and Safety Plan. 

Bechtel has staffed the gondola loading operation with personnel experienced in 
loading radiologically contaminated soil into gondolas. Bechtel’s supervisory staff will 
include a site superintendent,. transportation engineer, safety and health engineer, and 
radiological technicians. The site superintendent is responsible for activities associated with 
spill prevention, spill response and remediation. Bechtel will use experienced equipment . 
operators and laborers. Bechtel will be using the same type of gondola liner and the same 
loading techniques that have been successful at other sites. 

The largest contributor to spill prevention will be to limit the activities that will be 
performed on Conrail property. The front end loader that will load the gondolas will operate 
in radiologically clean areas only; the only part of the front end loader that will be 
contaminated will be the inside of the bucket. The loader will proceed with the soil from the 
clean area on DOE property to the Conrail track. The front end loader will be large enough 
to easily dump the soil into the gondola. The chance of spilling will be reduced by limiting 



the amount of soil that will be carried in the bucket. As noted in lease Item 4.2, a plastic 
liner will be placed on the ground to capture any spilled residue. Once the soil has been 
dumped into the gondola, there is little likelihood that it will migrate. Windborne migration 
of the soil will not be a problem because we need to keep the soil moist enough to ensure 
that there is no uptake into the workers’ respiratory systems. Radiological technicians will 
actively monitor any suspected spill area so it can be cleaned up. Because loading will be 
curtailed in the rain, the chance of any migration of material will be limited. 

Besides the contaminated dirt the only other plausible material that would spill 
would be fluids for the front end loader. This would include diesel fuel, engine coolant, and 
hydraulic fluid. To prevent the spilling of these materials, no fueling or equipment 
maintenance will take place on Conrail property. Also, Bechtel will not be using old 
equipment which would have a greater chance of hydraulic hose failure. 

Even though we will place great emphasis on spill prevention, we nevertheless have 
a spill response plan in place. To ensure that there is little chance that a spill would run off or 
be washed away by rain, the approach to the railroad tracks has been graded level. The area 
up to the rail ties has been covered with a geotextile material and that material has been 
covered with compacted crushed stone. This arrangement will allow spilled material to be 
captured. The site also has a spill response kit which includes materials to contain a spill. 
Site personnel are trained in the use of the kit. A portion of the site’s emergency response 
plans deal with making notifications; this would be applicable to making spill related 
notifications. 

Once a spill is contained, the resources are already on site to clean up the spill; our 
people and equipment are doing remediation work on the adjacent property. We also have 
the testing and monitoring capabilities in place. Disposal options are also in place. The 
cleanup would be facilitated by the site modifications that were discussed in the previous 
paragraph. The remediation of a spill would be conducted in a manner similar to our current 
remediation work. Lease Item 13.3, Environmental Remediation, would be applicable to 
these remediation activities. 

ITEM 5. TYPE OF OPERATION 
The type of operation to be perfomed under this lease is described as a gondola 

loading operation. Bechtel will be using gondola loading techniques that have been 
successful at other sites. 

ITEM 6. PRODUCT BULLETINS AND WASTE CHARACTERIZATION FORMS 
The Department of Energy (DOE) owns a site along Conrail’s Delco spur in New 

Brunswick, New Jersey. A portion of the site became contaminated when a soil that 
contained radioactivity was used as backfill on the property. Bechtel, as DOE’s contractor, 
has excavated this soil and will be shipping it in gondolas to a disposal facility in Utah. 

The New Brunswick waste consists of radiologically contaminated soil. Besides the 
soil, excavation of the area produced some large rocks (-2’ x 2’ x < 1 O”), smaller rocks, and 
concrete and other building material. Old railroad ties were also excavated. This non-soil 
material makes up about 5% of the waste. Plastic and rubber, consisting primarily of 
gondola liners and personal protective equipment, comprise 1% of the waste. 
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The waste has been extensively characterized for physical, chemical, radiological, 
RCRA, and TSCA characteristics. 

Tests for TCLP metals, volatiles, semi-volatiles, pesticides, herbicides, inorganics, 
and PCBs show that the waste is not a RCRA or TSCA waste. 

Average radionuclide concentrations in the waste are Natural Uranium 61 pCi/g, Th- 
230 32 pCi/g, Ra-226 20 pCi/g, and Th-232 2 pCi/g. Because of the low level of 
radioactivity in the waste, the material is not normally considered to be a DOT hazardous 
material. However, when the material is shipped by gondola, there typically will be enough 
radionuclides in the gondola to qualify the material as a hazardous substance. The material 
will be shipped as an RQ Environmentally hazardous substance, solid, n.o.s., Class 9, 
UN3077, PG III (radionuclides). If a gondola is not filled and there is not an RQ of 
radionuclides (for instance, the last gondola), the material will be shipped as an unregulated 
(non-hazardous) material. 

ITEM 7. DRAINAGE (STORM SEWERS, DITCHES SANITARY) 
There are no storm or sanitary sewer inlets in the area where gondola loading 

operations will be conducted. There are no ditches or other pathways to waterways. To 
ensure that there is little chance that a spill would run off or be washed away by rain, the 
approach to the railroad tracks has been graded level. The area up to the rail ties has been 
covered with a geotextile material and that material has been covered with compacted 
crushed stone. 

ITEM 10. HOUSEKEEPING PRACTICES a. SOLID AND LIQUID WATE REMOVAL 
b. SECURITY 

Bechtel National, Inc., is performing site remediation activities on the DOE property 
adjacent to the Conrail track and will be responsible for loading gondolas on that track. The 
number and extent of activities to be performed on Conrail property is very limited; they 
consist primarily of installing gondola liners, dumping soil into the gondolas, and securing 
the liners prior to shipment. Housekeeping (e.g. solid and liquid waste removal) and 
maintenance activities will take place on DOE property. 

Bechtel has a contract with a security firm to provide site protection personnel any 
time Bechtel personnel are not there. 

ITEM 11. PERSONNEL SAFETY PLANS a. OPERATIONS TRUCK TRAFFIC b. 
COORDINATION WITH LANDLORD’S SAFETY DEPARTMENT 

Activities that take place on Conrail property are covered by Bechtel’s Health and 
Safety Plan for the New Brunswick Site. Individual activities such as the gondola loading 
operation are performed in accordance with Work Instructions and individual Hazardous 
Work Permits. The Plan, instructions, and permits combine to ensure that all known and 
expected hazards at the site have been or will be factored into the work planning and 
emergency planning process, and to specify the health and safety requirements based in the 

3 



existing site conditions. Bechtel’s Zero Accident policy requires strict adherence with these 
documents. 

Because of Conrail’s knowledge regarding the hazards of working on their tracks, we 
have already contacted Conrail for information to ensure a safe operation. 
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DESCRIPTION OF THE FORMERLY UTILIZED 
SITES REMEDIAL ACTION PROCRAM l 

1.0 Introduction 

The background and the results to date of the Department of Energy program to 
identify and evaluate the radiological conditions at sites formerly utilized by the 
Corps of Engineers’ Manhattan Engineer District (MED) and the U.S. Atomic Energy 
Commission (AEc) are summarized in section 2.0. The sites of concern were 
federally, privately, and institutionally owned and were used primarily for research, 
processing, and storage of uranium and thorium ores, concentrates, or residues. Some 
sites were subsequently released for other purposes without radiological restriction. 
Surveys have been conducted since 1974 to document radiological conditions at such 
sites. Based on radiological surveys, sites are identified in this document that require, 
or are projected to require, remedial action to remove potential restrictions on the use 
of the property due to the presence of residual low-level radioactive contamination. 
Specific recommendations for each site will result from more detailed environmental 
and engineering surveys to be conducted at those sites and, if necessary, an 
environmental impact assessment or environmental impact statement will be prepared. 
Section 3.0 describes the current standards and guidelines now being used to 
conduct remedial actions. Current authority of the U.S. Department of Energy (DOE) 
to proceed with remedial actions and the new authority required are summarized in 
section 4.0. A plan to implement the Formerly Utilized Sites Remedial” Action 
Program (FUSRAP) in accordance with the new authority is presented in section 5.0, 
induding the objectives, scope, general approach, and a summary schedule. Key issues 
affecting schedule and cost are discussed in section 6.0. 

2.0 Background 

Historical Records Review --- , 

The original program for the development and use of atomic energy, established under 
the MED and later continued by the AEC, involved the development of technology and 
the production of nudear materials for national defense and security. The program 
was conducted under very stringent security restrictions and, at contract termination 
of the MED/AEC activities, the sites involved were decontaminated according to the 
health and safety criteria and guidelines then in use and applied on a site-specific 
basis. However, radiological criteria for releasing these sites for unrestricted use 
have changed and some criteria are still being developed. Therefore, to define the 
radiological condition of these sites in light of the changing environmental criteria and 
standards, a records search was begun in 1974. 

In many instances, documentation of the MED/AEC activities at these sites was 
destroyed in compliance with Government Records Management practices. Many of 
the radiological records covering the extent of deanup actions are incomplete. Also, 
many of the sites have changed ownership and are presently used for other purposes. 
in some cases, buildings have been modified or the earlier MED/AEC facilities no 
longer exist. 

*Much of the information presented in this document was extracted from a draft of “A 
Background Report for the Formerly Utilized MED/AEC Sites Remedial Action 
Program,” prepared for the Environmintal Control Technology Division, Assistant 
Secretary for Environment, U.S. Department of Energy, by the Aerospace Corporation, 
March 1980. 
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AEC/ERDA/DOE Site Survey Program 

In early 1974, the AEC initiated a survey program to identify all formerly utilized 
sites involved with nuclear materials and to determine their radiological status. The 
responsibility fer this survey was assigned to the Division of Operational Safety. At 
that time, all divisions and field offices of the AEC were required to search their files 
to identify any such former government-owned or leased sites and facilities that had 
been used in the research or production activities of the MED and the AEC. In 
addition, the files were searched for records identifying the radiological conditions at 
the termination of the MED/AEC activities and/or the transfer of custodial responsi- 
bility for such sites, the current radiological condition of the sites, and the land-use 
and ownership data. This effort identified many additional sites for which pertinent 
information was lacking or was insufficient to determine their radiological conditions. 

On January 19, 1975, the AEC was abolished and its programmatic responsibilities 
transferred to the Energy Research and Development Administration (ERDA) which 
continued the activities of the survey program. Contacts were made with former and 
current owners and site visits were conducted under the direction of the ERDA field 
offices to determine the need for radiological surveys. If radiological surveys were 
determined to be necessary, the permission of the site owners was obtained and a press 
release was issued to inform the public of the survey work. Subsequent survey results 
were also issued in a public press release and were published in a radiological survey 
report that analyzed the significance of the findings with respect to the potential risks 
to the public health. 

Pursuant to the DOE Organization Act of 1977, the functions and authority of the 
ERDA were transferred to the DOE. in the DOE, the Assistant Secretary for the 
Environment (ASEV) was assigned the responsibility’for the site-survey program. The 
results of several site surveys clearly indicated that some remedial action would be 
needed, not only on the former sites, but also on adjacent or remote properties that 
had become contaminated from the original processing site. Due to the importance of 
this effort, the ASEV initiated the FUSRAP and drafted a generic plan to identify all 
formerly utilized sites and to resolve any site radiological problems. Using this 
generic plan as a guide, in mid-1979 responsibility for the FUSRAP activities was 
divided between the ASEV and the Assistant Secretary for Energy Technology (now 
Assistant Secretary for Nuclear Energy [ASNEIL The ASEV is responsible for 
identifying the sites, characterizing the radiological condition, determining the need 
for remedial action at the sites, and ultimately for certifying the post-remedial action 
radiological condition of the FUSRAP sites. The ASNE is responsible for implementing 
the required remedial actions, including suitable disposal or stabilization of residual 
material. . 

Overview of MED/AEC Activities 

In 1942, under the jurisdiction of the U.S. Army, the MED was established as the 
agency responsible for the development of nuclear materials for national defense and 
security. The authority for process development, engineering design, procurement of 
materials, and site selection associated with the nuclear materials program was 
transferred to the MED from the Office of Scientific Research and Development, 

I Department of the Army. The headquarters for the MED, originally established in 
New York, was transferred to Oak Ridge, Tennessee, in 1943. 

On December 31, 1946, the MED was deactivated and its responsibilities were 
transferred to the newly constituted AEC. During the 1942 to 1946 time period, there 



were more than 10 contractors and several hundred subcontractors involved in the 
production, research, and development operations. These contractors included indus 
trial concerns, universities, and other scientific organizations. In contrast to the 
highly centralized operation of the MED, the AEC decentralized and established five 
major centers of operation (New York City, New York; Santa Fe, New Mexico; Oak 
Ridge, Tennessee; Hanford, Washington; and Chicago, Illinois). The AEC continued the 
MED practice of contracting with industrial concerns and academic institutions to 
perform the actual operations. 

The most readily available source of historical information on the early activities of 
the MED/AEC is A History of the United States Atomic Energy Commission, Volume 
I - The New World and Volume 11 - Forging the Atomic Shield. A synopsis of the 
procurement, storage, and processing of the raw materials containing uranium is 
presented here to give the reader a general overview of the MED/AEC activities. 

Uranium Procurement. The MED relied on three sources of uranium during the war 
years. About two-thirds came from mines in the Belgian Congo, slightly more than 
one-sixth from mines near Great Bear Lake in Canada, and the remainder from 
American ores, which in reality were tailings from vanadium refinery operations. 

African Sources. At the beginning of the nuclear program in the late 1930s and early 
194Os, it was determined that, while there were significant quantities of uranium ore 
available in Czechoslovakia and Canada, the most important sources, by far, were in 
the mines of the Belgian Congo. The supplies of ore in the United States were not 
considered extensive and, with the growing interest in uranium, Germany ceased all 
sales of the Czechoslovakian ores. As a result of this, plus the German takeover of 
Belgium and the increased German activity in Africa, the United States, Great Britian, 
and Canada made an all-out effort to obtain as much of the Belgian Congo ore 
(pitchblende) as quickly as possible to guarante adequate supplies of uranium for the 
war period. Through activities that began in September 1942, the United States was 
able to purchase all of the above-ground supplies of uranium ore from the Belgian 
Congo. This included 1,200 tons of ore (65 percent uranium) from African Metals’ 
predecessor, Union Miniere, that had been imported to the United States in 1940 and 
stored in the Archer-Daniels Midland Company warehouse, Port Richmond, Staten 
Island, New York, and some 3,000 tons of similar ore still in the Congo. By the end of 
1944, the U.S. Army had received approximately 3,700 tons of Congo ore.* The 
amount of ore being received far exceeded the processing capacity in North America 
at that time, and the ores had to be stored. The MED used three primary storage 
areas: Seneca Ordnance Depot, Romulus, New York; Clinton Engineer Works (now Oak 
Ridge National Laboratory), Clinton, Ttnnesssee; and Perry Warehouse (Middlesex 
Sampling Plant), Middlesex, New Jersey. The Perry Warehouse also became a 
sampling, weighing, and assaying facility. 

The MED contracts with African Metals, Inc., involved only the iecoverable uranium 
oxide (U 0 black oxide**) in the ore. 
residue Jr ?a* ’ 

African Metals maintained ownership of the 
rllngs that contained radium and other precious metals. As a result, it 

was necessary for the MED to establish weighing and assaying operations. Initially, 
the weighing and assaying were performed at contractor facilities; however, in 
November 1943, the MED set up a separate sampling program at the Perry Warehouse. 

*By the end of 1946, MED had contracted for approximately 3,800 tons of U 
over 29,000 tons of African ore containing from 5 to 65 percent uranium oxld . 2 

O8 from 

**The various steps of the uranium recovery and refining process produced various 
concentrations and compounds of uranium oxide, which were generally referred to by 
their color and chemical state. 
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The weighing and assaying of the ore samples were performed for the Federal 
Government by Lucius Pitkin, New York, New York; Frick Chemical Laboratory, 
Princeton University, Princeton, New Jersey; and the National Bureau of Standards 
(NBS), Washington, D.C. Weighing and assaying for African Metals, Inc, were 
performed by Ledoux and Company, New York, New York. 

Following weighing and assaying, the ore was shipped to the various refineries to be 
processed to black oxide or sodium diuranate concentrates. Because the tailings were 
owned by African Metals, Inc., the MED was required to store the residues from these 
operations until they could be returned to the owner. These residues from ores 
containing greater than 10 percent U 0 
the Perry Warehouse before return s ilJFil 

were stored at the Clinton Engineer Works or 
‘p l nt. Residues from ores containing less than 

10 percent U 0 were stored at the Lake Ontario Ordnance Works (LOOW). Some of 
this residue 3+ as eturned to African Metals and some is still at U.S. storage sites.* 

Canadian Sources. Negotiations to obtain Canadian ore were begun in 1942 with 
Eldorado Gold Mines, Ltd., (later Eldorado Mining and Refining, Ltd.). The Eldorado 
Gold Mines, Ltd., mined uranium ore at their Great Bear Lake mine and refin& the 
Canadian ore at their facility at Port Hope, Ontario. By 1944, about 400 tons of the 
oxide had been produced and enough Canadian ore had been mined to produce an 
additional 500 tons of the oxide. By 1946, over 4,000 tons of ore concentrate 
containing over 1,100 tons of U 0 in the form of black oxide had been delivered to 
the MED. Because the Canadl *in8 ore was processed to black oxide at the Eldorado 
facility and the entire concentrate was sold to the MED, no weighing and assaying 
program was set up for the Canadian ore. 

Domestic Sources. Most of the uranium in the United States was in carnotite ores on 
the Colorado plateau, but the high-grade deposits had already been mined earlier 
primarily for the radium content. The heavy demand for vanadium during the war also 
created the potential for a practical source of uranium oxide as a by-product of the 
vanadium processing. However, the tailings from vanadium processing were of such 
low uranium content that it was necessary to concentrate them at or near the mine 
prior to their shipment to the processing facilities. The United States Vanadium 
Corporation’s concentrated vanadium tailings were stockpiled at Uravan, Colorado, to 
produce a sludge containing 15 to 20 percent black uranium oxide. This sludge was . 
transported directly to the Linde Refinery in Tonawanda, New York. The U.S. 
Vanadium Corporation also had a plant at Durango, Colorado, for processing vanadium 
tailings and sands to produce a sludge. The output from the Durango and Uravan 
facilities went to Grand Junction, Colorado, l * for processing to “yellow cake” (10 to 
15 percent U30g) that, in turn, went to the Linde refinery at Tonawanda, New York. 

Concurrent with the U.S. Vanadium Corp&ation operation, the Vanadium Corporation 
of America processed American ores for vanadium at its plants in Naturita, Colorado, 
and Monticello, Utah.** Most of the slimes (50 percent U 0 by weight) from these 
plants went directly to Vitro Manufacturing Company, 2k a onsburg, Pennsylvania, 

*Some of the Africa I Metals residue that is still in the United States is currently 
stored at the Feed Materials Production Center, Fernald, Ohio. 

**Uranium mills which produced concentrates for MED/AEC programs that are 
inactive are covered under the Uranium Mill Tailings Radiation Control Act of 1978. 



for processing. A portion of the IO-percent slime tailings were sold to the government 
and processed at the Uravan facility. By the end of 1944, domestic ore production had 
yielded less than 800 tons of uranium oxide, and, by the end of 1946, over 1,300 tons of 
uranium oxide had been produced in various concentrations from the domestic sources. 

Uranium Processing Operations and End Use. The initial refining operations consisted 
of mechanical grinding and crushing of the arc’s to a sandy material. Acid was used to 
dissolve and, hence, extract the uranium. The acid extract was treated with other 
chemicals to precipitate the majority of impurities, and the product was further 
treated to precipitate the uranium. A final roasting and drying operation produced a 
black oxide (U308) or sodium diuranate (Na2U20,) concentrate. 

During World War II, the ores were refined to black oxides at the facilities of Linde 
and Eldorado. Vitro (at Canonsburg) refined the ores to produce sodium diuranate. 
Following the war, Mallinckrodt Chemical Co., Inc, also produced black oxide at its 
facilities in St. Louis, Missouri, and later at the AEC Weldon Spring Chemical Plant. 

Black oxide and sodium diuranate were further refined to orange oxide (UO ) at the 
Mallinckrodt Chemical Company plant, St. Louis, Missouri, and by E.I. dubont de 
Nemours and Company, Deepwater, New Jersey. 

At the du Pont plant,‘brown oxide (UO ) was made from black oxide and from uranium 
peroxide (UO 2H 0) obtained from 
du Pont output 4 has fro 

u anium scrap processing. About one-half of the 3 
m scrap and by-product material. Brown oxide was also 

produced by Harshaw Chemical Company (Cleveland, Ohio), Linde, and Mallinckrodt. 
Brown and orange oxide were in turn refined into green salt (UF4) by du Pont, 
Harshaw, Mallinckrodt, and Linde.* 

Harshaw made uranium hexafluoride for the thermal diffusion and gaseous diffusion 
uranium-235 separation projects. The green salt was used mainly in metal 
manufacturing by du Pont; Mallinckrodt; Iowa State College (now University), Ames, 
Iowa; Westinghouse, Bloomfield, New Jersey; Brush Laboratories, Cleveland, Ohio; and 
Electromet, Niagara Falls, New York. Scrap metal recovery operations were 
conducted at Metal Hydrides, Inc., Beverly, Massachusetts, and Iowa State College. 

Uranium metals in the form of powder were also produced directly from uranium 
oxides instead of green salt by Metal Hydrides. The metals manufactured by these 
various companies were then shipped to the Hanford Site at Richland, Washington, for 
use in plutonium production.’ The plutonium produced at Hanford was then shipped to 
Los Alamos for use in the weapons development program. , 

Quality control of various processes in the ore/metal production chain was performed 
by the University of Chicago, Metallurgy Laboratory, Chicago, Illinois; Princeton 
University, Princeton, New Jersey; Massachusetts Institute of Technology, Cambridge, 
Massachusetts; and the National Bureau of Standards, Washington, D.C. 

*Following the war and after the construction of the Weldon Spring Chemical Plant, 
much of the AEC uranium-conversion operations were centralized and transferred to 
Weldon Spring under Mallinckrodt and the Feed Materials Processing Center at 
Fernald, Ohio, under the National Lead Company of Ohio. The latter is currently the 
center for uranium-conversion operations, 



Activities following World War II broadened in scope. The AEC entered into a number 
of research, development, and production contracts to recover uranium as by-products 
of certain industrial processes such as phosphoric acid production, In addition; 
contracts were terminated or established as product needs and research needs varied. 

In addition to the actual contractor-owned facilities, a number of offsite storage 
locations were used such as landfills for disposal of low-level contaminated soil and 
waste from the uranium-ore-handling operations. Examples include the St. Louis 
Airport Storage Site, where residue from the Mallinckrodt AEC Operations were 
deposited; the former Haist property, Tonawanda, New York, where material from the 
Linde AEC operations was deposited; the Burtell Township-Pennsylvania Railroad 
Landfill, where Vitro Corporation deposited residues from Canonsburg; and the 
Middlesex Municipal Landfill, Middlesex, New Jersey, where residues were deposited 
during construction activities at the Middlesex Sampling Plant. Some private 
properties in Middlesex, also became contaminated inadvertently as a result of 
radionuclide migration. 

The companies and locations discussed in this report were identified during the records 
review of the MED history conducted under the FUSRAP activities. 

Thorium Operations. Operations with thorium after the war were similar to the 
uranium operations, but- were conducted on a smaller scale. The first major research 
for the MED on thorium was begun early in 1946 with the procurement of thorium salt 
for a research project at Iowa State College. The thorium salts were supplied by 
Lindsay Light and Chemical Company, which was the major supplier through most of 
the eai ly years of the program .* Lindsay Light and Chemical Company first received 
thorium from Germany and later processed monazite ores from India and Brazil. In 
later years, processing of monazite and other ores for the AEC was accomplished by 
other industrial firms such as the Davison Chemical Division of the W. R. Grace 
Company, Curtis Bay, Maryland; Dow Chemical Company, Walnut Creek, California; 
and by Iowa State College. Extractive research, metal production and handling, and 
research and development for both uranium and thorium was conducted at a number of 
companies including Mallinckrodt, Simonds Saw and Steel, Lockport, New York; 
Sylvania Corning Nuclear Corporation, Bayside, New York; Battelle Columbus 
Division, Columbus, Ohio; Brush Beryllium Company, Cleveland, Ohio; and Horizons 
Metal Inc., Cleveland, Ohio. 

The National Bureau of Standards was involved in quality control for the thorium 
programs, and the Middlesex Sampling Plant was used for storage of some thorium. A 
major objective of the DOE FUSRAP effort currently underway is to ensure that all of 
the thorium sites have been identified and surveyed for radiological conditions. More 
in-depth record searches and personal communications with former AEC employees 
are also being conducted. - 

3.0 Current Standards 

Throughout this report and in the site summary reports in Appendix A, reference is 
made to “established standards” and current guidelines for contamination and exposure 
levels. These standards/guidelines are as follows: 

*Lindsay Light and Chemical Company was using thorium for gas mantles, catalysts, 
and electron tube cathodes prior to nuclear applications. Remedial action activities at 
this site and associated properties are being undertaken by the State of Illinois and 
Kerr-McGee Chemical Corporation, with assistance from the Nuclear Regulatory 
Commission (NRC). 



0 Surface Contamination 

“Guidelines for Decontamination of Facilities and Equipment Prior to 
Release for Unrestricted Use or Termination of Licenses for By-product, 
Source or Special Nuclear Material,” by the USNRC, November 1976. 

The NRC Decontamination Guidelines present alpha and beta-gamma 
limits for surface contamination for both fixed and transferable con- 
tamination, dependent on the mixture of nuclides present. 

0 Radon Daughter Products and External Gamma Radiation Exposure 

A regulation based on the Surgeon General% Guidelines, “Grand Junction 
Remedial Action Criteria,” 41FR56,777-56, 778, December 30, 1976. 

In 1972, Congress passed P.L. 92-314 that provided remedial action in 
the community of Grand Junction, Colorado. Regulations implementing 
that law were issued by the AEC, then ERDA, as lOCFR712. P.L. 92-314 
was later extended by P.L. 95-236. 

In all cases, the most restrictive guideline (that for schools or dwellings) 
has been used. However, it should be noted that on several of the sites 
where the contamination is associated with an industrial building rather 
than with the soil, little likelihood exists of the site being used for these 
more restrictive purposes. 

a Air and Water Concentrations 

lOCFR20, Appendix B, Table II presents, by nudide, concentration limits 
in both water and air for the general public. The value of the most 
restrictive form, either soluble or insoluble, has been used. 

The EPA has proposed regulations for private uranium mill tailing sites: 40CFR192, 
“Interim Cleanup Standards” and “Final Cleanup Standards fo: Inactive Uranium Mill 
Tailing Sites,” 45FR27366. These standards cover cleanup of open lands and 
contaminated buildings associated with these sites. 

4.0 Legislative Authority 

Current Authority 

Pursuant to the First War Powers Act of 1941 and the Atomic Energy Acts of 1946 and 
1954, as amended the MED and its successor, the AEC, conducted during the 1940s and 
1950s a program involving research, development, processing, and production of 
uranium aid thorium. This-program also included the itorage oi.radioa&ive ores and 
processing residues, e.g., mill tailings. Virtually all of this work was performed by 
private contractors for the government on land that was either federally, privately, or 
institutionally owned. 

Due to the urgency and magnitude of the early nuclear materials programs and the 
limited knowledge available regarding the radioactive characteistiu of uranium ore 
and residual material from its processing, many of these sites became contaminated 
with radioactivity as a result of work clone for the government. 

- 
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In several western states, uranium mill tailings (a waste product of the uranium mill 
processing operations that was not subject to regulation by the government) accumu- 
lated in large piles and contaminated private adjacent and vicinity properties by 
migration. In some-instances, these tailings were also used as fill and construction 
material in various construction work in the communities. The presence of these 
tailings containing radium caused radon gas to collect in dwellings and in many cases 
produced unacceptable exposure to occupants. The government had no statutory 
authority to take remedial action; however, out of a sense of moral responsibility 
toward the affected homeowners, the Congress in 1972 passed P.L. 92-314 that 
provided for remedial action in the community of Grand Junction, Colorado. Regula- 
tions implementing that law were issued by the AK and then by ERDA as 10 CFR 
712. P.L. 92-314 was later extended by P.L. 95-236. Additional extensions of this 
program have been authorized and will be sought as needed in the annual DOE budget 
authorization and appropriation requests. 

. 
In 1978, Congress passed the Uranium Mill Tailings Radiation Control Act (P.L. 95- 
604) under which the DOE was authorized to enter into cooperative agreements with 
various states for undertaking remedial actions at certain designated Lactive former 
uranium mill processing facilities in the United States. The scope of this Act was very 
narrowly drawn to cover, under section 101(6), the sites designated in the Act and any 
other former processing sites and contaminated nearby properties at which substan- 
tially all of the uranium was produced for sale to the United States Government. None 
of the FUSRAP sites could qualify under this definition because the uranium and 
thorium processed at these sites were generally owned by the government. Excluded 
from coverage under the Act are those sites owned or controlled as of January 1, 1978 
or thereafter by a Federal agency, or under active NRC or Agreement-State license. 
The legislative history made it clear that this Act was not to set a precedent for the 
DOE to undertake other waste management remedial action programs. Pursuant to 
that Act, the EPA Administrator. was authorized and direct4 to develop environ- 
mental and health standards for uranium mill tailings contamination covered by the 
Act. 

The FUSRAP program formally began in 1974. Radiological surveys and other 
research work have been conducted by the AEC and its successors, the ERDA and the 
DOE, under the implied authority of the Atomic Energy Act of 1954, as amended. The 
intent of Congress, as expressed in the FY 1978 DOE Authorization Act was that, at 
the completion of this program, the DOE would seek additional legislative authority, 
pursuant to .a Congressional review of findings, for the undertaking of any required 
remedial action work. 

A survey of existing statutory authority shows that pursuant to the Atomic Energy Act 
of 1954, as amended, the AEC was directed to protect public health and safety during 
the research and production operations. In the case of those operations over which the 
government exercised ownership or control, the DOE’s existing authority has been 
interpreted to include the implied authority to decontaminate such sites through 
remedial actions undertaken at the conclusion of contract work.’ Accordingly, the 
DOE has undertaken remedial action efforts at the Kellex site in Jersey City, New 
Jersey, and in Middlesex, New Jersey. However, the absence of sufficient contractual, 
property, or other historical records (as a result of records retention schedules and 

I limitations) has prevented final determination of the extent of government 
\ involvement in, and implied remedial action authority over, many of the sites. In 

addition, explicit contractual language and/or notations in deeds under which the 
United States is relieved from all contractual liability raises the issue as to whether, 
without the proposed legislation, the government has any continuing financial or other 
responsibility with respect to these properties. 
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