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EXECUTIVE SUMMARY 
 

The purpose of this certification docket is to document the successful decontamination of 
radioactively contaminated areas at the Ventron site in Beverly, Massachusetts by the U.S. 
Department of Energy (DOE). Remediation of the property was performed in 1996 and 1997 
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. 
 
FUSRAP 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 
Ventron site. 
 
Bechtel National, Inc. (BNI) was the project management contractor for work conducted at the 
Ventron site. Thermo Nutech Services, Inc., and Safety and Ecology Corporation 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 (ORISE) 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 Ventron 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 1E-19 
Forrestal Building 
1000 Independence Avenue, S.W. 
Washington, D.C. 20585 
 
U.S. Department of Energy 
DOE Information Center 
475 Oak Ridge Turnpike 
Oak Ridge, Tennessee 37831 
 
Beverly Public Library 
32 Essex Street 
Beverly, Massachusetts 01915. 

 
Further information on the docket is available by contacting: 
 

Patrick Noone, Business Management Specialist 
Office of Site Closure 
EM-31/CLV 
1000 Independence Avenue, S.W. 
U.S. Department of Energy 
Washington, D.C. 20585-2040 
Phone: (301) 903-2870 
Fax: (301) 903-2385 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EXHIBIT I: 
 

SUMMARY OF REMEDIAL ACTION PERFORMED AT THE 
VENTRON SITE IN 

BEVERLY, MASSACHUSETTS 
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1.0  SITE HISTORY 
 

The Ventron site is located on Massachusetts Bay at the confluence of the Bass and 
Danvers rivers; the city of Beverly is ~24 km (15 miles) northeast of Boston (Figure I-1). The 
1.2-ha (3-acre) site, formerly a chemical manufacturing plant and research and development 
facility, currently owned by Morton International, is bordered on the north by Congress Street, 
on the east by the Boston and Maine Railroad, on the west by the Bass River, and on the south by 
the Danvers River. Surrounding land use is residential and commercial/industrial. 

 
From 1942 to 1948, the Metal Hydrides Corporation conducted uranium processing 

operations under contract to the Manhattan Engineer District (MED) and its successor, the 
Atomic Energy Commission (AEC). MED/AEC contract operations involved conversion of 
uranium oxide to uranium metal powder using calcium hydride. A process used later at the 
facility involved reaction of uranium oxide with hydrogen fluoride to produce uranium 
tetrafluoride, which was mixed with magnesium and heated to produce uranium metal. 
MED/AEC contract work at the site involved only natural uranium; no depleted or enriched 
uranium was processed. Other operations at the site involved recovery of uranium from scrap 
and turnings resulting from operations at a fuel fabrication plant in Hanford, Washington. 
Uranium-238 was identified as the primary contaminant of concern associated with MED/AEC 
activities (Exh. II, Refs. 14,16). 

 
Two of the original buildings, which housed foundry facilities, were demolished between 

1948 and 1950 (after completion of AEC surveying and decommissioning), and two other 
buildings (Buildings B and F) were erected at these locations (Figure I-2). The remaining 
original buildings (Buildings A and A-1) contained furnaces, leaching facilities, a mixing room, 
a drying room, and analytical laboratories. The Alfa Building was used in later non-MED-related 
thorium operations, reportedly involving purification of thorium compounds. The primary 
radioactive contaminant resulting from this work was thorium-232. 

 
In 1965, Metal Hydrides Corporation became the Ventron Corporation, which was 

acquired by the Thiokol Corporation in late 1976. In 1980, Ventron became a division of Morton 
Thiokol, Inc. (renamed Morton International in 1990). The site was designated for remedial 
action under FUSRAP in 1986 (Exh. II, Ref. 5). 
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2.0  RADIOLOGICAL HISTORY AND SURVEYS 
 
2.1  RADIOLOGICAL AND CHEMICAL SURVEYS 
 

Site characterization was performed in 1992 using the Streamlined Approach For 
Environmental Restoration (SAFER) method, an expedited approach developed by DOE to 
quickly and efficiently conduct remedial investigations/feasibility studies at DOE facilities in 
accordance with the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA). This approach indicated several discrete areas of contamination. Investigations at 
the Alfa Building were limited because the work performed in that building was not MED-
related; however, during remediation, areas of contamination previously thought to be discrete 
proved to be contiguous, and contamination was discovered beneath the Alfa Building. 
 

Primary radioactive contaminants were uranium-238, thorium-232, and radium-226. 
Residual radioactive contamination (primarily uranium) was identified in soil and in fill material 
beneath four buildings, and elevated surface contamination was found in two buildings (Exh. II, 
Ref 16). Thorium contamination was detected primarily in the vicinity of the Alfa Building; 
radium contamination was limited to retort tunnels beneath the Building A slab. A Memorandum 
of Agreement signed by DOE and Morton International in 1996 provided that FUSRAP would 
decontaminate all buildings containing radioactivity above DOE 5400.5 guidelines (whether of 
government or non-government origin) and that Morton would demolish the buildings (Exh. II, 
Ref. 20). 
 
2.2  REMEDIAL ACTION GUIDELINES 
 

Standards and criteria governing release of properties for radiologically unrestricted use 
are based on DOE Order 5400.5, "Radiation Protection of the Public and the Environment, "and 
related guidance applicable to FUSRAP sites (Exh. II, Refs. 7, 8, 9,10,12). Guidelines specified 
in DOE Order 5400.5 (Exh. II, Ref. 7) are comparable to criteria then in use by EPA and NRC. 
 

Cleanup criteria for residual radioactive material in soil were based on application of the 
as-low-as-reasonably-achievable (ALARA) principle to site-specific guidance developed by 
Argonne National Laboratory (ANL). Site-specific guidelines for total uranium in soil averaged 
over the remediated area were dose-based criteria derived by ANL based on the most probable 
future use of the site (Exh. II, Ref. 9). Site-specific criteria for soil were 5115 pCi/g for thorium-
232 and radium-226 and 100 pCi/g for total uranium (50 pCi/g for uranium-238) regardless of 
depth. Criteria for building decontamination were DOE 5400.5 surface criteria for unrestricted 
use (Exh. II, Ref. 7). 

 
Asbestos was the only nonradioactive constituent mingled with residual radioactive 

materials at concentrations requiring remedial action. The asbestos-containing material was 
contaminated with radium-226 at concentrations >5 pCi/g. All asbestos materials containing 
residual radioactive material were removed from the site and transported to Envirocare of Utah, a 
facility licensed for disposal of radioactively contaminated waste. 
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2.3  REGULATORY ISSUES 
 

Environmental assessments required by the National Environmental Policy Act were 
incorporated in CERCLA documentation prepared for the site (Exh. II, Ref 18). An investigation 
was performed in accordance with 10 CFR 1022. Floodplains, wetlands, and coastal tidal areas 
were determined to be present; however, proposed activities were determined to have minimal 
short-term and positive long-term environmental effects (Exh. II, Ref 19). Consultations with 
regulators regarding natural resources and endangered and threatened species determined that 
proposed activities would have no negative effect on these resources. Consultations with historic 
preservation officials also determined that no protected resources would be adversely affected by 
cleanup activities. Appropriate real estate instruments were negotiated with the site owner before 
remedial action began (Exh. II, Refs. 20, 21). 
 
2.4  POST-REMEDIAL ACTION STATUS 
 

After cleanup was completed in each portion of the site, radiological surveys and 
sampling were conducted to ensure that residual radioactive contamination had been removed to 
levels meeting applicable guidelines. Post-remedial action surveys to confirm removal of 
residual radioactive material were performed as specified in the post-remedial action survey plan 
for Ventron. (Exh. II, Refs. 22, 23) by the radiological support subcontractor, Safety and Ecology 
Corporation (SEC), on behalf of the project management contractor, Bechtel National, Inc. 
(BNI). These surveys included walkover gamma scans, external gamma exposure rate 
measurements, and soil sampling. Post-remedial action survey and sampling results are included 
in the post-remedial action report for the site (Exh. II, Ref. 24). 
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3.0  SUMMARY OF REMEDIAL ACTION 
 

Remedial action was conducted during 1995-1997 at the Ventron site in Beverly, 
Massachusetts, under the Formerly Utilized Sites Remedial Action Program (FUSRAP). 
Remediation activities were performed in the harbor area during September 1995 and for the 
entire site from May 1996 to March 1997. 

 
The following discussion briefly describes the remedial process and the measures taken 

to protect the public and the environment during this process. 
 

3.1  PRE-REMEDIAL ACTION ACTIVITIES 
 

Before remedial action began, the site was surveyed to delineate boundaries of 
radioactive contamination, supplement existing characterization information, and obtain 
radiological and chemical data needed to classify the waste generated during cleanup. Waste 
profile information was necessary to establish acceptability of the various waste streams at the 
Envirocare of Utah low-level radioactive waste disposal facility in Clive, Utah. Cleanup 
activities were conducted in full compliance with federal and state waste management and 
transportation requirements. 

 
3.2  DECONTAMINATION/REMEDIAL ACTIVITIES 
 

Initial cleanup activities in the harbor were conducted in 1995 as a time-critical removal 
action to support other required remediation activities at the site. The 1996-1997 excavation 
activities were conducted in accordance with requirements for CERCLA non-time-critical 
removal actions. The engineering evaluation/cost analysis (EE/CA) for the site was made 
available for public comment on February 12, 1996, and finalized with responses to public 
comments in May 1996 (Exh.II, Ref. 18). An Administrative Record was established and made 
available at the Beverly Public Library on November 6, 1995. 
 

The primary technique used in remedial action at Ventron was excavation of 
contaminated materials. An excavator was used to break up any concrete or asphalt that was in 
place above the contaminated soil. In some cases, small volumes of soil were removed using 
hand tools. Following remedial action, areas were restored to the condition agreed upon by the 
property owner. Restoration primarily involved placement of sufficient buttress in adjacent areas 
of the seawall to maintain seawall integrity. Other restoration activities were the responsibility of 
the property owner, as specified in the Memorandum of Agreement (Exh. II, Ref. 20). 
 

During remediation, approximately 7,300 m3 (9,500 yd 3) of radioactively contaminated 
soil was removed from the site. Excavated material was placed in intermodal containers or dump 
trucks and shipped to the Envirocare of Utah disposal facility. 
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3.3  POST-REMEDIAL ACTION MEASUREMENTS 
 

After each portion of the property was decontaminated, a radiological survey of the area 
was conducted to confirm that all radioactive contamination above cleanup criteria had been 
removed. Initial post-remedial action surveys were conducted by the radiological support 
subcontractor, Safety and Ecology Corporation (SEC), on behalf of the project management 
contractor, BNI. Figures delineating the surveyed areas and tables containing complete survey 
results are included in the post-remedial action report for Ventron (Exh. II, Ref. 24). Techniques 
used during post-remediation and verification surveys included external gamma exposure rate 
measurements, and soil sampling. The initial post-remediation surveys were conducted in 
accordance with SEC procedures and BNI instruction guides. The IVC, Oak Ridge Institute for 
Science and Education (ORISE), performed independent verification surveys of the excavations, 
sea wall, and building slabs using survey techniques that were similar or identical to those used 
by SEC. IVC survey data for Ventron are presented in a separate verification report (Exh. II, Ref. 
25). 
 

As excavations were completed, walkover surveys were conducted to determine whether 
soil had been removed to levels meeting cleanup criteria. Final walkover surveys were performed 
with a field instrument for detecting low-energy radiation (FIDLER) and the SPA. The walkover 
surveys provided immediate feedback so that additional excavation could be performed if 
residual contamination exceeded remedial action guidelines and the objective of maintaining 
exposures ALARA was not met. 
 

External gamma radiation exposure rates were measured at 91 locations. Measurements 
were taken at 1 m (3 ft) above the ground surface with a pressurized ionization chamber (PIC). 
 
3.4  VERIFICATION ACTIVITIES 
 

After remedial action was completed, surveys and soil sampling were conducted by Oak 
Ridge Institute for Science and Education (ORISE), the FUSRAP independent verification 
contractor (IVC) for the Ventron site, to verify that the site had been remediated to levels 
meeting applicable guidelines. The objective of the independent verification survey was to 
confirm that post-remedial action surveys, sampling and analyses provided an accurate and 
complete description for the radiological status of the property upon completion. 
 

IVC activities included two types of verification reviews (types A and B), as specified in 
the FUSRAP verification and certification protocol (Exh. II, Ref. 4). Type A verification 
included reviewing post-remedial action survey results and collecting and analyzing additional 
samples if necessary. Type B consisted of an independent survey of the site by the IVC. In 
addition to reviewing the methods and results of post-remedial action surveys and soil sampling, 
the IVC reviewed the laboratory's quality assurance data to determine whether the measurements 
verified compliance with applicable cleanup guidelines. Following verification by the IVC, BNI 
restored the site as agreed upon with the property owner. The BNI site restoration was limited to 
buttressing of the seawall (Exh. II, Ref. 20). 
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Post-remedial action survey results and independent verification data indicated that all 
areas of the Ventron site that were determined to be contaminated during characterization 
surveys were in compliance with cleanup guidelines then in effect. After review of post-remedial 
action measurements, survey procedures, and quality assurance data, the IVC confirmed that the 
site had been decontaminated to applicable radiological criteria (Exh. II, Ref. 25). 
 

After completing verification activities, the IVC notified DOE of its findings and 
recommendations, and DOE reviewed the data to determine whether the remedial action was 
successful. Based on this review, radiological conditions at the site were determined to be in 
compliance with decontamination criteria and standards to protect health, safety, and the 
environment, then in effect, and the site was determined to be suitable for future use without 
radiological restrictions. 
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4.0  CONCLUSION 
 
Post-remedial action surveys and samples demonstrated, and DOE certified, that the locations 
remediated are in compliance with applicable radiological standards and criteria in effect at the 
conclusion of the remedial activity for protecting members of the general public as well as 
occupants of the site and the environment. 
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EXHIBIT II: 
 

REFERENCES FOR DOCUMENTS SUPPORTING THE 
CERTIFICATION OF REMEDIAL ACTION PERFORMED AT THE 

VENTRON SITE IN BEVERLY, MASSACHUSETTS 
 
 
 
 



 

II-1 

1.0  INTRODUCTION 
 

The material in Exhibit II consists of documents supporting DOE certification that 
conditions at the subject property are in compliance with radiological guidelines and standards in 
effect at the conclusion of remedial action. It consists of the letters, memos, and reports that were 
produced to document the entire remedial action process, from designation of the property for 
cleanup under FUSRAP to the certification that no radiological restrictions limit the future use of 
the site. Exhibit I of this docket should be consulted for a brief history of the origin of site 
contamination, radiological characterization, the remedial action performed, and post-remedial 
action verification activities. 
 

2.0  FUSRAP GENERAL 
 
1. DOE, Description of Formerly Utilized Sites Remedial Action Program, ORO-777, Oak 

Ridge, Tenn., September 1980. 
 
2. DOE, "FUSRAP Summary Protocol, "CCN 35692, Oak Ridge, Tenn., March 1986. 

[Attachment: DOE, "U.S. Department of Energy Guidelines for Residual Radioactive 
Material at FUSRAP and Remote Surplus Facilities Management Program Sites, Rev. 2, 
"CCN 046176, Oak Ridge, Tenn., March 1987]. 

 
3. DOE, "FUSRAP Designation/Elimination Protocol, Supplement No. l to the FUSRAP 

Summary Protocol, "CCN 35692, Oak Ridge, Tenn., January 1986. 
 
4. DOE, "FUSRAP Verification and Certification Protocol, Supplement No. 2 to the 

FUSRAP Summary Protocol, Rev. l, CCN 35692, November 1985. 
 

3.0  DESIGNATION DOCUMENTATION 
 
5. DOE, Memorandum from W. Voigt (DOE-HQ) to J. LaGrone (DOE-HQ), "Designation 

of Sites for Remedial Action - Metal Hydrides, Beverly, MA; Bridgeport Brass, Adrian, 
MI, and Seymour, CT; Guard Armory, Chicago, IL, "CCN 054358, December 17, 1985. 

 
6. DOE, Memorandum from J. Wagoner (DOE-HQ) to A. Williams (DOE-HQ), 

"Designation of Beverly, Massachusetts, Vicinity Property, "CCN 096254, October 22, 
1992. 

 
4.0  DECONTAMINATION CRITERIA 

 
7. DOE Order 5400.5, Radiation Protection of the Public and the Environment, Chapter IV, 

"Residual Radioactive Material, "Office of Environment, Safety, and Health, 
Washington, D.C., February 1990. 

 
8. 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, Tenn., March 1986. 
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9. DOE, Memorandum from A. Williams (DOE-HQ) to L. Price (DOE-FSRD), "Uranium 
Guidelines for Ventron Site, Beverly, MA, "CCN 108174, September 1, 1993. 

 
10. DOE, Memorandum from A. Johnson (DOE-HQ) to L. Price (DOE-FSRD), "Approval of 

Proposed Remediation Approach for Residual Radioactive Material at the Ventron Site, 
Beverly, Massachusetts, "CCN 1423 3 5, May 14, 1996. 

 
11. DOE, Memorandum from J. Kopotic (DOE-FSRD) to A. Williams (DOE-HQ), "Request 

for Approval of Proposed Remediation Approach for Residual Radioactive Material at 
the Ventron Site, "CCN 127-GOA-GAM-00006, "September 22,1997. 

 
12. DOE, Memorandum for A. Johnson (DOE-HQ) to W. Seay (DOE-FSRD), "Ratification, 

Confirmation, and Changes to Supplemental Standards for Residual Radioactive Material 
at the Ventron Site, Beverly, Massachusetts, “CCN 127-GOA-GAM-00007, September 
1997. 

 
13. DOE, Letter from J. Kopotic (DOE-FSRD) to A. Raddatz (Morton International), 

"Ventron Site—Disposal of Building Demolition Debris, “CCN 142976, June 1996. 
 

5.0  RADIOLOGICAL CHARACTERIZATION REPORTS 
 
14. ORNL, "Results of the Radiological Survey at the Ventron Site, Beverly, Massachusetts, 

“OEM-10053, CNN 053786, Oak Ridge, Tenn., May 1988. 
 
15. DOE, Letter from J. Kopotic (DOE-FSRD) to S. Greene (Massachusetts Department of 

Environmental Protection (MDEP)), "Ventron Site - Transmittal of Radiological Data 
from Beverly Harbor, "CCN 120267, September 1994 [Attachment: ORNL, 
"Radiological Survey Results at Beverly Harbor (VB025), "ORNL/RASA-91129, CCN 
120267, Oak Ridge, Tenn., August 1992] 

 
16. SAIL, Characterization Report for the Ventron Site, Beverly, Massachusetts, 

DOE/OR/21950-1011, CCN 126002 and 138005, Oak Ridge, Tenn., December 1995. 
 

6.0  CERCLA/NEPA DOCUMENTATION 
 
17. DOE, "Action Description Memorandum, Removal of Contaminated Roofing Material 

From Buildings A and Al at the Ventron Site, Beverly, Mass., “CCN 139115, Oak Ridge, 
Tenn., November 1987. 

 
18. DOE Engineering Evaluation/Cost Analysis for the Ventron Site, Beverly, 

Massachusetts, with Response to Public Comments, DOE/OR/21950-1014, CNN 141533, 
Oak Ridge, Tenn., May 1996 [Attachment: DOE "Ventron Site - Action Memorandum 
for Remedial Action," CCN 141757, May 1996]. 
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19. DOE Notice of Floodplain and Wetland Involvement, 61 Federal Register 11621, CCN 
141053, March 21, 1996, and DOE Floodplain Statement of Finding, 61 Federal Register 
25656, CCN 143177, May 22, 1996. 

 
7.0  MEMORANDUM OF AGREEMENT AND REAL ESTATE LICENSE 

 
20. Memorandum from J. Kopotic (DOE-FSRD) to J. Fuerholzer (Morton International), 

"Ventron Site- Memorandum of Agreement, "CCN 142126, May 9,1996. 
 
21. DOE, License Agreement Permitting Entry on Morton International Property, 

REORDOER Number 7-95-0160: Letter, K. Kates to J. Fuerholzer, "Real Estate License 
REORDOER-7-95-0160, Metal Hydrides, Inc. (Ventron Corp.), Beverly, MA, “CCN 
133599 August 24,1995; Letter, D. Shook to J. Fuerholzer, "Supplemental Agreement to 
Real Estate License REORDOER-7-95-0160, "CCN 141131, April 15, 1996. 

 
8.0  POST-REMEDIAL ACTION AND VERIFICATION 

 
22. BNI, "FUSRAP PRASP Implementation for the Ventron Site, "CCN 144008, July 1996. 
 
23. BNI,1995. "Post-Remedial Action Survey Plan for the Ventron Harbor, "CCN 133725 

(August). 
 
24. BNI, Post-Remedial Action Report for the Remedial Action at the Ventron Site, Beverly, 

Massachusetts, Document No. 2144, Oak Ridge, Tenn., March 2003. 
 
25. Oak Ridge Institute for Science and Education (ORISE), Verification Survey of the 

Ventron Site, Beverly, Massachusetts, Document No. ORISE 03-0321, February 2003. 
 
26. USACE, "Characterization of Radiation Dose and Risk Following Remediation of the 

Ventron Site, "CCN 127-IOA-GEV-00003, December 1997. 
 

9.0  CORRESPONDENCE WITH REGULATORS 
 
27. DOE, Letters from J. Kopotic (DOE-FSRD) to L. Alexander (MDEP) and T. O'Connell 

(Massachusetts Department of Health MDOH), "Ventron Site - Transmittal of Dose 
Calculation and Remedial Action Approach, “CCN 140242, March 15, 1996 
[Attachment: BNI, "Dose Assessment for Ventron Buildings A and A-1, Calculation 
No.127-CV-0016, "CCN 140210, March 121996]. 

 
28. MDOH, T. O'Connell (MDOH) to J. Kopotic (DOE-FSRD), "Approval of Radiological 

Remediation Plans, “CCN 143840, June 21, 1996. 
 
29. MDEP, Letter from L. Alexander (MDEP) to J. Kopotic (DOE-FSRD), "Demolition of 

Building A & A-1; Risk Characterization Report, "CCN 143797, June 21, 1996. 
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30. MDEP, Letter from L. Alexander (MDEP) to J. Kopotic (DOE-FSRD), "Review of DOE 
Site Characterization Report for the Ventron Site, "CCN 143180, June 5, 1996. 

 
31. MDEP, Letter from L. Alexander (MDEP) to J. Kopotic (DOE-FSRD), "Review of 

DOE's May 1996 Characterization of Radiation Dose and Human Health Risk Following 
Remediation of the Ventron Site, "CCN 148853, November 18, 1996. 
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1.0  DOE STATEMENT OF CERTIFICATION 
 

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

 



 

 

Statement of Certification:  Ventron Site in Beverly, Massachusetts 
 
 
The DOE, Oak Ridge Operations Office (OR), Office of Environmental Management, Oak 

Ridge Reservation, Remediation Management Group, and the U.S. DOE Office of 

Environmental Management (EM), Office of Site Closure (EM-30), Ohio Office (EM-31), has 

reviewed and analyzed the radiological data obtained following remedial action at the Ventron 

site in Beverly, Massachusetts, (Deed Book 10091, Page 339, in the records of Essex County, 

Massachusetts). Based on the 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 DOE radiological decontamination criteria and standards for 

use of the property without radiological restrictions. This certification of compliance provides 

assurance that reasonably foreseeable future use of the site will result in no radiological exposure 

above DOE radiological criteria and standards for protecting members of the general public and 

occupants of the property. 

 

Property owned by: Morton International, Incorporated, 123 North Wacker Drive, Chicago, 

Illinois, 60606. 

Issued in Germantown, Maryland. On October 7, 2003. 

 

 

Sally A. Robison, Ph.D. 
Office Director, Ohio Office, 
Office o f Site Closure. 
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2.0  FEDERAL REGISTER NOTICE OF CERTIFICATION 
 

This section contains a copy of the published Federal Register notice announcing the 
completion of remedial action, with accompanying statement of certification issued by the 
Department of Energy. 
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Responses: 55. 
Burden Hours: 1,100. 

  Abstract: This Annual Performance 
Report will allow the Department of 
Education to collect information required 
by the Reading First statute. 
  Requests for copies of the submission 
for OMB review; comment request may 
be accessed from http:// 
edicsweb.ed.gov, by selecting the 
"Browse Pending Collections “link and 
by clicking on link number 2329. When 
you access the information collection, 
click on "Download Attachments “to 
view. Written requests for information 
should be addressed to Vivian Reese, 
Department of Education, 400 Maryland 
Avenue, SW., Room 4050, Regional 
Office Building 3, Washington, DC 
20202-4651 or to the e-mail address 
vivan.reese@ed.gov. Requests may also 
be electronically mailed to the internet 
address OCIO_RIMG@ed.gov or faxed to 
202-708-9346. Please specify the 
complete title of the information 
collection when making your request. 
  Comments regarding burden and/or  
the collection activity requirements 
should be directed to Kathy Axt at her  
e-mail address Kathy.Axt@ed.gov. 
Individuals who use a 
telecommunications device for the deaf 
(TDD) may call the Federal Information 
Relay Service (FIRS) at 1-800-877-8339. 
[FR Doc. 03-26452 Filed 10-20-03; 8:45 am] 
BILLING CODE 4000-01-P 

DEPARTMENT OF ENERGY 
 
Certification of the Radiological  
Condition of the Ventron Site in  
Beverly, MA 
 
AGENCY: Department of Energy. 
ACTION: Notice of certification. 
SUMMARY: The Department of Energy 
(DOE) has completed remedial actions to 
decontaminate the Ventron site in 
Beverly, Massachusetts. This property 
formerly was found to contain  
quantities of radioactive material from 
activities conducted for the Manhattan 
Engineer District (MED) (and its 
successor the Atomic Energy 
Commission (AEC)) from 1942 to 1948. 
Based on the analysis of all data 
collected, DOE has concluded that the 
property is in compliance with DOE 
radiological decontamination criteria and 
standards and that no radiological 
restrictions on the use of the property  
are required. 
ADDRESSES: The certification docket 
is available at the following locations: 
U.S. Department of Energy, Public  

Reading Room, Room 1E-190, 

Forrestal Building, 1000  
Independence Avenue, SW., 
Washington, DC 20585. 

U.S. Department of Energy, DOE 
Information Center, 475 Oak Ridge 
Turnpike, Oak Ridge, Tennessee 
37831. 

Beverly Public Library, 32 Essex  
Street, Beverly, Massachusetts 01915. 

FOR FURTHER INFORMATION, CONTACT: 
Donald Mackenzie, Health Physicist,  
U.S. Department of Energy, Ohio Office, 
Office of Site Closure, EM-31/Cloverleaf 
Building, 1000 Independence Avenue, 
SW., Washington, DC 20585-2040, 
Phone: (301) 903-7426, Fax: (301) 903-
2385. 
SUPPLEMENTARY INFORMATION: The U.S. 
DOE, Oak Ridge Operations Office (OR), 
Office of Environmental Management, 
has conducted remedial action at the 
Ventron site in Beverly, Massachusetts, 
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 MED/ 
AEC during the early years of the  
nation's atomic energy program. 
  In October 1997, the Energy  
and Water Appropriations Act, 1998 
transferred responsibility for management 
of FUSRAP to the U.S. Army Corps of 
Engineers (US ACE). Completion of the 
certification process was delayed pending 
preparation of a Memorandum of 
Understanding (MOU) between DOE and 
U.S. ACE with regard to completed, 
remediated sites such as the Ventron 
property. The MOU between the U.S. 
DOE and the U.S. ACE regarding 
Program Administration and Execution of 
the FUSRAP was signed by the parties in 
March 1999. Funding to proceed with the 
completion of DOE closure 
documentation for several FUSRAP sites, 
including the Ventron site, was obtained 
from U.S. ACE in late 2000: The closure 
documentation for these sites will 
document the cleanup and inform the 
public of their successful 
decontamination of radioactive 
contamination. 
  From 1942 to 1948, the Metal Hydrides 
Corporation (predecessor to the Ventron 
Corporation) conducted natural uranium 
processing operations under contract to 
the MED and its successor, the AEC. The 
MED/AEC contract operations at the 
Ventron site involved conversion of 
uranium oxide to uranium metal powder 
using calcium hydride. In a process used 
later at the facility, uranium oxide was 
reacted with hydrogen fluoride to produce 

uranium tetrafluoride, which was mixed 
with magnesium and heated to produce 
uranium metal. Other operations at the 
site involved recovery of uranium from 
scrap and turnings resulting from 
operations at a fuel fabrication plant in 
Hanford, Washington. Uranium-238 was 
identified as the primary contaminant of 
concern associated with MED/AEC 
activities. Two of the original buildings, 
which housed foundry facilities, were 
demolished between 1948 and 1950 (after 
completion of AEC surveying and 
decommissioning), and two other 
buildings (Buildings B and F) were 
erected at these locations. The remaining 
original buildings (Buildings A and A-1) 
contained furnaces, leaching facilities, a 
mixing room, a drying room, and 
analytical laboratories. The Alfa Building 
was used in later non-MED-related 
thorium operations, reportedly involving 
purification of thorium compounds. The 
primary radioactive contaminant resulting 
from this work was thorium-232. 
  In 1965, Metal Hydrides Corporation 
became the Ventron Corporation, which 
was acquired by the Thiokol Corporation 
in late 1976. In 1980, Ventron became a 
division of Morton Thiokol, Incorporated 
(renamed Morton International in 1990). 
The site was designated for remedial 
action under FUSRAP in 1986. 
  Site characterization was performed in 
1992 using the Streamlined Approach for 
Environmental Restoration method, an 
expedited approach developed by DOE to 
quickly and efficiently conduct remedial 
investigations /feasibility studies at DOE 
facilities. This approach indicated several 
areas of contamination. 
  Primary radioactive contaminants were 
uranium-238, thorium-232, and radium-
226. Residual radioactive contamination 
(primarily uranium) was identified in soil 
and in fill, material beneath four 
buildings, and elevated surface 
contamination was found in Buildings A 
and A-1. A Memorandum of Agreement 
(MOA) signed by DOE and Morton 
International in 1996 provided that 
FUSRAP would decontaminate all 
buildings containing radioactivity above 
DOE Order 5400.5 guidelines in effect at 
the time (whether of government or non-
government origin) and that Morton 
would demolish the buildings. 
  Before remedial action began, the site 
was surveyed to delineate boundaries of 
radioactive contamination, supplement 
existing characterization information,  
and obtain radiological and chemical  
data needed to classify the waste 
generated during cleanup. Waste profile 
information was necessary to establish 
acceptability of the various waste streams 
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at the Envirocare of Utah low-level 
radioactive waste disposal facility in 
Clive, Utah. Cleanup -activities were 
conducted in full compliance with 
applicable Federal and State waste 
management and transportation 
requirements. 
  Radiological decontamination of the 
Ventron site by the DOE occurred in two 
phases: In September 1995, and from 
May 1996 to March 1997. Supplemental 
sampling of the site to verify the 
adequacy of radiological remediation was 
performed in July 1997. 
  In September 1995, the first phase of 
DOE remediation of site tidal flats 
(harbor) adjacent to the seawall began. 
During this first phase of remediation, a 
walkover was performed over the entire 
harbor down to the low-tide mark, and 
areas with elevated levels of radioactive 
materials were targeted for remediation. 
Elevated readings were found in three 
areas. Excavations were completed in the 
first two areas, and post-remedial action 
samples were collected. Excavation was 
halted in the third area because 
contamination in that area was too 
extensive to be removed by manual 
methods. During the second phase of the 
remedial action, this third area was 
remediated and post-remedial action 
samples were collected. 
  Pursuant to the MOA between DOE and 
Morton International, several onsite 
buildings were demolished and the 
crushed building rubble was sampled. 
Rubble meeting DOE guidelines 
contained in DOE Order 5400.5 was 
stockpiled and used as backfill along the 
seawall. Building slabs were surveyed 
and either decontaminated and left in 
place or removed and disposed of with 
other contaminated material. 
  Excavation of contaminated materials 
was the primary remedial action 
technique used at the Ventron site. Eleven 
discrete areas of the site were excavated 
and verified for compliance with 
radiological cleanup criteria. Excavations 
occurred beneath demolished buildings, 
in the northwest corner of the site, in the 
harbor area. 
  Post-remedial action surveys conducted 
in 1996 and 1997 have demonstrated, and 
DOE has certified, that the subject 
property is in compliance with DOE 
radiological decontamination criteria and 
standards in effect at the conclusion of 
remedial action. These criteria and 
standards are established to protect 
members of the general public and 
occupants of the site and to ensure that 
reasonably foreseeable future use of the 
site will result in no radiological exposure 
above applicable guidelines. Accordingly, 
this property is released from the 

FUSRAP program. These findings are 
supported by the DOE's Certification 
Docket for the Remedial Action 
Performed at the Ventron site in Beverly, 
Massachusetts. DOE makes no 
representation regarding the condition of 
the site as a result of activities conducted 
subsequent to DOE's post-remedial action 
surveys. 
  The certification docket will be available 
for review between 9 a.m. and 4 p.m., 
Monday through Friday (except Federal 
holidays), in the DOE Public Reading 
Room located in Room 1E-190 of the 
Forrestal Building, 1000 Independence 
Avenue, SW., Washington, DC. Copies 
of the certification docket will also be 
available in the DOE Information Center, 
475 Oak Ridge Turnpike, Oak Ridge, 
Tennessee, 37831, and the Beverly Public 
Library, 32 Essex Street, Beverly, 
Massachusetts, 01915. 
  The DOE, through the Office Director, 
Ohio Office (EM-31), Deputy Assistant 
Secretary for Office of Site Closure (EM-
30), the Assistant Secretary for the Office 
Environmental Management (EM), has 
issued the following statement: 
Statement of Certification: Ventron Site 
in Beverly, Massachusetts 
  The DOE, Oak Ridge Operations  
Office (OR), Office of Environmental 
Management, Oak Ridge Reservation, 
Remediation Management Group, and  
the U.S. DOE Office of Environmental 
Management (EM), Office of Site 
Closure (EM-30), Ohio Office (EM-31), 
has reviewed and analyzed the 
radiological data obtained following 
remedial action at the Ventron site in 
Beverly, Massachusetts, (Deed Book 
10091, Page 339, in the records of Essex 
County, Massachusetts). Based on the 
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  
DOE radiological decontamination 
criteria and standards for use of the 
property without radiological  
restrictions. This certification of 
compliance provides assurance that 
reasonably foreseeable future use of the 
site will result in no radiological  
exposure above DOE radiological  
criteria and standards for protecting 
members of the general public and 
occupants of the property. 
  Property owned by: Morton  
International, Incorporated, 123 North 
Wacker Drive, Chicago, Illinois, 60606. 
  Issued in Germantown 
Sally A Robison, Ph.D. 
Office Director, Ohio Office, Office of Site 
Closure. 
[FR Doc. 03-26517 Filed 10-20-03; 8:45 am] 
BILLING CODE 6450-01-P 

DEPARTMENT OF ENERGY 
 
Energy Information Administration 
 
Agency Information Collection Activities: 
Submission for OMB Review; Comment 
Request 
 
AGENCY: Energy Information 
Administration (EIA), Department of 
Energy (DOE). 
ACTION: Agency information collection 
activities: Submission for OMB review; 
comment request. 
SUMMARY: The EIA has submitted the 
Petroleum Supply Reporting System 
surveys to the Office of Management and 
Budget (OMB) for review and a three-
year extension under section 3507(h)(1) 
of the Paperwork Reduction Act of 1995 
(Pub. L.104-13) (44 U.S.C. 3501 et seq.). 
DATES: Comments must be filed by 
November 20, 2003. If you anticipate that 
you will be submitting comments but find 
it difficult to do so within that period, you 
should contact the OMB Desk Officer for 
DOE listed below as soon as possible. 
ADDRESSES: Send comments to Bill 
Nickerson, OMB Desk Officer for DOE, 
Office of Information and Regulatory 
Affairs, Office of Management and 
Budget. To ensure receipt of the 
comments by the due date, submission by 
FAX (202-395-7285) or e-mail  
(William Nickerson@omb.eop.gov) is 
recommended. The mailing address is 
726 Jackson Place NW., Washington, DC 
20503. The OMB DOE Desk Officer may 
be telephoned at 202-395-7151 (A copy 
of your comments should also be 
provided to EIA's Statistics and Methods 
Group at the address below.) 
FOR FURTHER INFORMATION CONTACT: 
Requests for additional information 
should be directed to Herbert Miller. To 
ensure receipt of the comments by the  
due date, submission by FAX (202-287-
1705) or e-mail 
(herbert.miller@eia.doe.gov) is 
recommended. The mailing address is 
Statistics and Methods Group (EI-70), 
Forrestal Building, U.S. Department of 
Energy, Washington, DC 20585-0670. 
Mr. Miller may be contacted by telephone 
at (202) 287-1711. 
SUPPLEMENTARY INFORMATION: This 
section contains the following 
information about the energy  
information collection submitted to  
OMB for review: (1) The collection 
numbers and title; (2) the sponsor (i.e., 
the Department of Energy component); 
(3) the current OMB docket number (if 
applicable); (4) the type of request (i.e., 
new, revision, extension, or 
reinstatement); (5) response obligation 
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DESCRIPTION OF THE FORMERLY UTILIZED 
SITES REMEDIAL ACTION PROGRAM * 

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, temediaI 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 US, 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, 
including the objectives, scope, genera1 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 continud by the AEC, involved the development of technology and 
the production of nuclear 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 cteanup 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 faciiities 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 Controi Technoiogy Division, Assistant 
Secretary for Environment, US. Department of Energy, by the Aerospace Corporafion, 
March 1980. 



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 progiam. 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 [ASNEI). 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, 
Department of the Army. The headquarters for the MED, originally established in 
New York, was transferred to Qak 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 
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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 &-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 II - 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 
avaiJable 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 ail 
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 
(pitchbiende) as quickly as possible to guarantee 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 tietals’ 
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, Tennesssee; 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 & ?a* . 

African Metals maintained ownership of the 
lllngs that contained radium and other precious met&s. 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. 

*0y the end of 1946, MED had contracted for approximately 3,800 tons of U OS from 
over 29,000 tons of African ore containing from 5 to 65 percent uranium oxid . *t? 

**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. 



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 ail 

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 JQ as eturned to African Metals and some ls 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 refined 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 
the MED. Because the Canadi &I 

O8 in the form of black oxide had been delivered to 
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% 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, *+ for processing to “yellow cake” (10 to 
15 percent IJ308) that, in turn, went to the Linde refinery at Tonawanda, New York. 

Concurrent with the U.S. Vanadium Corporation 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, a onsburg, Pennsylvania, 2k 

*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 5O-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 uraniui oxide, and, by-$&e 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 arcs to a sandy materiai. Acid was used to 
dissoive 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 (Na2U207) 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 piant, St. Louis, Missouri, and by E.I. du3Pont 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) obtairied from u anium scrap processing. About one-half of the 3 
du Pont output 4 &as from 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 (UFq) by du Pont, 
Harshaw, Mallinckrodt, and Linde.* 

Eiarshaw 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 
Eiectromet, Niagara Fails, New York. Scrap metal recovery operations were 
conducted at Metal Hydrides, Inc., Beverly, Massachusetts, and Iowa State College. 

Uranium mktals 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 us-e in the weapons development program, , 

Quality control of various processes in the ore/metal production chain was performed 
by the University of Chicago, Metaiiurgy 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 
Wddon Spring under Mailinckrodt and the Feed Materials Processing Center at 
Fernald, Ohio, under the National Lead Company of Ohio. The tatter 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 Burrell 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 eaily 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 monatite 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, Cleveiand, 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). 

A- 



0 Surf ace Contamination 
~~ 

*‘Guidelines for Decontamination ‘of %acilities and Equipment Prior to 
Release for Unrestricted Use or Termination of Licenses for By-product, 
Source or Special Nuclear Material,n 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. 

Radon Daughter Products and External Gamma Radiation Exposure 

A regulation based on the Surgeon General’s 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. 

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: 4OCFRl92, 
“Interim Cleanup Standards” and “Final Cleanup Standards for 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 I941 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 and thorium. This program also inciuded the storage of radioactive 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 characteristics of uranium ore 
and residual material from its processing, many of these sites became contaminated 
with radioactivity as a result of work done for the government. 
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In several western states, uranium mill tailings (a waste produkt 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 AEC 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. 9F 
604) under which the DOE was authorized to enter into cooperative agreements with 
various states for undertaking remedial actions at certain designated inactive 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 directed 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 ’ 
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. 



Existing statutory authority has been reviewed by the DOE, in addition to all available 
contract, property records and other f$es, to detqm.jpe the extent to which the DOE 
could exercise its existing autborrty under the Atomic Energy Act of 1954, as 
amended, to perform remedial action work under the FUSRAP program. As part of 
this study, consideration was given to the extent to which the MED and the AEC wouid 
have been contractually responsible for the costs of decontamination, and whether the 
contractors and/or property transferees involved recognized the presence of the 
contamination when they closed out their contracts with the United States 
Government. This review has shown that authorization exists for remedial action at 
10 sites. \ 

I ‘I 
Unlike the uranium mill tailings sites, none of the FUSRAP facilities were at any time 
licensed for conducting the MEDlAEC activities because many were either in 
operation before licensing requirements were established or were excluded from the 
licensing requirements pursuant to Section 110 of the Atomic Energy Act of 1954, as 
amended. Three sites, Gilman Hall at the University of California, Berkeley, 
California; Linde Air Products at Tonawanda, New York; and the University of 
Chicago, are currently licensed under the NRC or the Agreement State provisions of 
the Atomic Ener from the FUSRAP 

sufficient licensing 

The EPA is responsible for establishing radiological standards of general applicability 
for properties refeased for unrestricted use; the NRC has responsibility for 
establishing criteria and standards for restricted use sites that would be licensed. The 
NRC criteria would be basically modeled after IOCFRBO Appendix A, proposed 
regulations for licensed active uranium mill tailings sites. 

. 

New Authority Needed 

Broader authority is needed to conduct remedial action at the formerly utilized 
MED/AEC sites that are determined by established criteria to pose a potential threat 
to the public or to the environment because of their radiologicaJ contamination. The 
new authority should include any location where the MED or the AEC activities 
resulted in residual contamination exceeding established standards, including 
associated properties that became contaminated from these activities. Sites that are 
licensed by the NRC or by an ARreement State under Sectio’n 274 of the Atomic 
Energy Act of 1954, as ame;ded, &uid be excluded from the authorization. -a 

: 
. 

The authority would not include sites currently owned or leased by the DOE since no 
clarification of authority is needed for these sites. However, new authority is needed 
for the DOE to perform remedial actions at three properties that were formerly owned 
or leased by the Federal Government. These properties* were transferred to the 
present owners by quitdaim deeds or other documents under which the present owners 
released the Federal government from all responsibility for claims relating to the 
presence of the residual radioactive materiai. These sites are being included in the 
scope of the FUSRAP in order to expedite cleanup and to provide for the long-term 

*St. Louis Airport storage site, Palos Park Forest Preserve, and Ashland Oil Company. 
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Federal management at the site, or at new federally owned disposal sites. This 
approach is consistent with the recommendations of the Interagency Review Group on 
Nuclear Waste Management. 

In addition to the formerly utilized MED/AEC ‘sites, there are other contaminated 
sites that were used for processing and using of radium-containing ores. At some of 
these sites, work was performed for the Federal Government. Authority is needed to 
identify and conduct radiological surveys at all such sites known to contain radioactive 
material above background levels that resulted from the processing of uranium or 
thorium ores and/or their daughter products, including radium, for the purpose of 
informing Congress of the extent of contamination and of the estimated cost for 
remedial action, 

Under the existing and proposed new authority, radiological conditions at the 
MED/AEC sites would be assessed, relative priorities established on the basis of the 
potential health hazard,‘and determination made to conduct remedial action if present 
site conditions or possible unrestricted future use would constitute a risk to the public. 
Restitution to the Federal Government for the costs of remedial action would be 
provided for if the identity of any person having legal responsibility to clean up a site 
could be determined. Currently, the DOE is contacting those parties it has reason to 
believe could be shown to be legally responsible for remedial action at a site, to secure 
their agreement to undertake clean-up operations, or for the reimbursement of 
expenses that may be incurred by the DOE for remedial actions. 

For the states containing MED/AEC sites, the DOE Secretary would consult with the 
state to determine whether it is unreasonable to remove sufficient contaminated 
material from the site to release it for unrestricted use, or whether residual 
radioactive material could be stabilized onsite as a permanent disposition action. 
Initially, the DOE would acquire the MED/AEC sites for remedial action purposes and 
to minimize health effects or to prevent windfall profits. Any property acquired or 
dedicated for use as a permanent disposal site would be licensed by the NRC. 
Affected states in which radioactive contaminated sites are located would be 
responsible for locating suitable disposal sites for the residual radioactive material; 
initially, the DOE would acquire this property. The disposal sites could be transferred 
to the state by agreement to accept ownership and custodial responsibilities. The DOE 
would have authority to provide financial support to the state in carrying out the 
custodial responsibilities. 

The EPA Administrator would be authorized, in consultation with the DOE Secretary, 
to develop health and environmental standards of general applicability for residual 
radioactive materials at formerly utilized sites that are to be released for unrestricted 
use. These general standards would supplement and be consistent with standards 
established by the Administrator under the Uranium Mill Tailings Radiation Control 
Act of 1978. Where such standards do not exist, the Administrator would be required 
to promulgate the needed standards within a specified time. 

The DOE Secretary, in consultation with the EPA Administrator, could promulgate 
remedial action standards for each site at which the Secretary determines it is 
necess;zy to begin remedial action before the Administrator promulgates standards of 
general application, 

The DOE has proposed legislation to provide the needed authority. This’ proposed , ” 
legislation is under review by other Federal agencies and the Office of Management 
and Budget. 
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5.0 FUSRAP Program Description 

Objectives of Remedial Action 

The objectives of the FUSRAP are to: 

0 identify former MED/AEC sites 
0 Characterize their radiological condition 
0 Decontaminate sites as required and pursuant to authorization and 

appropriation by Congress 
0 Develop acceptable disposal and stabilization sites in consultation with 

the affected states, and ultimately 
a Certify the acceptability of the sites for future use. 

The effort to accomplish the first two of these objectives has been initiated. The 
authority sought under the legislation proposed by the DOE is necessary in most cases 
to accomplish the remaining objectives. 

\ 
Scope and Problem Definition 

. 

The scope of the FUSRAP program is confined to those MED/AEC sites that were 
formerly under contract to, or owned by, the government and were involved in the 
handling, processing, and storage of radioactive materids. The materials processed 
consisted primarily of pitchblende and carnotite ores, and other materials from which 
uranium and thorium were recovered as products. The products of the processing 
included uranium and thorium metals and compounds. Waste by-products were also 
produced that generally contained low levels of radioactivity due to residual quantities 
of uranium, thorium, and their radioactive decay products. in some cases, these 
contaminants have migrated offsite. Radium contamination is a major concern 
because it decays to a radioactive gas, radon, that diffuses into the air and can be 
inhaled. Furthermore, the radon decays to radioactive solid materials that can also be 
inhaled or ingested. 

Also included in the sites discussed in this report are Pales Park, Illinois, where the 
remains of two research reactors are buritd; Chupadera Mesa, New Mexico, which is 
near the location of the Trinity atom bomb test; and two other sites at Los Alamos, 
New Mexico, involved in the nuciear weapons development program. At the Paios 
Park site, the primary contaminant of concern appears to be tritium. At the sites 
involved in weapons development, plutonium and other nuclides such as uranium-235 
and strontium-90 are of concern. 

Approach to Remedial Action 

Consistent with the objectives of the FUSRAP, sites are being identified by searching 
through the MED/AEC records and by publishing- press releases asking for public 
assistance in identifying the sites. After a site has been identified, it is assigned to 
one of the DOE national laboratories whose responsibility is to assess the site’s 
radiological condition. This is accomplished by performing a records search, reviewing 
old radiological survey documents, and performing radiological surveys as rquired. A 
series of engineering studies and environmental reports, in&ding those prescribed by 
the National Environmental Policy Act (NEPA), will be prepared to evaluate remedial 
action dternatives. After the .evaluation of the alternatives, appropriate measures 
(remedial actions) will b e selected and implemented, and the resulting contaminated 
wastes will be disposed of in a manner that ensures public safety and compliance with 



the provisions of the Atomic Energy Act of 1954, as amended, and related NRC or 
Agreement State licensing requirements. In some cases, the residual radioactivity will 
be stabilized onsite in accordance with the provisions of a license from the NRC or 
Agreement State. When a site is decontaminated sufficiently to comply with the EPA 
standards for unrestricted use, it will be certified for release by the DOE. During the 
course of the investigation, the public will be informed, through press releases for 
example, of the nature of the MED/AEC work done at the site, the contamination 
potential, survey results, and remedial actions undertaken. Detailed reports of the 
survey findings will also be published by the DOE and, upon request, will be available 
to the public for a nominal fee, 

The approach to identification and eventual correction of radiological contamination 
at the MED/AEC sites or adjacent properties is dependent upon institutional issues 
which, in turn, impact the steps of the generic program plan for the FUSRAP. 

Institutional Issues. Three paramount issues must be addressed and solutions defined 
before remedial actions as outlined in the generic FUSRAP plan can be implemented: 

0 Legislative authority must be established by which the Federal Govern- 
ment (DOE) can act to correct problems of radiological contamination at 
formerly utilized sites. Although the DOE has implied authority at some 
sites, a large number of sites will require additional legislative authority. 

0 Radiological criteria must be developed for use as guidelines to deter- 
mine the extent of decontamination required at each site, to determine 
if a radiological problem exists, and to establish standards for 
unrestricted use. 

0 Disposal sites must be developed for ultimate disposal of contaminated 
material that is removed from the MED/AEC sites. 

Sequence of Events Leading to Remedial Action. Although each formerly utilized site 
will have certain site-specific characteristics, a general sequence of events can be 
outlined leading to the ultimate program objective, which is to preclude any future 
radiological problems at formerly utilized sites from previous MED/AEC activities. 

Figure 1 is a schematic presentation of the basic steps involved in the remedial action 
program. Step 2 determines which sites need remedial action. Sites needing remedial 
action must be addressed in each of the following steps. If no remedial action is 
necessary, only Steps 1, 2, and 8 are required. A brief discussion of each step follows. 

Step 1, Site Identification - The overall objective of this step is to identify and 
‘locate all candidate sites and to determine if any actions are required under the 
FUSRAP. 

The activities include a records search and review of information submitted by the 
public or industry in response to specific requests. When a site is identified as having 
been exposed to radioactive materials under the MEf./AEC activities, a records search 
will be initiated to determine the radiological condition of the site. If there is 
adequate documentation that indicates the site is not contaminated, the site will be 
certified as clean and no further action will be rquired. If the documentation or 
records are inadequate or indicate the site may be contaminated, survey efforts to 
determine or verify the radiological condition of the site will be initiated. These 
activities will be performed by the ASEV. 

-17 



0 SlSlIIfIES KEY WE DECS#OlS 

CWAMClERIZf 

ACTION 

\/ 

/.- 

YES 

a 
WTIATf 

63 

UOfIUC 

ant 
HELYfNAIY 

1lCEWlYt v- f3*LUAllOW 

. 

Figure 1. formeriy Utilized Sites - Basic Stew Involved in the 
Remedial Action Program 



A large portion of this step in the FUSRAP is complete. An effort has also been 
initiated to identify the disposition of quipment that may have been removed from 
the FUSRAP sites and also to identify the subcontractors to the MED/AEC contrac- 
tors. One concern is the location of material and quipment that was removed as part 
of the earlier AEC‘decontamination efforts. 

Step 2, Radiological Survey - The purpose of this step is to characterize the 
current radiological condition of those sites determined in the preceding step to 
require a radiological survey. A plan for the radiological survey of a specific site will 
be prepared, taking. into account the past and current activities at the site and 
associated radioactive material and potential contamination. The extent of the effort 
associated with a specif,ic site survey will depend on the data available. In some cases, 
earlier survey reports exist and only supplemental information is required to 
characterize the site; in other cases, no data are available and a radiological survey is 
required. The elements ?hat make up the complete radiological survey include the 
following:. 

. 

0 

0 Surface and subsurface deposits of radioactive material 
l Radionuclide concentrations in air 
l Radionuclide concentrations in vegetation samples. 

Measurements of fixed and transferable alpha and beta-gamma radiation 
on buildings and quipment surfaces 
Gamma-ray exposure rates 
Beta-gamma exposure rates 
Alpha exposure rates 
Radionuclide contamination in surface water and groundwater 
Radionuclide contamination in building drains and associated components 
Radionuclide contamination in underground drains and surf ace drainage- 
ways 

These activities will be performed by the ASEV. 

In order to place all measurements and results in the proper perspective with the 
surrounding area, measurements of a similar nature will be performed in areas not 
affected by the former MED/AEC activities. These results will be used to represent 
the natural background radiation of the area. Aerial radiometric surveys will also be 
performed in support of the radiological assessment, independent of the ground-level 
radiological survey. The most important result from this effort will be the identifica- 
tion of any unknown offsite contamination.. If the aerial survey indicates the presence 
of contamination not previously detected, the new area will be surveyed from the 
ground. . . 

When the field work is complete, a survey report that characterizes the radiological 
condition of the site will be prepared. The report or report supplement will aIso 
include, for contaminated sites, an evaluation of radiation exposures to man from 
known radiation exposure pathways at the site. This evaluation will outline the levels 
of radioactivity and extent to which humans could be exposed in the course of normal 
site activity. These levels will be compared to levels of exposure received from 
normal background sources of radiation to place the exposure in perspective. The . 
evaluations will be prepared on the basis of the conditions at the site’during the 
radiological survey. In cases where the possibility of radiation exposure above 
background levels is identified, either summaries or the complete report will be 
submitted to appropriate state regulatory authorities, the EPA, and the NRC. 

-14, 



Upon public release of the report, or before, meetings will be held with affected 
property owners and concerned agencies to explain.the results of the survey and the 
future DOE plans for action. PreG releases wif1 also be used to inform the public and 
provide an accurate basis for understanding the results of the radiological survey. 

Step Za, Determine the Need for Remedial Action - The radiological status 
report wiif be reviewed and will provide the basis for a determination bv the DOE as to 
whether remedial action is required to remove or reduce residual radioactive materials 
to levels that conform to the applicable EPA, NRC, or DOE standards, induding those 
to be developed pursuant to the proposed legislation. This determination will be 
performed by the ASEV and provided to the ASNE, who will be responsible for 
accomplishing the remedial action. 

Step 3, Initiate Scoping - The purpose of this step is to begin the process of 
identifying the specific aiternative remedial actions to be examined and, as appro- 
priate, the candidate disposal sites. This step will involve interactions with the 
affected state and local authorities, the EPA, the NRC, and other appropriate 
agencies. The principle issues to be examined will be identified, and the responsibiii- 
ties, schedule, and appropriate interfaces for conducting the necessary studies will be 

- agreed upon. A key output is for the state to identify candidate disposal sites for 
subsequent study during the engineering and environmental evaluation. To obtain this 
information, the DOE would work with the states and support screening studies. Two 
disposal options will generally be evaluated: a permanent disposal site within the state 
where the wastes are generated, and a regional disposal site for remedial action 
wastes from states within the region. Regional sites that could satisfy the needs of 
several states is a preferred option to minimize the number of disposal sites. 

Step 3a, Engineering Evaluation - Engineering evaluations will be required only 
for those sites for which radioactivity is found to exceed the established health and 
safety guidelines (e.g., see section 3.0) and/or the standards to be developed. The 
engineering evaluation will in&de assessment of existing conditions for the site as 
well as surrounding properties. The scope of the effort will include the f oilowing: 

l 
0 
l 

l 

0 

0 

0 

Verification of property ownership 
Preparation of descriptive maps and site plans 
Analysis of radiological surveys to determine decontamination require- 
ments and identify and collect any supplemental data needed for a sound 
engineering evaluation of remedial action options 
Performance of an engineering assessment of the decontamination or 
demolition of structures 
Engineering evaluation of removal, transport, interim storage, and 
permanent disposal options for contaminated soil, structures, debris, and 
other materials 
Evaluation of suitable means of stabilizing residual radioactivity, where 
appropriate, including investigation of pertinent aspects of site geology, 
hydrology, and meteorology 
Analysis of alternative remedial action options including preliminary 
projcct plans for the remedial action and disposal sites, specifications, 
and cost estimates 
Preparation of summary reports. 

Step 3b, Environmental Analysis - The objective of the environmental analysis 
is Eo provide an environmental evaluation of the remedial action options covered by 
the engineering evaluation. The anaiysis will discuss the environmental impacts of the 



present condition of the site, stabilization of the material onsite and/or decontamina- 
tion of the site, and removal of the material to a temporary storage or to a disposal 
site. This analysis will provide a basis for determining whether a major Federal action 
is involved that may require the preparation of an environmental impact assessment or 
impact statement conforming to. the requirements of the NEPA. Environmental 
analysis and comments on the analysis will be used as input to support decisions 
regarding the need for the NEPA process. The analysis will include a review of the 
impacts of the options during and after any remedial action and wiI1 cover the full 
scope of environmental concerns as well as radiological effects. 

Step 3c, Evaluate Remedial Action and Waste Disposal Options - The engineer- 
ing evaluation and environmental analysis produced in Steps 3a and 3b above will be 
evaluated by the DOE to identify the preferred option and reasonable alternatives. In 
this step, the DOE will advise the appropriate Federal, state, local agencies, and the 
public of the results of. the preliminary engineering evaluation, the environmental 
analysis, and the DOE conclusions regarding the preferred option and reasonable 
alternatives. The DOE will seek their preliminary reviews and comments. 

The risks, benefits, and costs of each remedial action and disposal option will be 
considered in the selection of the proposed remedial action. Factors affecting the 
remedial action, including environmental issues, technical issues, and public opinion, 
will be considered in the risk, benefit, and cost analyses. In selecting or proposing 
remedial action, emphasis will be given to determining the most practical and 
expedient means to eliminate or limit exposure to the public. If it is determined that 
material must-be moved and no permanent disposal site is available at the time of the 
implementation of an action, the alternative of moving the contaminated material and 
stabilizing it at an interim storage site located at or near the contaminated site will 
be examined. It is assumed that the DOE will have ownership and maintenance 
responsibilities for all stabilized sites, interim storage sites, and permanent disposal 
sites except where the affected states agree to accept ownership and custodial 
responsibilities. it is also assumed that the stabilized sites, temporary storage sites, 
and the permanent disposal sites will be licensed by the NRC and will meet the 
relevant criteria of the proposed NRC regulations (basically modeled after 10 CFR 40 
Appendix A). On the basis of this interagency and public review, the DOE will develop 
its proposals for remedial action and waste disposal options. 

Step 4, Propose Remedial Action and Disposal Options - The remedial action 
and disposal option proposed by the DOE Secretary, and the reasonable alternatives 
will be identified and documented for the conduct of the NEPA process in Steps 5a, JSb, 
and 5c 

Step 5a, NEPA Process for Remedial Action - Onsite Stabilization - When the 
remedial action is proposed, the available data will be reviewed to determine if the 
proposed action is a major Federal action that will have a significant impact on the 
environment and what NEPA documentation is rquired. This review will also ensure 
that the data collected in the environmental analysis cover all environmental issues. 

If required, the data developed during the environmental analysis step, along with any 
additional data required, will be used in the preparation of an environmental impact 
assessment (EIA) or an environmental impact statement (EIS). The NEPA documen- 
tation will be prepared as outlined in the CEQ NEPA Regulations (Title 40 CFR, Parts 
1500.1508), the DOE NEPA guidelines (45 FR 20,594.20,701, March 28, 1980), and the 
DOE Order 5440.1. As noted in Figure 1 and discussed below, the NRC licensing 
process will be initiated in parallel with this step. 
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Step 5b, NEPA Process for Remedial Action - Offsite Disposal Options - In this 
step, the MED/AEC site and the candidate disposal $tes that were identified in Step 3 
by the affected state in consul&& with the DOE, will be evaluated in parallel 
through the NEPA process to provide the basis for selecting the disposal site. The 
NEPA process will be conducted as outlined in the CEQ NEPA Regulations (Step 5a). 
As noted in Figure 1 and discussed below, the NRC licensing process will be initiated 
in parallel with this step. 

Step 5c, Selected Rem&f Action - At the conclusion of the NEPA process for 
both onsite remedial action or offsite disposal,’ the DOE will issue a Record of 
Decision announcing the selected remedial action and a decision as to how the 
radioactive materials will be permanently diposed. 

The selection of the disposal site option will take into consideration the preliminary 
NRC licensing evaluation of the site, as appropriate. 

Step 6, Remedial Action Engineering Plan - An engineering plan for the 
proposed action will be prepared, containing detailed plans and specifications for 
implementation of the selected remedial action alternative including, as appropriate, 
at the disposal site. The engineering plan will present detailed cost estimates, work 
plans, and schedules that define the engineering aspects of the remedial action and 
will be used to contract for the remedial action. 

. 

During this step, a license application for either stabilizing onsite or for offsite 
disposal will be prepared and submitted to the NRC. 

Step 7, Implement Remedial Action and Monitoring - The remedial action 
contractor will conduct the action in accordance with the contract and as outlined in 
the engineering plan. 
disposal site. 

Part of this step, where appropriate, wili be the preparation of a 
It will also include initiation of the operation, surveillance, and/or 

maintenance step that will continue as long as the site is used as a repository for these 
wastes. Independent monitoring by the DOE-ASEV will be conducted during the 
remedial action, and periodic status reports will be prepared. 

Step 8, Certify Site Condition - During and upon completion of the remedial 
action, radioiogical surveys will be performed by the DOE-ASEV to verify the 
effectiveness of the remedial action, and the radiological condition of the site 
requiring remedial action will be documented. If the surveys verify that the levels of 
,residual radioactive materials meet the established standards for unrestricted use, the 
site will be released for use without restrictions. if the surveys do not verify that the 
residual radioactivity meets the levels within the standards for*unrestricted use, then 
further remedial action measures will be prescribed. 

To assure control and enforcement of restrictions on %tabilized” sites, ownirship by 
the Federal Government or the state will be required and the sites will be licensed by 
the NRC or the state. Disposal sites will be treated in a similar fashion, Such 
controls may permit ‘some beneficial land use, such as making the area into a park 
where no permanent structures may be constructed, or possibly continuing the use of 
the site for other regulated nuclear activities. in any case, upon completion of the 
remedial action, a final report will be prepared documenting the entire remedial 
action effort and the radiological condition of the site. The final report will also note 
the quantity of material removed from the site and its disposition. -The final report 
and aU supporting documentation wiU be stored in permanent Federal Government . _ .- 
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archives and copies or summary material will be placed in the records of appropriate 
local and state agencies and recorders-offices. 

Status of Sites . . . 

As a result of the DOE efforts to identify the former MED/AEC sites, investigations 
to determine the radiological status of over 70 sites were or are being completed. 
Based on data collected to date, the DOE has determined that 18 sites will require 
some form of remedial action (as identified in Table 1) and 13 other sites are likely to 
require remedial action by the DOE. 

Table 2 lists the 31 sites being considered and the current status of remedial action as 
of January 31, 1980. Figure 2 shows the location of these 31 sites. Radiological 
surveys of uniform character have been conducted at 20 sites, of which 19 reports 
have been issued in draft, and 13 in final form. The remaining 11 sites have been 
surveyed with less rigor and will require more detailed surveys that are scheduled to 
be undertaken. Conceptual engineering evaluations have been initiated at five sites 
with final reports completed for two of those sites. Detailed engineering plans have 
been initiated at two sites. Remedial action has begun at a number of sites where 
there is existing DOE authority to conduct such actions. Implied authority for the 
undertaking of remedial action exists at 13 sites and must be clarified at 18 sites. 

Appendix A to this document provides brief information summaries for each site. 

6.0 Estimated Costs for Remedial Action Program 

Preliminary cost estimates have been developed for remedial action for each 
MED/AEC site* and are summarized in Table 3, excluding those sites that are licensed 
by the NRC or Agreement States (Gilman Hall, University of Chicago, and Linde). 
These estimates are considered to be the upper bound of costs as explained below. 
Estimated costs for the remedial action program by work phase and by fiscal year are 
presented in Figure 3. Estimated costs of remedial action by site and by state are 
presented in Figure 4. The basis for the estimates are decontamination and 
restoration to unconditional public use using containers for waste transport, rather 
than bulk carriers and transportation of 500 miles to regional disposal sites. 

Key Issues Affecting Costs and Schedule. Major factors influencing the cost of 
remedial action at the MED/AEC sites are: 

l The option chosen for remedial action, either removal of contamination and 
restoration for unrestricted use by the public or permanent stabilization of 

. existing contamination on the formerly utilized site to minimize exposure of 
the public with appropriate controls e 

l Criteria and standards for decontamination or stabilization 

*“Formerly Utilized Sites Remedial Action Program - Preliminary Cost Estimates” 
prepared for USDOE Oak Ridge Operations Office Technical Services Division by Ford, 
Bacon & Davis Utah Inc., October 1979; and radiological survey, environmental 
monitoring, and certification cost estimates from the ASEV. 

-1% 



Table 1 

MED/AEC SITES FOR WHICH A DETERMINATION 
HAS BEEN MADE THAT REMEDIAL ACTION IS REQUIRED* 

Site 

Ashland Oil Company, Tonawanda, New York 
Bayo Canyon Area, Los Alamos, New Mexico 
Clecon Metals, Inc., Cleveland, Ohio 
Gilman Hall, University of California, 

Berkeley, California** 

TBD 

M,H 
L 

Conserv Inc., Nichols, Florida 
E. I. du Pont de Nemours and Company, Deepwater, 

New Jersey 

L/M 
L 

Gardinier, Inc., Tampa, Florida M 
Guterl Special Steel Corporation, Lockport, New York L 
Kellex Research Facility, Jersey City, New Jersey H 
Lake Ontario Ordnance Works Associated Properties, TBD 

Lewiston, New York 
Linde Air Products, Tonawanda, New York** 
Mallinckrodt, Inc., St. Louis, Missouri 
Middlesex Municipal Landfill, Middlesex, New Jersey 
Middlesex Sampling Plant, Middlesex +nd Piscataway, 

L 
H 

ii 
New Jersey 

Palos Park Forest Preserve, Cook County, Illinois 
St. Louis Airport, St. Louis, Missouri 
Seaway Industrial Park, Tonawanda, New York 
Seneca Army Depot, Romulus, New York 

M 
TBD 
TBD 

-L 

Key: L = Low 
M =Medium 
H =, High 

TBD = To be determined 

Health 
Priority 

*Based upon DOE determinations completed through March i9Sb; determinations on 13 
additional sites are in progress. 

**licensed by Agreement State provisions of the Atomic Energy Act of 1954, as 
amended, and excluded from FUSRAP; these licenses provide for site decontamination. 
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Table 3 
ESTIMATES OF REMEDIAL ACTION COSTS BY MED/AEC SITE* 

Acid/Pueblo Canyon Area, Los Alamos, New Mexico 
Albany Metallurgical Research Center, 

Albany, Oregon 
Ashland Oil Company, Tonawanda, New York 
Bayo Canyon Area, Los Alamos, New Mexico 
Chupadera Mesa Area, White Sands Missile Range, 

New Mexico 
Clecon Metals, Inc., Cleveland, Ohio 
Conserv Inc., Nichols, Florida 
E. I. du Pont de Nemours and Company, Deepwater, 

New Jersey 
Gardinier , Inc., Tampa, Florida 
W. R. Grace & Company, Curtis Bay, Maryland 
Cuter1 Special Steel Corporation, Lockport, New York 
Harshaw Chemical Company, Cleveland, Ohio 
Iowa State University, Ames, Iowa 
Kellex Research Facility, Jersey City, New Jersey 
Lake Ontario Ordnance Works Associated Properties, 

Lewiston, New York 
Mallinckrodt, Inc., St. Louis, Missouri 
Middlesex Municipal Landfill, Middlesex, New Jersey 
Middlesex Sampling Plant, Middlesex and Piscataway, 

New Jersey 
National Guard Armory, Chicago, Illinois 
Olin Corporation, Joliet, Illinois 
Palos Park Forest Preserve, Cook County, Illinois 
St. Louis Airport, St. Louis, Missouri 
Seaway Industrial Park, Tonawanda, New York 
Seneca Army Depot, Romulus, New York 
Shpack Landfill, Norton, Massachusetts 
Universal Cyclops, Inc., Aliquippa, Pennsylvania 
Ventron Corporation, Beverly, Massachusetts 
Watertown Arsenal, Watertown, Massachusetts 

$ 1,900,000 
3,000,000 

29,000,000 
2,800,000 

180,000 

2,400,OOO 
660,000 

3,000,000 

2,300,OOO 
17,000,000 
1,100,000 
9,000,000 

570,000 
1,400,000 
3,000,000 

26,000,OOO 
50,000,000 
48,000,000 

710,000 
680,000 

7,100,000 
98,000,000 
24,000,OOO 

860,000 
2,200,000 
1 .ooo.ooo 

'S8O;OOO 
630,000 

$338,000,000 

i -;p$Upper boundary of costs for removal and disposal option. 



Fmn 3 Work S&dub md Fun+g Requirsmarrts for Rtiial Action at HED/AEC Sitss 

Work Activltks ’ 

1. fldobgkd -ratIon, Emttomrmrtrl 
Illknit-, Cwtlfkrtkn 61 Ovmkw 

2 En&awh Andysn, Onion, md Support 
3. fnvkonmentrl Andym, As sawnants), andsupport 
4. Doawtwnhti mtd Rosfdua Rwkrrl 
6. conmkmiztiof Raddun 
6. franspo&t&n of Rnklun 
7. Diqmsd of R&ha 
8. conti~ncy (18% of sum ot ltwm 2-7) 

Work Sdwiul, by Fiscal Yan 
1960 1961 1962 1963 1964 1965 1966 1967 19fM _ 1969 EstlmrtadCotn 

I I 1 I I I 
t 22,700,000 

~2rn,ooo 
13,100,000 
49,ooo,ooo 
fww~ 
46,000,000 
91,tKw,O60 
41,100,000 

$336,ooo,m Tad 

NOTE: Enthnata bed ON ntrk+ky contahrlrIn#, bmmporthg, md dfymu( of rn rrtimrtod 500,066 cubk yrtdc of @oil and rubbk at thr following avrragm 
un+t costs Wcubk yard) in FY lwll ddlm: 1 

StCubk Yard 
Conbmlnated mldua ratrlwrl 112 
Conthwhnion of roddun 138 
Tmwportatkn of r&ha (699 mlln to roglarcrl dlspoul tltr) 110 
,Dbpowl of r&dues 206 

fhtfmater of Annual Budget Authorlrrtloo Roqurrtr in FY 1961 Dollrn 

Fiwof Yaw . Amount Fiscal Yew Amount 

1966 $ 9,406,699 1966 $ 46.200,OOO 
1961 13,89O,oO6 1986 46,000,006 
1962 21,360,OfM 1987 50,800,ooo 
1963 32,600,ooO 1966 42,600,OOO 
1964 36,090,000 1969 35,390,006 

$336.000,006 
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l The method of packaging of materials for transport generated by decon- 
tamination, generally, either containerized or bulk 

l Location of disposaI 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 uptake 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 pubIic 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 developing 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, 
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Location of Disposal Sites. Transportation to a site for disposal of the contaminated 
material removed from the MED/AEC sites may be a significant factor in the cost of 
remedial action. The major factor in cost is the distance for transport of either 
containerized material or bulk quantities via truck or rail. Depending upon the 
location of the sites requiring decontamination and restoration, a suitable regional 
disposal site may be found that could satisfy the needs of more than one state. 
Cooperative efforts between states will be encouraged to jointly solve this common 
problem. The DOE will cooperate and support the states in this site selection activity. 
Cost estimates were based upon transportation costs associated with shipment of 500 
miles to a regional disposal site. 

Type of Disposal Sites. Sites for disposal of residues contaminated from the former 
MED/AEC use may be federally owned or state-owned. To ensure long-term 
institutional control of the disposal site, privately owned sites are not acceptable. 
This approach is consistent with that used ln the Uranium Mill Tailings Radiation 
Control Act of 1978, and the criteria proposed by the NRC for the privately owned 
uranium mill tailings sites. Restriction of access to the site, and monitoring and 
surveillance requirements, will require administrative control that can be accom- 
plished by either Federal or state ownership and custody of the site. Costs of 

- operation of a disposal site for contaminated residues must reflect the quantities of 
wastes to be handled and the time. period of active and passive controls. 

These costs will be affected by whether the site is a single-use site or a multiple-use 
site. 
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SITE SUMMARY- REPORTS 

INTRODUCTION 

The information contained in the following MED/AEC site summary reports represents 
the current knowledge of radiological conditions at, and former government use of, 
each site. In some cases, additional work necessary for complete characterization of a 
site is underway or planned. 

Throughout the summary reports, reference is made to “current guidelines” for 
contamination and exposure levels. The guidelines discussed in section 3.0 Appendix A 
provides brief information on each site as follows: 

0 Owner history - from the MED/AEC period to the present 
0 Site location 
0 Site utilization during the MEDfAEC period 
0 Use of site since the MED/AEC period 
0 Radiofogical history - results of surveys conducted and relative contami- 

nation levels 
0 Remedial action options and costs 
0 Project status - current status of surveys, engineering studies, recom- 

mendations for remedial action, and existing or implied authority for 
future remedial action. 
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ACID/PUEBLO CANYON AREA 
LOS ALAMOS, NEW MEXICO 

OWNER HISTORY 
1943-1967: U.S. Government 
19670Present; Los Alamos County and U.S. Government (upper Canyon) 

SITE LOCATION 
Acid and Pueblo Canyons are located adjacent to the townsite of Los Alamos in north 
central New Mexico, about 25 miles northwest of Santa Fe. These canyons are two of 
many canyons cut into the Pajarito Plateau. Acid Canyon is a tributary of Pueblo 
Canyon. - 

’ MED/AEC SITE USE 
These deep canyons were the discharge area for untreated radioactive liquid wastes 
between 1943 and 1951 resulting from research and processing at the Los Alamos 

. Scientific Laboratory. Starting in 1951, treated radioactive effluents were discharged 
into the canyon from a liquid-waste-treatment facility which operated until 1964. 

POST MED/AEC SITE USE 
The area is unrestricted to public access and is used on a limited basis for recreational 
purposes. 

RADIOLOGICAL HISTORY 

Plutonium, americium, and fission products were discharged into the canyons in liquid 
effluents during the years 1943 to 1964. The first survey of Acid Canyon, for purposes 
of cleanup, was made on August 31, 1965. On October 4, 1966, work commenced on 
removing the waste-treatment-facility structures. Five-hundred truckloads of 
demolition debris and dirt from this location were removed. Ninety-four loads of 
debris from Acid Canyon were placed in a solid-waste disposal area within the 
currently operational Los Alamos Scientific Laboratory site. This decontamination 
activity included the removal of all drain pipes, wires, rocks, tuff, and other debris 
found contaminated in Acid and Pueblo Canyons. This work was completed in 1967, 
and it was reported that a small amount of contamination remains in inaccessible 
places. 

In November 1973, it was reported that plutonium concentrations in filtered surface 
waters in Acid Canyon and the adjacent portions of Pueblo Canyon generally averaged 
about 20 picocuries/liter. A limited number of samples of the alluvium taken in 1970 
indicated plutonium concentrations of 27 picocuries/gram in lower Acid Canyon, 4.6 
picocuries/gram in Pueblo Canyon 1 mile below the Acid Canyon outlet, and 1.1 
picocuries/gram 2 miles below Acid Canyon. 

Some radiological and environmental surveillance evaluations have been completed and 
dot umented for Pueblo Canyon. Several hundred soil and sediment samples were 
collected for the present detailed radiological survey during 1977. Data show some 
limited areas in the canyons that exceed the EPA-proposed soil screening guides for 
plutonium concentrations. Measurements of penetrating radiation showed no areas 
that exceed radiation protection standards. 



REMEDIAL ACTION OPTIONS AND COSTS . . 
Some form of remedial action may be required and could include stabilization and/or 
decontamination by excavation of the cliff face, outfall area, cliff base and channel, 
and the Acid Canyon stream bed. Seventeen-hundred cubic yards of contaminated 
material would be produced. The estimated cost is $l,VOO,OOO. I 

PROJECT STATUS 

Following the completion of the radiological survey report, the Assistant Secretary for 
Environment will determine whether the site requires remedial action. Work has been 
initiated on an Engineering Evaluation Report-Title I. Authority to implement a 
remedial action exists under the Atomic Energy Act of 1954, as amended. _ 

. 

. 



ALBANY METALLURGICAL RESEARCH CENTER 
ALBANY, OREGON 

OWNER HISTORY 
The site has been and is currently owned by the Bureau of Mines, U.S. Department of 
the Interior. 

SITE LOCATION 
The site is located in Albany, Oregon, approximately 23 miles south of Salem. Eight 
buildings and their surroundings were used for former MED/AEC activities. 

MED/AEC SITE USE 
From 1954 to 1971, the Albany Metallurgical Research Center was engaged in 
metallurgical operations involving thorium. 
machining, welding, and alloying. 

Operations included reduction, melting, 
Research on alloys of uranium and thorium started 

in 1955 and continued to 1978: 

POST MED/AEC SITE USE 
Research involving uranium and thorium was suspended in 1978. Onsite areas that 
contain contaminated soils have been fenced to restrict access. None of the buildings 
are currently used for uranium or thorium alloy research. 

RADIOLOGICAL HISTORY 
At the time that the original AEC contract was terminated (approximately 1960), 
these buildings were decontaminated according to the general guidelines provided by 
the AEC to the Bureau of Mines. These guidelines were not as specific as later 
guidelines, and there ls no record that the final decontamination was documented. 
Contaminated materials, equipment, or wastes generated under the AEC contracts 
were removed from the site for disposal. 

The Argonne National Laboratory (ANL) conducted a radiological survey of these 
buildings and grounds in 1978 and found contamination that exceeded current 
guidelines for unrestricted use still existed on surfaces and that some areas of soil 
were contaminated with uranium and thorium. As an interim measure, the Bureau of 
Mines has fenced in areas of contaminated soil to restrict access. Some additional 
survey work, including an aerial radiometric survey, was conducted in 1979, and some 
subsurface investigations are scheduled for 1980. ANL is preparing a radiological 
survey report to document ail survey activities. 

No significant public health impact exists due to restricted use of the contaminated 
areas; however, potential health impacts could result lf usage was changed. Interim 
access control measures have been employed. 

REMEDIAL ACTION OPTIONS AND COSTS 
Remedial action may be required and could involve excavation of contaminated soils, . 
decontamination of buildings and removal of structural elements and plumbing. 
Thirty-seven-hundred cubic yards of contaminated material -could be .produced. The 
estimated cost for remedial action is $3,000,000. . -. 
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PROJECT STATUS 
A radiological survey has been completed and a final report is in preparation. Upon 
completion of this report, the Assistant Secretary for Environment will determine 
whether remedial action is required. Authority to implement remedial action exists 
under the Atomic Energy Act of 1954, as amended. 

. 



ASHLAND OIL COMPANY 
TONAWANDA, NEW YORK 

OWNER HISTORY 
1943-1944: 
1944-1960: 

E. Haist et al. - leased by MED 
U.S. Government 

1960-Present: Ashland Oil Company 

SITE LOCATION 
The IO-acre site is located in a large industrial area in Tonawanda, New York. It is 
adjacent to the Seaway Industrial Park, another formerly utilized MED/AEC site. 

MED/AEC SITE USE ’ 
From 1943 to 1946, the site was used for disposal of uranium-processing residues from 
the Linde Air Products Division-Union Carbide Corporation ore refinery operations. 
Eight-thousand tons of residue containing approximately 0.54 percent uranium were 

- spread over two-thirds of the site to a depth of 1 to 5 feet. 

POST MED/AEC SITE USE 
In 1974, 6,000 cubic yards of residue were removed by Ashland and transported to the 
adjacent Seaway Industrial Park. The site was developed as an oil storage site at that 
time. 

RADIOLOGICAL HISTORY 

A radiological survey was conducted in 1958. Following this survey, the property was 
released for unrestricted use without removal of the residues. A detailed survey was 
conducted under the FUSRAP during July and August 1976. An aerial survey was 
conduct4 in September 1979. 

Results of the 1976 survey indicated that external gamma radiation exceeded 
applicable guidelines over fairly large areas of the site. However, the results indicated 
that the residues on the site “do not pose an immediate health hazard, assuming that 
residues remain in place and that the site-continues to be used in the manner in which 
it is presently used.” The radon daughter concentration in the onsite building is close 
to background level, and only small quantities of radium or uranium are carried from 
the site in surface runoff. Because the property is located in an industrial area, the 
population density surrounding the site is very low, and thus there are few people at 
risk. If the site use were changed and buildings constructed onsite, there could be an 
increase in exposure and a potential health hazard could result. 

REMEDIAL ACTION OPTION AND COSTS 
Remedial action is indicated and could involve removal of approximately 48,000 cubic 
yards of residues and contaminated soil. The estimated cost for this remedial action is 
$29,000,000. 

PROJECT STATUS 

A radiological survey was completed in August 1976; 6 final report was issued in May 
1978. The Assistant Secretary for Environment has determined that the site will 
require remedial action. Additional authority to implement remedial action will be 
rquired I 

,. 
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j3AYO CANYON qREA 
LOS ALAMOS, NEW MEXICO 

OWNER HiSTORY I 
1944-1967: U.S. Government 
i967-Present: Los Alamos County 

SITE LOCATION 
Bayo Canyon ls located adjacent to the townsite of Los Alamos in north central New 
Mexico, about 25 miles northwest of Santa Fe. Bayo Canyon is one of many canyons 
cut into the Pajarito Plateau. 

MEDlAEC SITE USE 
Experiments with high expiosives were conducted in Bayo Canyon during the period 
1944 through 1961. The explosive test assemblies inciuded natural and depleted 
uranium and lanthanum-140, which was used as a tracer. Strontium-90 was also 
present as a contaminant of the lanthanum-140: The site facilities include radio- 
chemistry laboratories, radioactive liquid-waste disposal facilities, and solid-waste 
disposal f acllities. 

POST MED/AEC SITE USE 
The site was decommissioned in 1963. Since 1967 the canyon has been used exclusively 
for recreational purposes, including picnicking, trail riding, hiking, wood cutting, and 
pinon nut gathering. Proposed uses include residential and light commercial devdop- 
m ent. 

RADIOLOGICAL HISTORY 
From 1949 through 1969, 1.355 curies of natural uranium, 1,218 curies of depleted 
uranium, and between 30 and 40 curies of strontium-90 were dispersed into the surface 
environment of the Bayo Canyon area. An additionai 83 to 120 curies of strontium-90 
were deposited in waste-handling facilities and some fraction migrated into the 
subsurface environment. Most of the activity was associated with debris that was 
removed in 1963, leaving a comparatively small amount of radioactivity at the surface 
of the site and in subsurface layers of soil. A radiological survey was conducted under 
the FUSRAP in 1977. 

The results of this survey show that exposure of current neaiby residents to airborne 
strontium-90 and uranium is no different than that of other northern New Mexico 
residents. However, dose estimates for construction workers if the area were to be 
developed indicate exposure levels at less than 1.5 percent of DOE guidelines. The 
estimated exposure of residents in the developed area would be, at most, 3 percent of 
DOE guidelines. Individuals presently using the area for recreational purposes receive 
somewhat lower exposures because of the shorter exposure period and minimai 
interaction with disturbed soil. 

-REMEDIAL ACTION OPTIONS AND COSTS 
RemediaI action ls .indicated and could take the form of stabilization of dispersed 
radioactivity with restrictive control over change in site use or decontamination by 
excavation of soil to remove radioactivity. If decontamination is performed, 3,500 
cubic yards of contaminated material will be produced. The esthated Cost to perform 
thk remedial action is $2,800,000. 

. 



m03Ec-f ‘sTATus 
. . 

A radiological survey was completed in 1977; the final report was issued in June 1979. 
The Assistant Secretary for Environment has determined that the site will require 
remedial action. Preparation of an Engineering Evaluation Report-Title I, has been 
initiated. Authority to implement remedial action exists under the Atomic Energy 
Act of 1954, as amended. 
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GILMAN HAtL 
UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 

OWNER HISTORY 
University of California 

SITE LOCATION 
The site is located on the Berkeley Campus of the University of California and consists 
of the third floor and basement of Gilman Hall. 

MED/AEC SITE USE 
Laboratory facilities in Gilman Hall were used in support of the Manhattan Project 
and/or early AEC activities. 
invoived. 

It is believed that weapons-grade plutonium was 

POST :MED/AEC SITE USE 
A preliminary radioiogical survey was completed by Lawrence Livermore Laboratory 
and a letter report issued in 1976. The survey was designed to document alpha 
contamination. However, evidence of significant cesium-137 was also found. 

REMEDIAL ACTION OPTIONS AND COSTS 
Remedial action is indicated and could take either one of two forms. The area could 
be left as is but placed under control, which would require that any future renovation 
and/or demolition work be performed under contamination removal and control 
procedures. This may rquire a license. 

Alternatively, the area would be decontaminated by stripping away floor tile, sand 
blasting concrete surfaces, and removing piping. Thirty cubic yards of contaminated 
material would be produced. Estimated cost for this remedial action is $483,000. 

PROJECT STATUS 
A preliminary radiological survey was conducted in 1976. A detailed survey will be . .- 4 
initiated soon. The Assistant Secretary for Environment has determincd that remedial 
action is required. Authority to implement remedial action eqists under the Atomic 
Energy Act of 1954, as amended. 



UNIVERSITY OF CHICAGO 
CHICAGO, ILLINOIS 

OWNER HISTORY 
The site is owned by the University of Chicago. 

SITE LOCATION 
The University of Chicago 
Chemistry Lab and Annex, 

buildings associated with the MED work were the New 
West Stands, Ryerson Physical Lab, Eckhart Hall, Kent 

Chemistry Lab, Jones Lab, Ricketts Lab, and an area known as Animal Quarters. A 
comprehensive information search could not verify the location or even the existence 
of the Animal Quarters. . 
MED/AEC SITE USE 
The University was the site of the first successful nuclear pile and it conducted 
associated research required for the production of plutonium and ultimately the 
atomic bomb. Research was conducted under the MED and the AEC during the 1940s 
and 1950s. 

POST MED/AEC SITE USE 
The New Chemistry Lab and Annex, the West Stands, and Ricketts Lab have been torn 
down. The remaining buildings are currently in use as offices, laboratories, and 
classrooms. Some of the laboratories are still being used for nuclear research and are 
under license by the NRC. 

RADIOLOGICAL HISTORY 
References indicate that all of the buildings were decontaminated prior to release; 
however, some documentation is missing and some was inadvertently destroyed. 
Radiological surveys were performed during the period September 1976 to September 
1977 under the FUSRAP. 

Results of the 1976-1977 surveys indicate that contamination is widespread throughout 
the laboratories but at fairly low levels except for isolated small areas. Analysis of 
potential exposure conditions indicate that persons will not receive exposures 
exceeding current guidelines under present usage. However, remodeling or demolition 
activities could free fixed contamination resulting in a potential health hazard. Soil 
samples indicate contamination is confined to the buildings. 

REMEDIAL ACTION OPTIONS AND COSTS 
Remedial action may be required and could involve decontamination of the buildings 
involved. Seventy-five cubic yards of contaminatd material would be produced. The 
estimated cost for this remedial action ls $630,000. 

PROJECT STATUS 
A radiological survey was completed in September 1977; a draft report has been issued 
for review. Upon issuance of the final report, the Assistant Secretary for Environment 
will make a determination as to whether remedial action is required. Authority to 
implement remedial action exists under the Atomic Energy Act of 1954, as amended. 
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However, as the University campus is under license by the NRC, this site would not be 
decontaminated under the FUSRAP program since the NRC has sufficient licensing 
authority to protect public health and safety. 

. 

. 

* . . 



CHUPADERA MESA AREA 
WHITE SANDS MISSILE RANGE, NEW MEXICO 

OWNER HISTORY 
The site was and continues to be private lands with multiple ownership. 

SITE LOCATION 
The site is located approximately 70 miles southeast of Albuquerque, New Mexico, and 
immediately north of the White Sands Missile Range. 

MED/AEC SITE USE’ 
The site area received fallout from an atomic bomb test at Trinity site in 1945. 

, 
POST MED/AEC SITE USE 
Chupadera Mesa is extensively used as grazing land. In the northern area, the land is 
used primarily for growing alfalfa and assorted row crops. 

- RADIOLOGICAL HISTORY 
The University of California, Los Angeles, conducted the first contamination survey in 
the 1947 to 1950 period. Thousands of soil and biological samples were obtained. 
Subsequently, in the 1972 to 1976 period, the Los Alamos Scientific Laboratory (LASL) 
collected similar samples. In 1977, LASL collected additional data around Trinity 
ground zero and the outlying fallout zones. The existing data are being evaluated and 
a radiological survey report is currently being prepared. , 
REMEDIAL ACTION OPTIONS AND COSTS 
It is expected that some stabilization of contamination may be required. The 
estimated cost is $180,000. 

PROJECT STATUS 
Following the completion of the radiological survey report, the Assistant Secretary for 
Environment will determine whether the site requires remedial action. Work on an 
Engineering Evaluation Report-Title I has-been initiated. Authority to implement a 
remedial action exists under the Atomic Energy Act of 1954, as amended. 
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CLECON METALS, INC. 
CLEVELAND, OHIO 

OWNER HISTORY 
MED/AEC utilization period: 
Present: 

SITE LOCATION 

Horizons, lnc, 
Clecon Metals, inc. 

The site, encompassing approximately 3.5 acres, is located within Cleveland, Ohio, in a 
primarily industrial area which is sparsely populated. Two of three buildings on the 
site were used for processing radioactive materials. 

t 

MED/AEC SITE USE 
During the 1940s and 195 s two buildin s 

‘e 
he 

used for the production o 
Horizons metal-handling facility were 

rium metal. The feed material, thorium nitrate 
tetrahydrate, was processed through a number of steps and ultimately converted to 
thorium metal by use of an electrolytic process. 

POST MEDlAEC SITE USE . 

The plant site is currently used for the production of gaskets and for the lamination of 
various materials. The buildings were formerly used for processing radioactive . 
materials, for receiving and storing nonradioactive materials, and for office space. 
Approximately 60 workers use these buildings. 

RADIOLOGICAL HISTORY 
In December 1954, the Health and Safety Laboratory’ performed an air hygiene survey 
that revealed airborne concentrations of thorium in both buildings to be 18 to 377 
times greater than the applicable guideline. A subsequent survey indicated that the 
contamination was either removed or covered due to construction modifications made 
since the thorium operations. A radiological survey was conducted under the FUSRAP 
during February and March 1977; 

Results of the 1977 survey indicate aipha, beta, and gamma levels in excess of current 
guidelines in several areas Contamination is located mainly in / 
storage areas, drains and u 
time periods. If use of build 

limited toa-&e~~~@ *at 
z%E&rn/year could occur. 

L - 
REMEDIAL ACT-IO6 OPTIONS AND COSTS 

PROJECT STATUS 
.I 

Remedial action is indicated, and could include decontamination of building surfaces, . 
removal of some structurat elements, removal of portions of the pumping system, and 
excavation of soil. An estimated 800 cubic yards of contaminated material would be 
produced. The estimated cost for remedial action is $2,400,000. 

. Aologiitiv and Mar- !-tWaS 

rssued in February 1979. The Assistant Secretary for Environment has determined that 
the site wiJ1 require remedial action.. Additional authority for the ASNE to implement 
retiedial action is rquired. 



. . 

CONSERV INC. 
NICHOLS, FLORIDA 

OWNER HISTORY 
1952-1960: Virginia-Carolina Chemical Corporation 
1960- : Unidentified -.changed ownership 3 times 
Present: Conserv Inc. 

SITE LOCATION 
The site is located at Nichols, Florida, approximately 22 miles east of Tampa. The 
area involved with radioactive materials is approximately 0.5 acres. _ 

MED/AEC SITE USE ’ 

Starting in 1952, a pilot plant was operated for the recovery of uranium from wet- 
process-produced phosphoric acid. This plant was disassembled in 1960. Location of 
equipment, tanks, piping, and building materials is unknown. 

POST MED/AEC SITE USE 
1961-1968: 
1969-1973: 
1974-Present: 

Phosphoric acid and other phosphate product production 
Plant shut down 
Phosphoric acid and other phosphate product production. The site of 
the former recovery plant is currently used for storage and contains 
a building that houses a maintenance shop, lunchroom, tool storage 
cage, and a small office. This building is built on the concrete pad 
of the former recovery plant. 

RADIOLOGICAL HISTORY 
A preliminary radiological survey, conducted in April 1977, indicated alpha, beta, and 
gamma contamination of the concrete pad of the former recovery plant and uranium- 
238 and radium-226 contamination of nearby soil. Soon after the survey, the plant 
operator removed approximately 4 cubic yards of contaminated soil. The soil was 
buried in an inactive gypsum pile located about 2,600 feet from original site and 
covered with 2 to 3 feet of gypsum and soil. A detailed radiological survey was 
conducted under the FUSRAP.during December 1977. 

Results of the December 1977 survey indicate contamination is primarily located in 
the soil around the concrete pad, on the pad outside the building, and in the area where 
contaminated soil was dumped. It should be noted that present site activities dealing 
with phosphate product production contribute significantly to elevated radiation levels 
at the plant site. In many areas of the plant site, the levels are unrelated to the 
former MED/AEC activities. No significant health hazard currently exists, principally 
because of infrequent occupancy. However, lf the site use were changed to crop 
production or lf a new building were constructed over the areas of higher contamina- 
tion, exposures exceeding the guidelines could result. 

REMEDIAL ACTION OPTIONS AND COST 
Remedial action is indicated and could involve excavation of contaminated soils near 
the concrete pad and in the area of dumping of previously excavated soil. Cleaning 
and/or removal of the concrete pad may be rquired. One-hundred-thirty cubic yards 
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of contaminated material would be produced. 
action is $660,000. 

The estimated cost for this remedial ; 

PROJECT STATUS . 

A radiological survey was completed during December 1977; the final report was 
issued in February 1979. The Assistant Secretary for Environment has determined that 
the site will require remedial action. 
action will be required. 

Additional authority to implement remedial 

. 

. 



E. I. du PONT de NEMOURS AND COMPANY - CHAMBERS WORKS 
DEEPWATER, NEW JERSEY 

OWNER HISTORY 
The site is owned and operated by the E. I. du Pont de Hemours Company. 

SITE LOCATION 

The 700-acre Chambers Works site is located adjacent to the residential communities 
of Deepwater, Pennsville, and Penns Grove, New Jersey. Within this site, operations 
involving MED/AEC activities were confined to four locations. These were three 
buildings and a radioactive material burial facility. c 

MED/AEC SITE USE . 

The du Pant operations for the MED included development of a process for converting 
uranium oxide to uranium tetrafiuoride, production of uranium peroxide from the MED 
scraps, production of uranium tetrafluoride, uranium metal, uranium hexafluoride, and 
various related research activities. Such activities took place during the period 1942 
through 1947. Decontamination and radiological survey activities took place during 
1948. The last portion of the site used for the MED was released to du Pont in 
December 1948. 

POST MED/AEC SITE USE 
Of the three buildings involved in the MED activities, two have been demolished and 
one is still in use as a warehouse. A parking lot has been constructed on the site of 
one of the demolished buildings and a new building constructed at the site of the other. 
The radioactive material burial facility, which is approved by the State of New Jersey, 
possibly contains a few pieces of equipment from the demolished buildings. 

RADIOLOGICAL HISTORY 
In 1948, all contaminated equipment was removed from the site. Building decontami- 
nation, conducted under the direction of the AEC, included sandblasting, vacuuming, 
and washing of all building surfaces. A radiation survey was made by the Health 
Division of the AEC and the buildings were subseqently released to du Pont. A 
radiological survey was conducted under the FUSRAP during March 1977. 

Results of the 1977 survey indicate that elevated concentrations of uranium were 
found in residues from the operations building and in some surface and subsurface soil 
samples. Alpha and beta-gamma contamination levels in some areas of the operations 
buildings were above the limits of current Federal guidelines. Under current 
conditions of site use, this contamination does not cause employees working at the site 
to receive radiation exposures appreciably different from those due to background 
radiation. However, under different conditions of use (Le., use of contaminated soils 
for growing crops or actions which involve agitation or abrasion of dry contaminated 
surfaces), potential radiation exposures to employees and the public could result. 

REMEDIAL ACTION OPTIONS AND COSTS 
Remedial action is indicated and could involve decontamination of building surfaces 
and excavation of soil. Twenty-seven-hundred cubic yards of contaminated material 
would be produced. The estimated cost for this remedial action is $3,000,000. 
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PROJECT STATUS 
A radiological survey was compietrd in March 1977; the final report w& issued in 
December 1978. The Assistant Secretary for Environment has determined that the 
site will require remedial action. Authority to implement remedial action exists under 
the Atomic Energy Act of 1954, as amended. 
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CARDINIER- INCORPORATED 
TAMPA, FLORIDA 

OWNER HISTORY 
1951-1962: Tennessee Corporation, U.S. Phosphoric Products Division 
1963-1973: Cities Service Company 
19740Present: Cardinier, Incorporated 

SITE LOCATION 
The formerly utilized site, consisting of approximately 1.5 acres, is located within the 
Cardinier phosphoric acid production plant boundaries in Tampa, Florida. 

MED/AEC SITE USE 

During the period 1951 to 1960, Tennessee Corporation extracted uranium from 
phosphoric acid. This process consisted of (1) pretreatment of wet-process phosphoric 
acid, (2) solvent extraction of uranium, (3) precipitation of the uranium product, (4) 

_ drying and crushing, and (5) handling, packaging, and shipping. Pilot operations were 
carried out from 1951 through 1954 and the process plant was operated from 1956 
through 1960. 

POST MED/AEC SITE USE 
A three-story building which housed the process plant is currently used as a workshop, 
lunchroom, office space, and as a storage area for quipment remaining from the 
uranium-recovery operations. A former pilot plant building is currently used as office 
space. Approximately 30 employees use these buildings. A new uranium recovery 
pilot operation is conducted on the site, which operation is currently licensed by the 
State of Florida. This license does not cover the MED/AEC material. 

RADIOLOGICAL HISTORY 

A radiation survey was conducted under the FUSRAP by Oak Ridge National 
Laboratory during December 1977. Some contaminated quipment was removed 
following the survey and transported to a licensed site. 

Results of the 1977 survey indicate only slight contamination of the former pilot plant 
building, significant contamination of the former process building, and significant 
contamination of adjacent outdoor areas. Various measurements of alpha, beta, and 
gamma activity exceed current guidelines throughout the former process building. 
Highest levels of contamination were found on the second floor and are associated 
with stored quipment which was used in the uranium recovery process. External 
gamma levels measured outdoors also exceed guidelines and appear to be associated 
with radium-226, which has plated out in buried pipes and vessels. 

REMEDIAL ACTION OPTIONS AND COSTS 
Remedial action is indicated and could involve removal of stored equipment, excava- 
tion of soil and buried pipes and tanks, and decontamination of structures. Two- 
thousand cubic yards of contaminated material would be produced. The estimated cost 
for this remedial action is $2,300,000. 

. 
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PROJECT STATUS 
: 

A radiological survey was perforr&&in December ~1977; a draft of the final report is 
currently under review. The Assistant Secretary for Environment has determined that 
the site wiI1 require ,remediai action. 
implementation of remedial action. 

Additional authority is needed for the 
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W. R. GRACE’& COMPANY 
CURTIS BAY, MARYLAND 

OWNER HISTORY 
This was and continues to be private land under the ownership of W. R. Grace & 
Company. 

SITE LOCATION 
The site consists of 4 acres of land at the Davison Division of W. R. Grace & Company 
at Curtis Bay, Maryland. . 

MED/AEC SITE USE \ 
In late 1956 and early 1957, W. R. Grace assumed the license and contract of Rare 
Earths, Inc., to process, transfer, and use the radioactive material thorium. The 
thorium was shipped to Davison as a component of monatite sand. Title to the 
monazite and the thorium remained with the government during the performance of 
the work. The monazite sand ‘was processed to remove the thorium which was shipped 
to GSA. Residue from the process was collected in dumpsters and emptied in a 
designated area of the onsite dump. The processing plant was never completed and the 
projqt was abandoned in 1957. 

POST MED/AEC SITE USE 
The site is presently unoccupied, untraversed, remote, and within the fenced enclosure 
surrounding the entire plant but not separately enclosed. 

RADIOLOGICAL HISTORY 

Radiation Management Corporation conducted a survey in 1978 to measure external 
radiation levels and investigate the possible migration of radioactive material from 
the deposit site. 

It is estimated that the total volume of waste material possibly contaminated with 
monatite residue is 504,000 cubic feet in one location and 200,000 cubic feet in a 
second. There is no apparent indication of migration from the burial area. It is 
unclear whether or not the waste material exceeds 0.05 percent ThO . Surface 
radiation levels ranged from background levels to 17 mr/hr. Analysis of plant material 
indicated no detectable thorium daughter products. Core samples indicated thorium 
concentrations of 6.2 + 0.9 pCi/gm at a depth of 5 feet and 97 2 10 pCi/gm at 15 feet. 
The results assumed thorium in equilibrium with its daughters. Institutional control 
measures have been instituted to limit access to the disposal site. 

REMEDIAL ACTION OPTIONS AND COSTS 
Remedial action may be required and could involve excavation of contaminated soils 
and restoration. An estimated 26,000 cubic yards of contaminated material would be 
produced. The estimated cost for this remedial action is $17,000,000. 

PROJECT STATUS 
A detailed radiological survey is scheduled for 1980. Upon completion of this survey, 
the Assistant Secretary for Environment will determine if remedial action is required. 
Determination of whether additional authority is rquired to implement remedial 
action is currently underway. 

, 
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GUTERL 5PECIAL STEEL CORPORATION 
LOCkPORT, NtiW YORK 

OWNER HISTORY 
MED/AEC utilization period: 
Present: 

Simonds Saw & Steel Company 
Cuter1 Special Steel Corporation, 
Simonds Steel Division 

SITE LOCATION 
The plant site is located in an industrial area of Lockport, New York. The formerly 
utilized site consists of the rolling mill building, the forging shop building, and the area 
immediately surrounding these buildings. The area involved is approximately 4 acres. 

MED/AEC SITE USE 

1948-1956 Rolling mill operations of uranium and thorium metal; operations 
included weighing, heating, rolling, shearing, and quenching. 

POST MED/AEC SITE USE 
1957-Present: Rolling mill operations of nonradioactive metals; approximately 50 

persons currently work in the buildings formerly involved with 
radioactive materials. 

RADIOLOGICAL HISTORY 
During all operations from 1948 through 1956, the AEC was responsible for 
radiological monitoring and safety. Residue from the operation was returned to the 
AEC or National Lead of Ohio. Protective measures included the use of hoods and 
dust-collection equipment over the 16-inch rolling mill stands and pans in the mill pits 
to collect material. A radiological survey performed during November 1958 indicated 
highest radiation levels in the quench tank area. Decontamination was performed and 
consisted of removing the quench tank, covering this area with. steel plate, and 
washing and vacuuming other areas. A resurvey was conducted in December 1958 to 
verify decontamination actions. A radiological survey was conducted under the 
FUSRAP during October 1976. 

Results of the 1976 survey indicate that only small accessible areas of contamination 
in the rolling mill building exceed present exposure guidelines. Other areas, 
particularly the former quench tank, have significantly high contamination levels but 
do not presently contribute greatly to exposure because of inplace shielding in the 
form of steel plates. Under current conditions of site use, this contamination does not 
cause employees working at the site to receive radiation exposure appreciably 
different than those due to background. However, under different conditions of site 
use (i.e., removal of steel plates, disturbance of soil br soil floors in buildings), 
potential exposure to employees and the public could result. 

REMEDIAL ACTION OPTIONS AND COSTS 
Remedial action is indicated and could involve excavation of outdoor soil, indoor soil 
floors, removal of some quipment, and cleaning of structures. Three-hundred-fifty 
cubic yards of contaminated material would be produced. ,The estimated cost for this 
remedial action is $l,lOO,OOO. 
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PROJECT STATUS 
A radiological survey was completed during October 1976; the final report was issued 
in November 1979. The Assistant Secretary for Environment has determined that the 
site will require remedial action. Additional authority to implement remedial action 
will be required. 
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HARSHAW CHEMICAL COMPANY 
CLEVELAND, OHIO 

OWNER HiSTORY 
The site has been and is currently owned by Harshaw Chemical Company. 

SITE LOCATION 
The site is located within Cleveland, Ohio, and consists of three buildings and 
surrounding areas. 

MED,‘AEC SITE USE 
In September 1942, the MED contracted with Harshaw for the production of green salt 
(UF 1. This work was a continuation of smaIler scale work performed for the Office of 
Sci&tific Research and Development. in 1943, Harshaw also began production of 
uranium hexafluoride, an operation that was substantialiy expanded in 1947. Another 

- MED/AEC contract involved the production of uranium tetrachloride and uranium 
oxyfiuoride. Building Cl (Plant C) was used for the UF6 production and the foundry 
building was used for the UF production.. Analytical work was performed in building 
Kl. Equipment and material ‘from the MED/AEC operations was apparently stored in 
those and other buildings at the site. In 1960, the facility was released to the Harshaw 
Chemical Company from AEC control. 

POST MED/AEC SITE USE 

Building Cl is presently being used primarily as a storage warehouse, but it does 
contain some chemical production operations including the drying of fluorspar. The 
building is normally occupied by fewer than 10 people and contains a locker room area 
on the second floor which is used by employees working at another building on the 
Harshaw site. Additional personnel are present only during use of the locker room and 
transfer of material in and out of storage. A 6O- by 20O-foot addition was constructed 
on the north side of the building after the MED/AEC ‘use of the facility was 
terminated. This addition is used for storing fluorspar. 

RADIOLOGICAL HISTORY 
This site was visited by the AEC personnel on October 27 and 28, 1953, to survey the 
equipment and buildings for contamination and to provide the necessary actions prior 
to the return of the building to the contractor. A meeting with representatives from 
the Harshaw Chemicai Company was held, and a decontamination program was agreed 
to. The actions taken as a result of this visit are unknown. 

Another survey was conducted on November 21, 1957, by the Research and Develop 
ment Division, Oak Ridge, Tennessee. The purpose of this survey was to locate any 
areas where residual contamination was of such magnitude that it might represent a 
Potential radiation or contamination control problem that would rquirc the imposition 
of restrictions on the use of the building. At the time of this survey, ail quipment x had been removed except for the Rockwell furnace, two de&ration pots, and some 
process vessels in the recovery area. The report of this survey identified contami- 
nated areas with recommended methods for decontamination. A supplemental 
agreement assigned the responsibility to the contractor for decontaminating afl 
equipment transferred to it and for decontaminating id own premises used in the 
performance of the contract. Further, the decontamination effort was to be 



accomplished in accordance with the recommendations contained in the report of 
survey. The building was released from further AEC control in 1960. 

A radiation survey of the building at Harshaw was performed in May 1976 by the 
Chicago Operations Office to identify previously utilized MED/AEC sites. During this 
survey, three soil samples ‘were taken in the area adjacent to the building. These soil 
samples showed readings greater than normally expected. A draft of the radiation 
survey report was furnished to the Harshaw Chemical Company on July 8, 1976. The 
results of the survey showed residual contamination remained at the building. 

Soil corings were taken by the Argonne National Laboratory at selected locations 
around the Harshaw complex on November 10, 1976. A draft of this soil survey report 
Was transmitted to the DOE Headquarters with a recommendation that the survey be 
extended. The DOE Headquarters concurred with the recommendations, and additional 
survey work was accomplished between August and September 1979, including an 
annual radiometric survey. Preliminary results indicate that there is general deposi- 
tion of contamination throughout the site and it may extend beyond the Harshaw site 
boundary. 

- Based on the completed preliminary surveys, the contamination is at an acceptable 
level and does not represent a hazard to Harshaw personnel. However, if modifica- 
tions, remodeling, cleanup, or other structural changes were to be undertaken, 
radioactive material now fixed in the structure could be releasql and lead to airborne 
contamination. Harshaw has indicated that they would contact the DOE prior to any 
such actions. Likewise, no health hazard is envisioned from the contaminated soil in 
its present status. 

REMEDIAL’ACTION OPTIONS AND COSTS 

Remedial action may be required and could involve excavation of soil, decontamina- 
tion of the building, and excavation of a portion of the Cuyahoga River. Ninety-two- 
hundred cubic yards of contaminated material would be produced. The estimated cost 
for this remedial action is $Y,OOO,OOO. 

. 

PROJECT STATUS 

Upon completion of the currently initiated radiological survey, the Assistant Secretary 
for Environment will determine whether remedial action will be required. Additional 
authority to implement remedial action is required. 
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IOWA STATE UNIYERSITY 
AMES, IOWA 

OWNER HISTORY , 
The site has been rnd is currently owned by Iowa State University. Additional areas 
that have become contaminated by activities at the University site are owned by the 
Municipality of Ames, Iowa. 

SITE LOCATION 
Four buildings on the University campus at Ames were used for the MED/AEC 
activities. Three additional areas have become involved because of disposai of 
contaminated sewage sludge. The areas are the Ames Iowa Municipal Airport, the 
Grand Avenue underpass, and the Ames Municipal Cemetery. 

MED/AEC SITE USE 
Early MED/AEC activities were concerned with metallurgical research, fundamental 
chemical and analytical research, and the development of processes to produce pure 
uranium and other materials. ‘During the 1942 period, the small-scaie production in ’ 
the physical chemistry laboratory furnished about 2 tons of uranium for use as heart . 
metal in the first chain-reacting pile in Chicago, About 2 million pounds of virgin 
uranium were produced up to January 1, 1945, at which time production at Ames was 
discontinued. A recovery process developed at Ames resulted in the recovery of over 
600,000 pounds of metal from scrap supplied by all of the MED sites. This operation 
was discontinued in December 1945. in 1947, the project at Ames was declared a 
major research facility and a program to produce thorium metal was initiated. Prior 
to 1947, approximately 4,500 pounds of thorium had been produced. Approximately 63 
tons were produced in total. 

RADIOLOGICAL HISTORY 
Between July 1951 and August 1952, filtrates containing thorium and mesothorium 
were released into the sewage lines. Water-removal operations at the Water Pollution 
Control Plant produced a dry sludge cake that contained much of the released thorium 
and mesothorium (less than 1 curie}). This sludge cake was collected and held at the 
west end of the drying beds at the Water PolJution Control Piant, In accordance with 
AEC recommendations, the sewage sludge cake containing mesothorium was placed on 
the City of Ames Municipal Airport grass runway, the Municipal Cemetery, and the 
grass areas of the Grand Avenue underpass. \ 

An initial radiation survey was conducted on May 12, 1976, at the Municjpaj Airport of 
Ames, the Municipal Cemetery, the Grand Avenue underpass, and the site of buildings 
on the Iowa State University campus. Based on preliminary results of this survey and 
subsequent surveys, minor contamination of some land does exist. The Municipal 
Cemetery and the Grand Avenue underpass show no significant contamination. There 
was no discernibie radiation different from the background ievel at the sites of 
Chemistry Annexes I and II. A single area in a taxi strip at the Municipal Airport 
shows some thorium contamination. The area west of the sludge beds at the Water 
Pollution Control Plant shows thorium contamination in a “ditch” area (approximately 
6 times background) and a more generalized area (up to 2 times background). 
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None of the areas surveyed have contamination that will have a significant impact on 
the health of the public under current site usage. However, change of site usage could 
result in undesirable exposure. 

REMEDIAL ACTION OPTIONS AND COSTS 
Remedial action may be required and could involve excavation of 
and decontamination of building floors and surfaces. Sixty cubic 
nated material would be produced. The estimated cost is $570,000. 

PROJECT STATUS 

contaminated soils 
yards of contami- 

A complete radiological survey was completed in FY 1980 and a report is in 
preparation. Upon completion of the report, a determination will be made as to 
whether remedial action is required. Additional authority to implement remedial 
action is required. 
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KELLEX RESEARCH FACILITY 
JERSEY CITY, NEW JERSEY 

OWNER HISTORY 
1942-1951: Kellex Corporation 
1951- : Vitro Corporation of America 
Current: Delco-Levco and Pierpont Associates 

SITE LOCATION 
The Kellex research facility activities were conducted in one building located on the 
site of the M. W. Kellogg Company property in Jersey City, New Jersey. 

MEDfAEC SITE USE 
The Keliex Corporation was established by the M. W. Kellogg Company in 1943 in 
order to design and construct the first gaseous diffusion plant for uranium enrichment. 
The work continued to July 1952 and included research and development of purex 
reprocessing for spent fuel and component testing with uranium hexafiuoride. 

POST MED/AEC SITE USE 
The Kellex buildings were demolished around 1953 and only the concrete slab floor 
remains. The original area of the Kellogg facilities has been subdivided and is 
currently being developed as commercial properties. A supermarket and other stores 
have been constructed on part of the property. The location of the former Kellex 
building is presently unused and is owned by Pierpont Associates. 

RADIOLOGICAL HISTORY 

In 1953, the Vitro Corporation of America prepared a contamination status report that 
detailed the findings of a radiation survey of the former Kdlex building. This report 
indicated that most external gamma radiation readings were less than 100 micro- 
roentgens per hour, and no transferable alpha or beta-gamma contamination was 
observed in any of the accessible areas. 

Representatives from Oak Ridge Operations and ORNL conducted a site visit and 
exploratory survey of the Kellex site on October 21, 1976. The survey revealed 
gamma ray readings in the 5- to 6-microroentgen per hour range (background). 
However, due to the size of the property and uncertainty as to ‘the exact location and 
extent of Kellex operations, it was decidtd that a formal survey should be conducted,,, 
A radiological survey was conducted under the FUSRAP by ORNL during March 1977. 

L 
Results of the 1977 radiological survey indicate that the radiation and radioactive ’ 
levels were indistinguishable from background levels with the exception of a few 
isolated and well defined spots on or near the site of the former Kellex Laboratory. 

REMEDIAL ACTSON OPTIONS AND COSTS 
Remedial action was indicated and work was started on the site in July 1979. During 
the remedial action, additional contamination was discovered and the decontamination 
effort extended to cover the additional areas. This additional work has since heen 
suspended in order to evaluate results in the context of the criteria appropriate to the 
intended use of the site, The estimated cost for remedial action is $1,400,000, 
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PROJECT STATUS 
A radiological survey was completed in March 1977; a draft of the final report, dated 
September 1977, has been prepared. The Assistant Secretary for Environment has 
determined that remedial action is required. Remedial action is underway. Authority 
for completing the remedial action exists under the Atomic Energy Act of 1954, as 
amended. 

.- - 

. . - 

. . c- 
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LAKE ONTARIO ORDNANCE WORKS ASSOCIATED PROPERTIES 
LEWISTON, NEW YORK 

OWNER HISTORY 

1944-1955: U.S. Government 
1955-Present: Private 

In 1948, the AEC acquired approximately 1,511 acres of the former Lake Ontario ’ 
Ordnance Works (LOOW) from the Army. In 1955, the AEC declared 1,298 acres 
excess and, as of 1968, this acreage had been acquired by the town of Lewiston (89 
acres), Fort Conti Corporation (642 acres), Mr. M. W. Frank (199 acres), Niagara 
Mohawk Power Company (5 acres), The Somerset Group, Inc (133 acres), and the Air 
Force (230 acres). In 1975, the ERDA declared a 22-acre sewage plant excess and 
transferred this plot to the town of Lewiston, New York, leaving 191 acres under DOE 
control, 

SITE LOCATION 
The DOE storage site currently consists of 191 acres and is located about 3 miles 
southeast of Youngstown, 3’ miles northeast of Lewiston, and 7 miles north of the City 
of Niagara Falls in the County of Niagara Falls, New York, However, that portion of 
LOOW that was declared excess by the AEC and contains residual radioactive material 
above background, is considered the FUSRAP site. 

. 

MED/‘AEC SITE USE 
This site was a portion of the former LOOW and was first used by the MED in 1944 for 
the storage of radioactive low-grade pitchblende residues from the nearby Tonawanda 
refinery. Following World War II, contaminated materials from wartime plants and 
some post-wartime operations were stored at the site. After April 1, 1949, part of the 
high-grade pitchblende residues from the St. Louis refinery were stored at the site in 
drums, and subsequently transferred to the 165-foot high concrete silo. In the early 
195Os, the site was used as an interim storage site for incoming and outgoing uranium 
billets. In addition, radioactive materials from the University of Rochester and Knolls 
Atomic Power Laboratory (KAPL) were transferred to this storage site. The KAPL 
wastes were later transferred to the Oak Ridge National Laboratory burial grounds. 

In about 1953, the AEC operated a boron isotope separation ‘plant at the site. The 
plant was placed on standby in 1958 and was restarted in 1964 and again put on standby 
in July 1974. . 

POST MED/AEC SITE USE 
The DOE site is currently dormant an3 the National Lead Company of Ohio (NLO) is 
under contract to act as caretaker. The 191 acres of this site that remain under DOE 
control constitute a DOE Surplus Facility. However, in i958, at the termination of ore 
procurement contracts, 25-year-storage lease agreements were negotiated with 
African Metals Corporation (Afrimet), the U.S. subsidiary of Union Miniere du Haut ’ 
Katanga of Brussels, Belgium (owner and supplier of Belgian Congo ore), for the 
storage of its residues in four concrete structures on the site. Approximately 60 
percent (i2,OOO tons) of the radioactive residues stored at the site belong to Afrimet. 
These storage lease agreements expire on July 1, 1983. 
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RADIOLOGICAL HISTORY 
In October 1970 and June 1971, radioactive surveys of the 1,298 acres formerly held by 
the AEC showed that about 6.5 acres exceeded the AEC criteria of 50 microroentgen 
per hour including background. Decontamination was carried out in 1972 and involved 
the removal of about 15,000 to 20,000 cubic yards of radioactive soil and debris. This 
contaminated material was piled on the remaining lVl-acre AEC site. A final 
radiation survey conducted in June 1972 indicated that only a few portions of the 
central drainage and Sixmile Creek exceeded the 50 microroentgen per hour criteria, 

. and beta-gamma levels measured at contact were less than 0.2 mradfhr. 

For a number of years, NLO has periodically sampled and analyzed the groundwaters 
and surface waters on and around the site. No significant radioactivity has been found 
in surface waters, and radium-226 and uranium concentrations in well samples are 
substantially below levels specified in guidelines for water in uncontrolled areas. In 
August 1978, the DOE Environmental Measurements Laboratory began offsite radon 
monitoring, both indoors and outdoors, to supplement the site fence-line monitoring 
conducted by NLO. To date, the average concentrations in residences neighboring the 
DOE site are within the range of indoor concentrations found in New York City and its 

* suburbs. 

REMEDIAL ACTION OPTIONS AND COSTS 
The DOE is evaluating a number of options for long-term disposition of the residue at 
this site. In the interim, temporary remedial measures to minimize emanation of 
radon from the residues are being instituted and the monitoring program is being 
expanded. Further remedial action may be required. Preliminary estimates of cost 
are approximately $3,000,000. 

PROJECT STATUS 
A detailed radiological survey under the FUSRAP is underway. Remedial action to 
remove residual contamination from drainage areas and steps to prevent further 
offsite transport will be initiated during FY 1980. Authority to implement remedial 
action exists under the Atomic Energy Act of 1954, as amended. 
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LINDE AIR PRODUCTS DIVISION 
TONAWANDA, NEW YORK 

. 

OWNER HISTORY 
Union Carbide Corporation - Linae Air Products Division 

SITE LOCATiON 
The site, which contains approximately 55 acres, is located in a partially industrialized 
area of tonawanda, New York. Five buildings on this site were involved in the MED 
activities. 

. MEDlAEC SITE USE 
The Linde Division was under contract with the MED to perform uranium separations 
during the period from 1942 through approximately 1948. Uranium oxide (UO 1 was 
produced from ores received from Colorado and the Belgian Congo and then conserted 
to uranium tetrafluoride, All buildings invoived in the MED activities were trans- 
ferred back to Linde Division in 1953. 

POST MED/AEC SITE USE 
Four of the five buildings involved are presently being used for either warehousing, 
fabrication facilities, research iaboratories, or offices. Approximateiy 50 employees 
utilize these four buildings. the fifth building is presently not being used. 

RADIOLOGICAL HISTORY 
A radiation survey was conducted by the AEC Health and Safety Division-NY0 in 
November 1952 to determine disposition of equipment used in the uranium operations. 
All equipment was removed and decontamination took place in 1953. A radiological 
survey was conducted under the FUSRAP during October and November 1976. As a 
result of findings of -this survey, Linde applied for and received an amendment to its 
New York State license to include the contaminated building. . 

REMEDIAL ACTION OPTIONS AND COST 
Remedial action is indicated and could involve extensive decontamination of buildings, 
excavation of soils under b&ding floors and outdoors, and cleanup of streams and 
ditches onsi te. Fifty-thousand cubic yards of contaminated material would be 
produced. Estimated cost for this remedial action is $35,000,000. 

PROJECT STATUS 
A radiological survey was completed during October and November 1976. The final 
report was issued in May 1978. The Assistant Secretary for Environment has 
determined that the site will require remedial action, However, additional radiologi- 
cal work is required to develop engineering plans. Authority to implement remedial 
action exists under the Atomic Energy Act of 1954, as amended. 
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MALLINCKRODT, INC. 
St. LOUIS, MISSOURI 

OWNER HISTORY 
the site has been and is currently owned and operatedby Mallinckrodt, Inc., formerly 
named Mallinckrodt Chemical Works. 

SITE LOCATION 
Mallinckrodt leased portions of two locations in St. Louis at Broadway Street and at 
Destrehan Street to the MED/AEC for the processing of uranium concentrate. About 
20 existing buildings on the Mallinckrodt property at Broadway and Destrehan, plus 
their surroundings, were subject to radiological contamination. 

MED/AEC SITE USE 
In April 1942, Mallinckrodt Chemical Works was requested by the Army to set up an 
industrial-scale process to produce uranium dioxide and uranium trioxide. 

- Mallinckrodt had the processing system operating by early summer 1942 and provided 
uranium compounds and uranium metal for use in the research, development, and 
production programs of the AEC. Work also included (1) production of uranium 
tetrafluoride (UF ), (2) production of uranium derby metal (vacuum recast of purified 
ingot metal), (3) kachining of uranium metal rods for reactor fuel slugs, (4) reversion 
of UrZihJm tetrafluoride to U02 or U308, (5) recovery of scrap UWkiUm metal, (6) 
production of UO F 
pitchblende raffina l&,2 

(7) extraction and concentration of thorium-230 from 
and (8) experimental processing of very iow enrichment UF4. 

From 1942 through 1945, uranium processing was done exclusively at the Broadway 
Street location. Some uranium metallurgical research continued through 1956. From 
1945 to 1957, uranium ore or concentrate was processed in buildings at the Destrehan 
Street location. In 1957, all operations at Destrehan were terminated. 

POST MED/AEC SITE USE 
Since 1962, the site has been used for various commercial chemical production 
operations. Some of the original buildings have been tom down, some are being used 
as warehouses, and new buildings have been constructed. Columbian-tantalum ore and 
potassium compounds are stortxi onsite. 

RADIOLOGICAL HISTORY 
From 1948 to 1950, the main plant property was decontaminated and final contamina- 
tion surveys were performed. In 1951, the main plant property was returned to 
Mallinckrodt for unrestricted use. Between 1957 and 1962, the Destrehan and 
Broadway Street properties were also decontaminated, surveyed, and released for 
unrestricted use. In the process, some of the buildings were removed to the AEC 
waste disposal sites. Contaminated earth was also removed and backfilled. Early in 
the program, decontamination procedures were supervised by the New York Operations 
Office of AEC and later by the Oak Ridge Operations Office. The AEC decontami- 
nation activities did not reduce radioactivity levels to background but reduced them 
only to the prevailing acceptable levels at that time. A new radiological survey of the 
former uranium processing areas was conducted under the FUSRAP during the summer 
of 1977. 

Results of the 1977 survey indicate alpha and beta-gamma contamination levels inside 
and outside some of the buildings were above limits set by current Federal guidelines 
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concerning the release of property for unrestricted use. Elevated external gamma 
radiation levels were measured at time outdoor &&ations and in some of the buildings. 
Quantities of uranium in an amount that may require licensing were found in soil at 
some places, and the concentration of uranium in one water sample taken from an old 
waste pit was in excess of Federal water quality standards stated in IO CFR 20. 
Radon and radon daughter concentrations in three buildings were in excess of current 
Federal guidelines for nonoccupational radiation exposure. 

REMEDIAL ACTION OPTIONS AND COSTS 
Remedial action is indicated and could involve extensive excavation of contaminated 
soil and decontamination of buildings including removal of structural elements. Forty- 
nine-thousand cubic yards of contaminated materiaI would be produced. Estimated 
Cost for this remedial action is $26,000,000. 

PROJECT STATUS 
A radiological survey was completed in 1977, a draft report has been completed, and 
the final report is being prepared. The Assistant Secretary for Environment has 
determined that the site will require remedial action. 
to implement remedial action. 

Additional authority is needed 
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MIDDLESEX MUNICIPAL LANDFILL 
MIDDLESEX, NEW JERSEY 

- 
OWNER HISTORY 
Pre 1961: Borough of Middlesex 
Post 1961: Borough of Middlesex and Middlesex Presbyterian Church (5 acres) 

SITE LOCATION 
The site is located in the Borough of Middlesex, New Jersey, approximately 35 miles 
northeast of Trenton. the contaminated area covers about 3 acres. 

MED/AEC SITE USE . -. 
This area is a former landfill for the Borough of Middlesex. the landfill was used by 
the Middlesex Sampling plant for disposal of nonradioactive wastes. However, during 
the operation of the sampling plant, some contaminated wastes were shipped to the 
landfill. There is no documented material to indicate when the contamination of the 
landfill occurred; however, a review of operating files from 1946 to 1966 indicates 
that the most probable time frame was between November 1947 and October 1948. 
Construction of a drainage ditch and paved storage area took place during this period. 
It is believed that the material deposited at the landfill may have resulted from this 
construction effort. 

POST MED/AEC SITE USE 
the contaminated area is currently undeveloped and not used for any activity. 

RADIOLOGICAL HISTORY 

In May 1960, during a local civil defense (CD) exercise, CD monitors detected elevated 
. radiation levels in the landfill. the matter came to public attention and received 

newspaper coverage. the AEC noted the issue and upon reviewing its past local 
activities concluded that AEC operations were the source. Upon analytical 
confirmation of the presence of pitchblende, a further survey of the area was made. 
Readings taken at that time confirmed gamma radiation levels 20 to 50 times 
background over a’fairly consolidated area of less than one-half acre. 

Following meetings with local officials in November 1960 to discuss the significance of 
survey findings and to offer remedial assistance, the AEC removed the part of the 
material nearest the surface (about 650 cubic yards). the area was covered with about 
2 feet of clean dirt sufficient to shield surface radiation levels to about 50 
microroentgens per hr at 1 meter. The contaminated soil was removed to the AEC 
New Brunswick Laboratory site. Upon receiving assurance by the AEC that no health 
hazard existed, Borough officials agreed that the situation was satisfactory. No 
official record of the residual contamination exists in available Borough records. On 
January 30, 1974, another meeting was held with Borough officials to request 
permission to resurvey the involved area to permit re-evaluation of current conditions. 
Location of the suspect area was confirmed by survey data; it was in the area of the 
boundary between the church and Borough properties. The Oak Ridge National 
Laboratory has conducted additional survey and assessment work during 1978. During 
the period May 20-27, 1978, EG&G (a DOE contractor) performed an aerial survey of 
Middlesex. The survey produced no new conclusions related to the landfill. 
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As a result of the survey findings, the following conclusions were made: _-_ T&i zz 
l The contaminated area in its present configuration and use presents no 

significant radiation exposure potential to the public. This should be the 
case as long as the area is undisturbed by excavation or the construction 
of habitable enclosures. 

0 The exposure of individuals at or exceeding guide levels cannot be 
convincingly dismissed as a credible possibility under circumstances 
which could exist if the area were developed in the future with 
residences or other habitable structures. 

REMEDIAL ACTION OPTIONS AND COSTS 
Remedial action is indicated. In April 1978, an engineering evaluation and environ- 
mental analysis was completed of options for various remedial actions at this site. 
The options range from stabilization of the material onsite to removal of all material 
to background radiation levels and backfilling to present condition with clean fill. . 

* Based upon the engineering evaluation of the site, it is estimated that the original . 
6,500 cubic yards of contaminated soil from the sampling plant have now been ’ 
dispers;ed with other soil and landfill debris. The contaminated portion involves a 
volume of between 34,000 to 69,000 cubic yards of soil. There has been additional 
sanitary landfill activity since the radioactivity was dispersed in the landfill. An 
estimated 16,000 to 21,000 cubic yards of nonradioactive soil and debris currently 
cover the contaminated soils. the estimated cost for the removal and backfill . 
remedial action is $50,000,000. . 

PROJECT STATUS 

Radiological surveys have been completed. An engineering evaluation report was 
issued in April 1979 and an environmental analysis was issued in July 1979. The 
Assistant Secretary for Environment has determined that the site will require remedial 
action. Authority to implement remedial action exists under the Atomic Energy Act 
of 1954, as amended. 
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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 Perry’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-sam,pling 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 jr-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 onsitc and offsite over periods as 
recommended in’10 CFR 712 for structures in Grand Junction, Colorado. As a result 
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of an aerial survey conducted by ,EG&G for the-DOE between May 20 and May 27, 
,1976, and followup ground surveys by ORNL, t?w&dditional properties were identified 
that were contaminated by material handled at the Sampling Plant. 

REMEDIAL ACTION OPTIONS AND COSTS . 
Remedial action is indicated and could ‘invoive excavation of soil at the site and 
adjacent and nearby properties, and removai of buiIdings and equipment from the 
sampling plant site. The DOE has proposed a two-stage remedial action at this site 
and is in the process of obtaining local government and owner approvai. The plan 
would entail the cleanup of all offsite contaminated property and interim storage of 
the contaminated material onsite until a disposal site is identified at which time the 
entire site would be decontaminated. Seventy-seven-hundred cubic yards of contami- 
nated materials would be produced. Estimated cost for this remedial action is 
$48,000,000* 

PROJECT STATUS 
A radiological survey was performed in May 1976. The final report was issued in 
November 1977. Additional offsite survey work is being conducted, The Assistant 
Secretary for Environment has determined that remedial action is required. An 
engineering evaluation report (Title I) and an environmental anaiysis report were 
issued in JuIy 1979. The DOE has drafted preliminary remedial action plans that 
schedule the remediaf action to begin in FY 1980 and a cooperative agreement 
between the DOE, the Borough of Middlesex, and the State of New Jersey was signed 
in December 1979. In addition, the NEPA process has been completed for remedial 
actions at the Williams Street and Catholic Church properties and proposed remedial 
actions have been approved (September 1979). Authority exists for implementation 
under the Atomic Energy Act of 1954, as amended. 

. 
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NATIONAL GUARD ARMORY 
CHICAGO, ILLINOIS 

OWNER HISTORY 
The property is owned by the State of Illinois. 

SITE LOCATION 
The armory is located at 52nd Street and Cottage Grove Avenue, Chicago, Illinois. 

MED/AEC SITE USE 

During the MED/AEC era, uranium was apparently used at the site and it is believed 
that some type of uranium processing was performed. Personnel recall that the 
grandstand surrounding the arena was used for storage of radioactive materials. The 
use of the arena may have involv& the chemical processing and metal casting of 
uranium. Use of the facility was terminated in 1951. 

POST MED/AEC SITE USE 
Contaminated dirt from the arena was removed and at a later date additional dirt 
removed and replacd with a concrete pad. It is currently in use as offices, 
classrooms, and as storage and garage areas. 

RADIOLOGICAL HISTORY 
A survey was conducted under the FUSRAP during September and October 1978. 
Surface contamination was found in 10 of over 160 rooms in the armory. 
Contamination was generally in small localized spots except for Room 1 wyre it was 
widespread. The highest alp3 contamination2 was 5x10 dis/min/lOOcm and the 
highest beta-gamma was 3.5x10 dis/min/lOOcm . Contamination was also observed in 
catch basins in a number of rooms. Air samples indicated radon concentrations below 
maximum permissable concentration for uncontrolled areas. Analyses of soil samples 
indicated results within the range of concentrations found in background samples. 

Direct instrument and smear surveys indicate some contamination is still present 
within the building. All of the contamination in Room 1 exceeds guidelines for 
unrestricted use. Contamination in two catch basins in Room 1 exceeds guidelines. 
Seven other locations throughout the building exceed guidelines. Radon concentrations 
in air samples were normal and soil sample analyses showed no elevated readings above 
background levels in soils. Other radioactive items such as radium dials were also 
noted. 

REMEDIAL ACTION OPTIONS AND COSTS 
Remedial action may be indicated and could involve decontamination of building 
surfaces and excavation of floor areas. Twenty-five cubic yards of contaminated 
material would be produced, The estimated cost for this remedirll action is $710,000. 

PROJECT STATUS 
A radiological survey was completed in October 1978. Draft survey reports have been 
completed and final reports are being prepared. The Assistant Secretary for 
Environment will make a determination of need following the final report. Authority 
to implement remedial action will be required. 
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OLIN CORPORATION 
’ JOLIET, ILLINOfS 

OWNER HISTORY 
The site was originally owned by Blockson Chemical Company, which was sold in 1955 
to Olin Mathieson Chemical Corporation, the present owner. 

SITE LOCATXON 
The site consists of a single building used for a pilot plant operation in Joliet, Illinois. 

MED/AEC SITE USE 
The site was used during the period of 1951 to 1962 to conduct a development program 
for the extraction of uranium from phosphoric acid. 

POST MED/AEC SITE USE 
The building (site) is presently being used to process phosphoric acid tihlch contains 
elevated levels of natural uranium. 

RADIOLOGICAL HISTORY 
The work at the site included operation of a small pilot plant for the extraction of 
uranium from phosphoric acid. A radiological survey for the FUSRAP was conducted 
from March to November 1978. A draft of the final report has been prepared and is 
undergoing review, 

Natural uranium contamination was found on the floors, overhead beams, and in the 
tanks and equipment where chemicals were processed. Small areas exceed applicable 
guidelines. Some contamination of the roof was found in which radium-226 was 
identified. In some places contamination is easily removed. The extent to which the 
contamination is due to the MED/AEC work because of the present operation is not 

. known. Radon concentrations in air samples were normal. ResuHs of analyses of soil. 
samples taken about the grounds adjacent to the buildings showed no elevated readings 
above natural background in the soil. 

REMEDIAL ACTION OPTIONS AND COSTS 
Remedial action may be required and would involve decontamination of building 
surfaces and quipment. Three-hundred cubic yards of contaminated material might 
be produced. Estimated cost for this rem&dial action is $680,000. 

PR03ECT STATUS 
Upon completion of the radiological survey report, the Assistant Secretary for the 
Environment will determine whether the site rquires remedial action. Authority to 
implement a remedial action will be required. 
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PALOS PARK FOREST PRESERVE 
COOK COUNTY, ILLINOIS 

OWNER HISTORY 
1942-1956: 

1956-Present: 

Leased by the U.S. Army Corp of Engineers from Cook County 
Forest Preserve District 
Cook County Forest Preserve District 

SITE LOCATION 
The park preserve is located in Cook County, approximately 5 miles east of Lemont, 
Illinois. Within the park preserve, 20 acres were used for the MED/AEC activities. . 
MED/AEC SITE USE . 
The site contained two nuclear reactors and associated buildings and laboratories and a 
radioactive waste burial facility. The first successful nuclear reactor, CP-1 at the 

- University of Chicago, was rebuilt as CP-2 at the site. The first heavy-water cooled 
and moderated reactor, CP-3 (designated CP-3’ when rebuilt) was also at the site. 
Among the programs carried out at this site during and after World War II were fission 
product separations, reactor physics, tritium recovery from irradiated lithium, and 
studies of the metabolic effects of radionuclides on laboratory animals. 

POST MED/AEC SITE USE 
The site is currently utilized as part of the entire park forest preserve for recreational 
activities. 

RADIOLOGICAL HISTORY 
In 1956, the Federal Government returned all of the 20 acres to the Forest Preserve 
District. Before that time, the research reactors were decommissioned, radioactive 
materials were removed from the site and remaining radioactive components, in&d- 
ing the reactor vessel, were encased in concrete and buried onsite. The empty 
buildings were surveyed, decontaminated if necessary, and demolished. The waste 
burial site was decommissioned by digging S-foot-deep trenches around the perimeter 
and filling them with concrete. A l-foot-thick concrete pad was poured over the top. 
The plot was then covered with soil and seeded. By the summer of 1956, decommis- 
sioning was complete, and the area was surveyed with state-of-the-art portable survey 
quipment. No detectable surface contamination was found. A limited environmental 
monitoring program was begun at the Pales site in 1954, continuing about every other 
year until 1975. L 

An extensive radiological survey was conducted under the FUSRAP during 1977 which 
showed that tritium was migrating from the former waste burial site. 

Results of the 1977 survey indicate that the only significant pathway for exposure to 
the public is tritiated water moving from the former waste burial site to a dolomite 
aquifer and being consumed by individuals using the picnic wells on the preserve. The 
possible dose to people from this pathway is estimated to be 0.7 mrem/year. 

REMEDIAL ACTION OPTIONS AND COSTS 
Remedial action 1s indicated and could involve excavation of contaminated material 
and restoration. Estimated cost for this remedial action is $7,100,000. 
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PR03ECT STATUS 
.,w., . -2 

A radiological survey was completed during 1977 -and the final report was issued in 
April 1978. The Assistant Secretary for Environment has determined that the site will 
require remedial action. Both an environmental analysis report and an engineering 
evaluation report-Title I have been completed and were issued in September 1979. 
Additional authority is required to implement remedial action. 
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ST. LOUIS AIRPORT 
ST. LOUIS, MISSOURI 

OWNER HISTORY 
1946-1973: U.S. Government 
1973-Present: City of St. Louis, Airport Authority 

SITE LOCATION 
The storage site is a 21.7-acre tract located adjacent to the north boundary of the 
Lambert-St. Louis International Airport. The site is approximately 15 miles northwest 
of St. Louis. 

\ 
MED/AEC SITE USE 
The site was used for storage of residues and contaminated scrap and equipment 
generated by the Mallinckrodt Chemical Corporation, Destrehan Street Plant uranium- 
processing operations during the period 1946 to 1953. Various residues were stored 
above ground and in the open, above ground in steel drums, and below ground in an 
Open concrete pit. Contaminated scrap and equipment were buried and later covered 
with clean fill. During 1966$and 1967, all residues were removed from the site. 

POST MED/AEC SITE USE 

The site has remained unused since 1967 with access controlled by the airport 
manager. Decontamination activities have taken place during 1969. Proposals have 
been made by the NRC to relocate contaminated material from the formerly licensed 
Latty Avenue site in Hazelwood, Missouri; and the St. Louis Airport Authority has 
recommended development of the site as a driver-training course for the police 
academy. 

RADIOLOGICAL HISTORY 
Wastes generated from uranium processing and other activities between 1947 and 1967 
were stored onsite. In addition, 60 truck loads of contaminated scrap metal and a 
contaminated vehicle were buried onsite. During 1966 and 1967, most of the stored 
residues were sold and removed from the site. All onsite structures were razed and 
buried onsite. Contaminated soil in the residue storage area was removed and 1 to 3 
feet of clean fill spread over the site. A radiological survey for the FUSRAP was 
conducted in August and November of 1978. Present access to the site is limited and 
it is used to receive clean rocks and fill. 

Contamination of the site is due to buried deposits of naturally occurring radlonu- 
elides, namely uranium-238, radium-226, and thorium-230. Average concentrations of 
radon and radon daughters in air were well below guideline values for the general 
public. Surface radiation guidelines are exceeded at 10 onsite locations and 2 offsite 
locations in a ditch on the site side of an adjacent road north of the site. Soil along 
the r,orthern fence has been disturbed by burrowing animals and eroded by water 
drainage. This contamination is the cause of the elevated surface beta-gamma and 
external gamma radiation exposures found in these ditches. The guidelines for 
external gamma exposure would be exceeded at five locations at the site if the area 
were frequently occupied. Currently, access to the site is limited. 
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REMEDIAL ACTION OPTIONS AND. COSTS 

Two remedial action options have been proposed. The first Is stabilization and control 
for which a cost estimate ranging from 1.5 to ‘3 million dollars has been developed. 
The second is removal of 180,000 cubic yards ‘of the contaminated material and 
restoration of the site at an estimated cost of $98;000,000. 

PROJECT STATUS 

A radiological survey was conducted in August and November 1978; the final report 
was issued in September 1979. An environmental impact analysis was issued in July 
1979 addressing proposed and alternative actions. No Title I design has been done. 
Additional authority for the Assistant Secretary for Nuclear Energy to implement 
remedial action is required. 



SEAWAY INDUSTRIAL PARK 
TONAWANDA, NEW YORK 

OWNER HISTORY 
Seaway Industrial Park Development Company, Inc. 

SITE LOCATION 
The site, covering 100 acres, is located in Tonawanda, New York, adjacent to the 
Niagara River. It is primarily used as a landfill. Approximately 13 acres of the 
landfill has been used for storage of radioactive materials. It is adjacent to the 
Ashland Oil Company property, another formerly utilized MED/AEC site. 

SITE USE . 

In 1974, approximately 6,000 cubic yards of uranium-processing residue, comprised 
essentially of low-grade uranium ore tailings, were excavated from the adjacent 
Ashland Oil, Inc., property and dumped onto three areas of the landfill. 

RADIOLOGICAL HISTORY 
Since their initial transport to the site, the residues have been somewhat scattered and 
mixed with clean soil by earthmoving and spreading associated with the landfill 
operation. A radiological survey was conducted under the FUSRAP during August 
1976. The survey indicated that radioactive material is being transported off-site by 
surface runoff. An aerial survey was conducted in September 1979. 

Results of the 1976 survey indicate external gamma, radon, and radon daughter levels 
exceed guideline values over small areas of the landfill. However, these levels do not 
present a health hazard under the current site use because of low exposure time to 
landfill workers in the vicinity of the residues. 

Potential health hazards could result from either conversion of the site use by 
construction of buildings or from use of residues for fill at another site or as a 
construction material. If a building were constructed in certain portions of the site, 
radon daughter levels of 0.15 or higher could develop in the building. 

REMEDIAL ACTION OPTIONS AND COSTS 
Remedial action is indicated and could involve excavation of the residues from the 
site, including a stream and drainage ditch. Thirty-nine-thousand cubic yards of 
contaminated material would be produced; The estimated cost for this remedial 
action is $24,000,000. 

PROJECT STATUS 
A radiological survey was completed in August 1976; the final report was issued in May 
1978. The Assistant Secretary for Environment has determined that the site will 
require remedial action. Additional authority for the Assistant Secretary for Nuclear 
Energy to implement remedial action is rquired. 

.- 
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SENECA ARMY D@OT 
ROMULUS, NEW YORK 

OWNER HISTORY 
The site is owned and operated by the U.S. Army. 

SITE LOCATION 
The depot consists of approximately 10,000 acres, of which approximately 20 acres 
were involved in the MED activities. This area consists of 11 munitions bunkers and 
surrounding areas over which material was transported. 

MED/AEC SITE USE 
About 2,000 barrels of pitchblende ore were stored in 11 munitions bunkers during a 
short period in the 1940s. 

POST MED/AEC SITE USE 
Upon removal of the ore, the bunkers reverted back to storage sites for ammunition 
and have continued in this function since that time. 

RADIOLOGICAL HISTORY 
Since the original short-term storage of uranium ore in munitions bunkers, some 
contamination of the interior surfaces of at least eight bunkers has been present. A 
radiological survey was conducted under the FUSRAP during September 1976. The 
survey indicated that the interior surfaces of at least eight of the bunkers have been 
contaminated with uranium ore and as a consequence, natural uranium and its 
daughters, including radium-226, may be found on these surfaces and on outdoor 
surfaces near the entrances to these bunkers. 

Results of the 1976 survey indicate that the interior surfaces of at least eight of the 
bunkers were contaminated with uranium ore. 

_ 
Direct alpha readings exceeded the 

maximum guideline in some areas of each of the eight bunkers and transferable alpha 
exceeded the maximum guideline in six. Transferable beta contamination in excess of 
the guidelines was found in one area of the floor of one bunker. Radon daughter 
concentrations exceed 0.03WL in six bunkers but all were less than 0.048WL. External 
gamma radiation levels at one meter were below guideline values. The only 
contaminated soil was found near the surface in small areas bear bunker entrances. 
No health hazard exists because of the very low occupancy time of the bunkers, 

Potential health hazards could result from exposure to radon and radon daughters 
concentrations in the bunkers if occupancy times were to increase. While no crops are 
currently grown on site, use of the contaminated soil for such a purpose could produce 
additional human exposure. 

’ REMEDIAL ACTION OPTIONS AND COSTS 

Remedial action is indicated and could involve thoroughly cleaning all floors, walls, 
ceilings, vents, and drains. Contaminated soil outside the bunkers could be excavated. 
Four-hundred cubic yards of contaminated material would be produced. The.estimated 
cost for this remedial action is $860,000. 
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PROJECT STATUS - . 

A radiological status survey was completed during September 1976; the fina! report 
was isSued in February 1979. The Assistant Secretary for Environment has determined 
that the site will require remedial action. Authority to implement remedial action 
exists under the Atomic Energy Act of 1954, as amended. 

. 
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SHPACKLANEhit 
NORTON, MASSACHUSETTS 

OWNER HISTORY ’ 
The property is presentiy owned by Mrs. Isadore Shpack and had been owned by the 
Shpack family before the suspected date of contamination. 

SITE LOCATION 

The site is iocated in Norton, Massachusetts, near the common corporate boundary of 
Norton and Attieboro, Norton is approximateiy 15 miles northeast of Providence, 
Rhode Island. The area of concern comprises approximately 5 acres. 

. 

MED/AEC SITE USE 
The Shpack Landfill was a private landfill that received “industrial” wastes from local 
operations. A NRC investigation determined that the former M&C Nuclear, inc., 

_ Attleboro, Massachusetts (merged with Texas Instruments, Inc., in 1959) had used the 
Shpack Landfill area for the disposal of trash and other material, including burning 
zirconium ashes, associated with nuclear fuel operations conducted at the facility 
from 1957 to 1966, The NRC investigation concluded that it is possible that the 
aforementioned facility was the source of the major portion of the radioactive 
material. 

POST MED/AEC SITE USE 

The landfill is now dosed and the area is undeveloped. The surface presently contains 
metal, brick, concrete, blocks, iron drums, plastics, and miscellaneous debris. The 
area is poorly drained and covered with water part of the year. 

RADIOLOGICAL HISTORY 
On September 22, 1978, the NRC Region I Office was contacted by a concerned 
citizen who had identified elevated (above background) radiation levels at the Shpack 
Landfill site. A speciai investigation by the NRC from October through December - 
1978 verified the presence of radioactivity above background levels at the Shpack 
Landfill. Gross alpha measurements of well water from the Shpack residence were 
found to be within EPA Drinking Water Standards. An independent study conducted by 
Brown University students produced resuits which were orders of magnitude higher 
than the gross alpha measurements of the NRC study and far in excess of EPA 
standards. The NRC, in conjunction with the State of Massachusetts, collected a 
number of additional water samples and had them anaiyted at a number of independent 
laboratories. The results verified that well water in the area was not affected as all 
well samples were bdow EPA standards. As a result, the NRC determined 
contamination at the landfill posed no immediate hazard to human health but potential 
for exposure did exist. Representatives from the DOE and ORNL visited the site and 
performed a preliminary ground survey and EG&G, Inc., performed an aerial 
radiological survey, The ground survey (July 24, 1979) concluded that the site was . 
contaminated with uranium- and radium-bearing materials and that the uranium was 
primarily depleted uranium. A full radiological survey was recommended. The aeriai 
survey (August 8 qd 9, 1979) did not detect any radiation leveis significantiy above 
those due to.natural bat@round. 

Results of studies cornpitted to date indicate that the current use of the landfill does 
* not pose an immediate hazard to human health but potential for exposure does exist, 
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REMEDIAL ACTION OPTIONS AND COST 
Remedial action may be required and could include excavation of contaminated soil. 
A preliminary estimate indicated that approximately 4,500 cubic yards of contami- 
nated material would be produced. The estimated cost for this remedial ‘action is 
$2,200,000. 

PROJECT STATUS 
The DOE has asked ORNL to develop and implement a survey plan for the Shpack 
landfill site. Upon completion of these efforts, a determination will be made by the 
Assistant Secretary for Environment as to whether remedial action is required. A 
determination as to whether additional authority is required to implement remedial 
action is currently underway. 

. 
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UNIVERSAL CYCLOPS, INC. 
ALIQUIPPA, PENNSYLVANIA 

OWNER HISTORY 
1942-1955: Vulcan Crucible Steel Company . 
1955-1960: . Vulcan Crucible Steel of H. K. Porter 
1960-1966: Vulcan-Kidd SteeI of H. K. Porter 
1966-Present: Vulcan Cyclops, inc 

SITE LOCATION 
The site is located in Aliquippa, Pennsylvania, and consists of one building and 
surrounding areas. 

MED,‘AEC SITE USE 
Uranium billets were received, rolled into rods, boxed, and shipped out. This site 
consisted of a rolling mill, two furnaces for heating, and cutting and extruding 
equipment. The finished rods were stored in boxcars after being transferred to the 
receiving and shipping room for weighing. The building is one story over- 30 feet high 
with part concrete, part dirt, and part metal floor. 

POST MEDlAEC SITE USE 
Portions of the building are presently leased to Heritage Box Company and Precision- 
Kidd for use as storage areas. 

. . 

RADIOLOGICAL HISTORY 
During February 1949, dust samples at the mill were collected by representatives of 
the New York Operations Office-AEC. From data obtained from these samples, it was 
apparent that the entire group of employees was exposed to concentrations of alpha- 
emitting dust that were above the preferred level. Recommended corrective actions 
were provided to the Vulcan Crucible Steel Company. A follow-up survey was made 
and required decontamination and equipment disposition defined. Decontamination 
was completed by March 1950. A radiological survey was conducted under the 
FUSRAP during May 1978. 

Results of the 1978 survey indicate some contamination is still present in the building. 
Floor areas’ and overhead beams showed transferable natural uranium contamination. 
Radon concentrations in air were normal. Only one soil sample contained eievated 
levds of uranium. Current use of the building does not present a health hazard. 
However, cleaning or demolition of the building coitld cause significant exposure. 

REMEDIAL ACTION OPTIONS AND COSTS 
Remedial action may be required and could involve excavation of a small amount of 
soil and decontamination of one building. Fifty-five cubic yards of contaminated 
material would be produced. The estimated cost for this remedial action is 
$1,000,000. 

PROJECT STATUS . . : 
A radiological survey was completed in May 1978. A draft report has been issued and 
is undergoing review. Upon issuance of the final report, a determination will be made 
by the Assistant Secretary for Environment as to whether remedial action is required. 
Additional authority to implement remedial action is rquired. 
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VENTRON CORPORATION 
BEVERLY, MASSACHUSETTS 

OWNER HISTORY 
1942-1965: Metal Hydrides Corporation 

. 1965-1976: Ventron Corporation 
1976-Present: Thiokol Corporation c 

SITE LOCATION 

The site is located in Beverly, Massachusetts, approximately 15 miles northeast of 
Boston. Three buildings were used for MED/AEC-related work. 

MED/AEC SITE USE . ’ 
From 1942 to 1948,-Metal Hydrides Corporation was under contract to the MED and 
the AEC for conversion of uranium oxide to uranium metal powder, using calcium 
-hydride. The method was proven at Metal Hydrides Corporation earlier in 1941. As 
better methods for production of. uranium metal were developed, Metal Hydrides 
Corporation shifted their operations toward recovering uranium scrap and turnings 
from the slug fabrication plant at Hanford. Two wooden buildings that contained the 
foundry facilities were demolished some time between 1948 and 1950. Two other 
buildings have been erected at these locations. The remaining original building 
contained furnace and leaching facilities, a mixing room, a drying room, and analytical 
laboratories. 

RADIOLOGICAL HISTORY 
A radiation survey conducted in 1948 listed as contaminated the two foundry buildings 
and various pieces of quipment. As a result of that survey, it was recommended that 
painted surfaces be cleaned by sandblasting and contaminated concrete floor and 
platform materials be removed. 

A visit to the site for exploratory measurements was made’in January 1977 by Oak 
Ridge Operations and ORNL personnel. It was determined, based on the results of the 
exploratory measurements, that a complete radiological survey of the entire site 
should be performed. 

Based on the 1977 exploratory measurements, soil and building contamination above 
background levels exist at the site. The degree and extent of the contamination will 
be determined from a complete radiological survey. 

REMEDIAL ACTION OPTIONS AND COSTS 
Remedial action may be required and could involve excavation of contaminated soil 
and decontamination of building floors and surfaces. A preliminary estimate indicated 
that 100 cubic yards of contaminated material would be produced. The estimated cost 
for this remedial action is $880,000. 

PROJECT STATUS 

A radiological survey is scheduled. Upon completion of the survey, a determination 
will be made by the Assistant Secretary for Environment as to, whether remedial 
action is required, Additional authority to implement remedial actron is required. 
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WATijRTOWN AR&AL 
WATERTOWN, MASSACHUSETTS 

OWNER HISTORY 
1946-1967: U.S. Government 
1967-Present: Watertown Redevelopment Corporation 

SITE LOCATION 
The site is located adjacent to the current boundary of the Watertown Arsenal in 
Watertown, Massachusetts, approximately 5 miles west of Boston. Only one building 
has been confirmed as being utilized for the the AEC activities; bowever, several 
additionat buildings may have been. 

MED/AEC SITE USE 
The Massachusetts Institute of Technology (MIT) operated a laboratory and a uranium 
ore testing facility for the AEC in a now-demolished building at the Watertown 
Arsenai. A modified ion exchange technique for production of U 0 
a fluidized bed system, was developed at this site. Initial resear cwf 

, which employed 
0 African ores was 

conducted at MIT in Cambridge. 
Arsenal (building 421) in 1946. 

,Tbe’ activity was transferred to the Watertown 
MIT conducted the research activities until 1950 at 

which time American Cyanamid took responsibility for the functions of the site. in 
1953, the AEC activities at Watertown Arsenal, building 421, were transferred to a 
new facility. 

. 

POST MED/AEC SITE USE 
The site has been transferred to the Watertown Redevelopment Corporation and is 
presently unused. Only the concrete pad of building 421 remains. Operations involving 
uranium are continuing in other areas of the arsenal. 

RADIOLOGICAL HISTORY 
The AEC Chicago Operations and Argonne National Laboratory (ANL) completed a I 
comprehensive radiological survey of the portion of the arse& (building 421 and 
surrounding area) used for the AEC activities. Direct instrument surveys of the pad of 
building 421 and south wall of building 331 (nearest building to the pad) identified 
three small spots on the pad that exceed the proposed ANSI standard No. N13.12. 
Smears indicated that the contamination .was fixed and the analysis of one sampie 

, 

identified the contamination to be from natural uranium. Other direct instrument 
measurements taken showed no readings above natural background. Analyses of soil 
‘samples, water samples, and measurements of radon in the air gave no indication of 
radiation above natural background. 

During the ANL radiological assessment of the building 421 site, it was discovered that 
several additional buildings and facilities were involved in uranium operations during 
the MED/AEC era. This included buildings 34 and 41, which have been razed. Both 
building sites are within the confines of the arsenal area, though they have been turned 
over to the Watertown Redevelopment Corporation. There is no evidence of a _ 
radiological survey being performed for these two buildings. in addition, there is an 
area on the north side of Arsenal Street that had been used for uranium storage and as 
a burn artk A survey was made in this area by Watertown Arsenal Radiation Safety 
personnel in 1973. Their investigation revealed a si@ficant amount of contamination 
m the pad and a need for a marl comprehensive survey of the area. The DOE pi,ans to -_ . 



survey the area north of Arsenal Street and the pads of buildings 34 and 41 during 
1980. These areas were used by the Army for uranium storage and as a bum area. 

Based on the preliminary surveys, the contamination is at an acceptable level and does 
not represent a hazard to the general population. However, if site use is changed, 
there ls a potential for excessive exposure. 

REMEDIAL ACTION OPTIONS AND COSTS 

Remedial action may be required and could involve excavation of soil and decontami- 
nation of the concrete pad. Two-hundred-sixty cubic yards of contaminated material 
would be produced. Estimated cost for this remedial action is $630,000. 

PROJECT STATUS 

Additional radiological survey work is scheduled for FY 1980. Upon completion of this 
survey, the Assistant Secretary for Environment will determine whether remedial 

. . action is required. Additional authority to implement remedial action is required. 

+lJS. COVERNYEWT rctlNllffi OFFKX: ISf(ilmll) 
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March 24, 1986 

Department of Energy 
. , Oak Ridge Operations 

P. 0. Box E 
Oak Ridge, Tennessee 37831 

Mr. Joseph F. Nemec 
Program Manager - FUSRAP 
Bechtel National, Inc. 
P.O. Box 350 
Oak Ridge, TN 37831 

Dear Mr. Nemec: 

FUSRAP PROTOCOLS 

Enclosed for your information and use is one copy each of the current 
revisions of the FUSRAP summary protocol, the FUSRAP designation/elimination 
protocol, and the FUSRAP verification and certification protocol. 
These documents, in combination with the latest revision of the 
Energy Systems Acquisition Project Plan for FUSRAP, detail procedures, 
requirements , and responsibilities for each phase of the remedial 
action program effort. 

If there are any questions, pl,eaSe call me. 

Sincerely, 

E. L. Keller, Director 
Technical Services Division 

CE-53:Keller 

Enclosures: 
As stated 
cc w/encls.: 

P. Merry-Libby, ANL 
W. Latham, AD-421 
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SUMMARY PROTOCOL 

IDENTIFICATION - DESIGNATION 

REMEDIAL ACTION - CERTIFICATION 

. . .- _. ‘. .~’ 
.-. 

j / I : .: . . - - .’ . . . : 
.‘/,.’ -1; _ 

INTRODUCTION 

This sumnary protocol describes those activities necessary for 

accomplishing the Formerly Utilized Sites Remedial Action Program 

objective, which is to ensure that sites formerly used by the 

Manhattan Engineer District and the Atomic Energy Commission are not 

contaminated with radioactive residues that may present a radiological 

hazard to the general public. This summary protocol is presented in 

four phases: Preliminary Analyses (identifying potentially, 

contaminated sites), Radiol,ogical Evaluation and Designation 

(evaluating the radiological condition of the site and determining if 

remedial action is needed), Engineering and Remedial Action* (site 

characterization and planning, selecting, engineering, and 

implementing the action), and Certification of Site Conditions 

(verifying site conditions and archiving the records that document the 

results of remedial action). Additional guidance is provided on the 

first two phases and the fourth phase respectively in two supplements 

to this protocol entitled FUSRAP Designation/Elimination Protocol 

(Supplement No. 1) and the FUSRAP Verification and Certification 

Protocol (Supplement No. 2). Additional details regarding 

implementation of the third phase of the program are provided in the 

report Energy Systems Acquisition Project Plan-FUSRAP (Revision .l)ll 

April 1985, and subsequent revisions. 

*Remedial action may involve decontamination or stabilization and 
restricted use through institutional control or physical modifica- 
tions. 
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Appendix A is a flow diagram with decision points and assignment 

of responsibilities for specific program activities. All phases 

except the Engineering and Remedial Action Phase are outlined in some 

detail and covered in the enclosed flow charts. Only a brief 

discussion of the Engineering and Remedial Action Phase is contained 

in this protocol (see "Energy Systems Acquisition Project Plan-- 

Formerly Utilized Sites Remedial Action Program, Revision 1," Steps 3 

through 7, April 1985). 

..b. 

This protocol places the primary emphasis on contaminated sites or 

potentially contaminated sites for which there is existing authority 

that will permit DOE to perform remedial action at the site. However, 

the section on the first phase of this protocol also discusses the 

actions taken with regard to sites for which DOE. is unable to 

establish remedial action authority. In the interest of efficiency 

and economy of operation, this protocol limits the amount of 

radiological survey data collected during the first two phases of the 

protocol to the minimum needed to determine if a site should be 

included in the program or eliminated from it. Any additional 

radiological data needed for project engineering will be accomplished 

during the engineering and remedial action phase of the operation. 

Similar guidance is provided for engineering of the remedial action to 

ensure that the magnitude and cost of the engineering, planning, and 

environmental reviews do not exceed the worth or the beneficial effect 

of the action. Throughout this process, the professional judgment of 

the radiological survey personnel and the engineering and project 

management personnel is utilized, with guidance from the DOE Division 

of Facility and Site Decommissioning Projects (DFSD) to determine the 

level of survey, engineering, and/or.environmental work required to 

achieve the associated goals. 

In order to ensure that any remedial action completed is preformed to 

comply'with and meet appropriate standards and guidelines, the last 

phase, Certification Phase, includes a verification activity. The 
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goal of this phase is also to ensure through proper documentation that 

each remedial action is adequately documented and archived so that a 

permanent record of its final radiological condition will always be 

available. 

SUMMARY PROTOCOL 

The following narrative was prepared, along with Figure I-- 

Preliminary Analyses, Figure II--Radiological Evaluation and 

Designation and Figure III--Engineering and Remedial Action and 

Certification of Site Condition (attached), to describe DOE protocols 

for determining if a site warrants consideration for remedial action. 

The narrative is subdivided to follow these figures. As can be noted 

in Figures I, II, and III, the decision point that is the transition 

from one phase to the next is repeated on these figures but is 

discussed in the narrative in the earlier of the two phases. 

PRELIMINARY ANALYSES PHASE 

During this'phase of the program, sites are identified and 

evaluated to determine if they can be designated (included in) or 

eliminated from the remedial action program, or if a radiological 

survey of the site is required to more clearly define the radiological 

condition of the site to support this decision. This phase has five 

steps that include two decision points. This phase of the program is 

conducted by DOE-DFSD with assistance from a technical support 

contractor, a radiological survey contractor, and an aerial survey 

contractor as appropriate. 

Step 1 - Data Collection and Site Identification 

During this step, information sources are identified and 

investigated by the DOE-DFSD Technical Support Contractor. These 

sources include input from individuals or organizations and historical 
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records. While input from individuals and organizations is actively 

sought and has provided much useful .data, MED/AEC operating records 

provide, by far, the more usable data. Records associated with MED 

and AEC operations stored at various DOE and contractor records 

centers, the National and Regional Archives, and other agency records 

centers (such as NRC license records) located throughout the country, 

are scanned to determine if they are pertinent to the FUSRAP 

investigations. Records groups identified as possible sources of data 

are reviewed and available contracts, operating recordg,.and records 

of previous radiological surveys are assembled. The l&elor detail 

of the reviews for specific groups of records depends on the . .;: : :: . . . 
importance of the records to the program. The more likely that new or 

additional data will be found in a specific set or group of records 

the more detailed the review of the records will be. Information from 

these sources is used to develop a list of potential FUSRAP sites that 

is updated as new data is collected. Ownership data are collected, 

wherever possible, especially for those sites determined to be highly 

probable candidates for FUSRAP. 

In some cases, copies of pertinent materials are made and 

maintained for the record; in other cases, the location and a general 

description of&e records are recorded. A data management system is 

utilized to keep track of records reviewed, identified, and collected. 

Step 2 - Historical Data Analysis . 

During this step, site-specific data collected during records 

searches and investigations are reviewed and analyzed by the 

contractor to determine the potential for contamination and DOE 

authority to conduct remedial action at the site. Potential for 

contamination is considered significant if the records indicated 

,that: (1) the MED/AEC onsite operations were large, that is conducted 

over many years and/or the contractor processed large quantities of 

material; (2) the site bad a history of onsite burial of radioactive 



material; or (3) radiolog?cal data suggests the site is contaminated 

and/or input from cognizant individuals suggests that the site is 

contaminated. Contamination is considered possible if the historical 

data indicates AEC operations could have resulted in the site being 

contaminated and there is little or no data to indicate t,he site was 

ever decontaminated. Potential for contamination,,j.,q-considered low or _,, :.- “1 . .- .._ . 
improbable if only small quantities of radioactive,materials were 

handled, work on the site for MED/AEC for a very short period of time, 

and/or previous surveys adequately demonstrate decontamination was 

accomplished. Experience suggests that, for the most part, the 

potential ,for contamination is somewhat proportional to the quantities _. . , 
of data or records identified for a specific site, i.e."the more 

material processed at a site the more records were generated during 

shipping, billing, processing, etc. As a result, unless there is 

,evidence to suggest otherwise, if only small amounts of information 

can be identified on a specific site, it is normally assumed that the 

site only operated for a short period of time or used small quantities 

of active material. 

Generally, only sites in the first two categories will be 

considered for radiological survey or the remedial action program. 

Those sites having low potential for contamination will normally be 

eliminated from the program. 

The contractor will also review and analyze the records and 

assemble materials that provide information regarding DOE authority 

for remedial action. The contractor will interface with DOE General 

Counsel to obtain guidance regarding pertinent material needed to 

determine if authority exists and will provide available records to 

the General Counsel's'office to obtain preliminary findings to be used 

in the contractor's recommendation for inclusion. The recommendation 

report will include a brief description of the former activities 

conducted at the site and those data used as a basis for the 

recommendations provided in the report. Those recommendations or 
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findings of the contractor will indicate the potential for residual 

radioactive material being found at the site and if DOE has existing 

authority to conduct remedial action at the site. Sites for which 

there is potential for contamination but no DOE authority has been 

established are bandled in several ways or categories. The first 

category of sites are those for which it is clear that DOE has no 

existing authority or that it is unlikely that additional records 

review will identify any information to provide such authority. The . 

states and or other Federal agencies, as appropriate, are provided . . . . - 

information on the sites in this category so that they can take 

appropriate actions. These sites are eliminated from FUSRAP. ..The,, ,:, '.,. _ . ." 
other group includes those sites for which continuing records reviews 

may provide additional data on which to base an authority . 

determination. .Sites in this category are held until there is 

sufficient data to provide authority or until the likelihood of 

identifying additional pertinent records is sufficiently low that the 

site is placed in the first group. The contractor will also search 

. records to determine if a needed action should be covered by programs 

other than FUSRAP. 

Step 3 - Decision Point: DOE Division of Facility and Site Decom- 
missioning Projects (DFSD) Determines Need for Additional 
Investigation 

During this step, DOE-DFSD staff utilize the information assembled 

and developed by the Technical Support Contractor to determine if the 

site should be visited and a preliminary onsite survey and/or mobile 

gamma scan or aerial survey conducted, if activities regarding the 

site should be terminated, or if the site should be held for future 

consideration. 

Site visits and preliminary surveys will be conducted at sites 

that could be contaminated with material from MED/AEC operations and 

for which DOE has authority to conduct remedial action if it is _ 

determined to be necessary and/or where an imminent hazard may exist. 
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Wide area surveys (aerial or mobile gamma scans) will be conducted at 

sites where records or survey data indicate offsite areas may have 

been affected and the potential contamination is such.that wide area 

surveys will detect it. Sites are handled as discussed above if 

contamination is possible but DOE has no authority for remedial action. 

DOE may terminate investigations and close files on a site if the 

potential for contamination is low or the site is clearly under the 

.jurisdiction of a program other than FUSRAP. Similarly, if the site . 

is currently licensed for the same activities conducted.under-MED/AEC ': 

and contamination resulting from licensed work is indistinguishable 

from that caused by MED/AEC, DOE activities relating to the site will _ _. .:. -. 
be terminated. 

If during this step DOE determines that initial radiological 

investigations are required, the Technical Support Contractor is 

tasked to identify the current site owner and a site contact if the 

information is not already available. DOE selects and assigns a 

survey contractor(s) to conduct the required onsite investigations, 

then notifies the owner and makes arrangements for site visits. For 

sites in the Hold for Future Consideration or Terminate Activity 

categories, no owner contact will be needed unless the owner was 

previously made aware of the investigations. Sites in the Hold for 

Future Considerations category will be assessed as more data are 

available and recategorized as appropriate. 

Step 4 - Initial Radiological Investigations 

This step involves site visits and wide area surveys at the sites 

identified in Step 3 that require additional investigation. These 

activities are necessary to assemble data required to include or 

eliminate the site from the program or to determine the need for a 

more comprehensive radiological evaluation of the site; and to 
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determine if there is' offsite contamination. Site visits are 

conducted to determine current site use, to determine if an imminent 

hazard exists, to obtain a preliminary assessment of the radiological 

condition of the site, and collect data that will be used by DOE to 

determine if the site can be eliminated from or included in the 

program without implementing a more comprehensive survey. 
_ 

:: 's . '. .: -:I . ct., J.. +r;...*:- ._ ;s 
. 

The site visit is a multipurpose operation conducted by the ' :' ' '*_ 

'. assigned survey contractor and, in some cases, a DOE representative. 

During this visit, the owners or lessees are provided's brief 
.,..;- -.- _ _ .‘: i 

description of the program and the purpose of the investigation'. The * 
_' 

- 7 . % 7 - .. 
survey team determines the current use of the site and'any expected 

r>.c *.<-‘-i : 47.2 
'- >"- ." * 

,- 1. 
changes in use. A cursory walk over survey is performed to aid DOE in 

determining if further activity is needed at the site to ensure that 

the health and safety of the public is protected, and to ensure that 

there is no imminent hazard resulting from former MED/AEC operations. 

The cursory survey may involve gamma, alpha, and/or beta-gamma 

measurements and some air, water, or soil sampling if felt necessary 

by onsite survey personnel. The survey contractor should collect 

sufficient data to provide descriptions of the facility's physical and 

radiological condition to support a survey plan (if DOE determines 

that a radiological evaluation survey is needed) or a designation for 

remedial action (if it is appropriate). This effort should be limited 

to 1 day or less if possible. Following the visit, the survey 

contractor will be responsible for providing a draft preliminary 

survey report to DOE within 1 month (unless otberwise directed) after 

the visit. The report should contain the contractor's suggestions 

regarding need for additional surveys. 

For those areas determined to need wide area surveying to 

determine if offsite surveys are needed, two types of surveys may be 

utilized, aerial and mobile gamma scanning. The aerial survey is 

conducted using a helicopter or fixed wing aircraft and covers very 

large areas and identifies the general area(s) of contamination. The 
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gamma scan is a mobile-based survey conducted along streets, alleys, 

and other accessible roadways throughout the area. Individual 

properties having radiological anomalies can be identified using 

mobile gamma scanning techniques. Following completion of wide area 

surveys, the survey contractor will prepare a report providing the 

results of the survey and recommendations concerning the potential for 

offsite contamination. If there is no indication of-offsite- ,I, -- -B--t-r-t, .- . 

contamination, the aerial and/or mobile gamma survey reports may . ^. 

suffice to document the findings and offsite survey efforts will be 

terminated. If the wide area surveys provide positive indications of 

the-presence of offsite contamination potentially due to DOE 

predecessor activities, DOE will determine if further radiological .._: 

characterization is required, or if the area can be designated on the 

basis of wide area survey data alone. Where additional offsite 

investigations are required the survey contractor or technical 

assistance contractor, as appropriate, will be tasked by DOE to 

identify owners of the properties involved. DOE will notify the owner 

of the findings and proposed actions if necessary. 

Step 5 - Decision Point: DOE Division of Facility and Site Decom- 
missioning (DFSD) Projects Determines Need for Survey Data or 
Remedial Action 

Upon receipt of the site visit and preliminary survey report, DOE 

reviews the report and recommendations, and, giving due consideration 

a to those data provided by the records searches, will categorize each 

site either for inclusion in the radiological survey program, or 

direct inclusion in the remedial action program, or elimination from 

the program. 

Sites will be included for remedial action if DOE has authority 

for remedial action and data indicate that the potential for 

contamination is significant and the preliminary survey demonstrates 
. 

that the contamination is clearly above guidelines. In this case, any 

additional survey work will be performed during the engineering phase 

of the task. 

10 



If DOE-DFSD determines the site visit and preliminary survey 

results, along with the historical data are sufficient to verify that 

the radiological condition of the site is within appropriate 

guidelines or that the site conditions are controlled by license or 

appropriate restrictions, the site is eliminated from the program. 

Sites in this category are processed for elimination and the findings 

that the radiological condition of the site is acceptable for 

unrestricted.use or, as necessary, for controlled use, are dpcumented 

and archived. 

_ ..-. 
Sites that can neither be included or eliminated from the-remedial 

action program are scheduled for preinclusion site radiological . 
evaluation surveys to better characterize their radiological 

condition. When DOE-DFSD assigns a radiological survey contractor to 

. 

complete the survey, DOE-DFSD will provide the contractor a survey 

priority for the subject site. Three categories are proposed for 

assigning survey priorities to sites. First priority sites (those to 

be scheduled for survey first) are sites for which DOE has authority 

(through the Atomic Energy Act or Congressional mandate) for remedial 

action and: 

0 Preliminary survey data indicate that the site may be 
contaminated and records suggest the potential for 
contamination from MED/AEC operations is significant; or 

0 Survey data identify radiation clearly above background and 
records indicate it resulted from MED/AEC operations. 

Second priority is assigned to sites for which DOE has authority 

and preliminary survey data indicate contamination is related to 

MED/AEC work and may be present in quantities that can exceed 

guidelines. 

Third,priority is assigned to those sites where that the 

preliminary data indicate radiation levels are clearly above 

background; but it is not clear from the data collected that the 

11 



radioactivity is from former MED/AEC operations; that is, DOE 

authority to conduct remedial action is not clear cut. Surveys at 

third priority sites will be conducted to confirm authority as well as 

to determine the need for remedial action. If authority is confirmed, 

the site will be forwarded to the next appropriate step. If the site 

is contaminated and authority is not confirmed, DOE activities will be 

terminated, and the appropriate State or Federal agency having 

jurisdiction will be notified. . 
.- :;;.;. . . . _ .L . .:- 

RADIOLOGICAL EVALUATION AND DESIGNATION PHASE _ 
“.! . . -; ),: ..::-.-‘:: . .,. 

The purpose of this phase is to further evaluate the radiological .. 

conditions of the site by more comprehensive surveys, to compare the 

conditions to applicable guidelines and standards, to determine the, 

potential for exposure and, ultimately, to determine if there is a 

need for remedial action. 

During this phase; the radiological surveys are conducted at sites 

where those data collected during the Preliminary Analysis Phase are 

not sufficient to include or eliminate sites from the program. As 

with previous activities, every effort is made to conduct only as much 

survey work as is necessary to obtain sufficient data to make a 

designation determination. Determining the extent of survey activity ...-' 

is the responsibility of the radiological survey team leader. In 

addition, an engineering contractor representative(s) may work with 

the survey contractor(s) both before and during the survey(s) to 

ensure the data collected will be of use for engineering work that may 

be needed. In some cases, where agreed upon between DOE-DFSD and the 

DOE Oak Ridge Operations Office Technical Services Division (OR-TSD), 

the comprehensive survey will be thorough enough to provide the basis 

for the engineering bid request for remedial action. 

The radiological evaluation and designation phase of the program 

contains two steps: the Radiological Evaluation Survey for 
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Designation and the Decision Point (see Figure II, Step 1 and 

Step 2). However, the radiological evaluation survey is further 

divided into two subelements. 

Step 1 - Radiological Evaluation Survey for Designation 

The radiological evaluation survey is subdivided into 

(1) Systematic and Extended Survey, the onsite survey effort; and 

(2) Document Findings, the report'preparation effort. The onsite 

survey effort is organized in stages that increase in complexity as 

they proceed from left to right on the flow chart (Figure II). Each 

stage represents a part of the survey program and, if conducted, are 

conducted as part of the same onsite survey. The radiological survey 

team leader is responsible for the decision to implement more 

comprehensive stages of the survey activity. This responsibility 

includes the decision to conduct the extended survey (i.e., biased 

measurements) in selected areas of the site or to remove minor 

contamination as part of the survey. 

Systematic and Extended Survey. The systematic stage of the 

survey is, as its name implies, a radiological survey involving 

systematic and preplanned sampling and direct radiation measurements 

over a predesigned grid network. These surveys may be of structures 

or outside areas. The measurements taken can include: 

0 Gamma, beta, and alpha scans and grid point measurements 
(fixed and removable); (grounds, buildings, and/or equipment) 

0 Air samples and analyses (Grab samples); 

0 Soil samples and analyses; (surface and subsurface) 

les and analyses; (surface and ground water)and 0 Water samp 

0 Background measurements. 

13 



.

l .
.Pl!-Odqh

lo ‘Cpq, 1wuJorncBaw

*’IO ens aaop=lj .uDht3wrn3wanp~
u=!Pw-Mprcla*;ud~~

‘r.�(w6ewwv wm way u!
U09RIUQU03-QwAYW)S:w~ . *

.wQwv-43oab!wedprcfiRs l
m

⌧l-m pu~h☺n3-

A3huns 030N3lX3I*crwts Jww-. .
WM 33vta3w

I-I!%-bowp~p*DJ~~~

I
waprl-pucP-J~ma-w

rgaucsJ!V-w.0 -!ww roy!rnl

i
ncqAMSmm-

WV-IAW-!&S ‘Ql Wlkd-2

WC pirr!Jl UUWOYlfCDYYguoJyplw!-~-
- wtvprc’nas’--- nrO k-i I‘IZ

wQ&crrl3aa1!~*4j l

s-☺--W

41 MO sNou3ltlls3Y 3.lVMMbp
A8 a31loM.l.No3 Ma a3!%433ll

4’isIML(sHIo sI 397 0wkuspmn
MCI3 3lWUlS SI 31lS 90 NOUlON03

~31~33 oi m31319dns SI A3mns
oNw33il3s A s3lllAu3v 3lvNlwM31

‘I-M 33vrla3w
m-Gkurprms9

-!lwmv
m se lcK.1 puB om2s
wwej siepdoxfdy ANN .

WbWN l

:F+=WWlo8IWlryl

*m?Q Al!YuPl-
NJw!~3 ww MP=-M

31)~S.OI!S WOdO&j .
\

s’

/1

~~ww☺wH

rcropiwprcnopul*ww*

Pw==3

IO E*eS,~‘uqPv-wP!“Owwww9-~dn
S~tl%i~S aNV WVLI!)OMd

*walua~ ‘“1 ~ircl~!y .r~pura!s*~ lA3NmS ml9o~o~avtl NI Mrl13NI. ”

I
; .

WIOVI~~ .I~llwf?S 3llVW31SAS lN3W3ldWII
IQJWW ml

_.
i

-W’J“-lw3 JQi W-lQd
:illN*rcldVt&&S*WlWM.

w ~lculirsao pw pePwax..

JW ~PmpwIS “I* saulpp!wfm~3P~zrHl~ l
w-

wl=wv leql ruvuuro *
*m-------a---c--------I_------------ -

- .---.__ _- -

~oumls3a -
SDNlaNlj m3wn310aPwwW3 h-l3 uuyrp!~O m EpnpurlS

$1 WVY90Md

L .

WlW
VM l01 WI~~LWO ~6 ~no~(s alas h uvlwmaa

Iasja) E:w~O~d 6U+toss~-~aa
alls pue *:qsej ,D u-2 +‘*‘a 3oa

:lNtOd NOIS

r .-..Lz..----.- Ed

pw uqla~ flfpwrry 10 nra buns ‘01 PWN wuflurlyl
fasjol Sl~OJc( 6”WO~SSlt”UQ~~O
WS lwhe A:~pej lo wmnta 300

:lNlOd NOISl33a

1030lOkid NOILDW lwuW3U dVkISfI=I 3Hl =fO
3SWHd NOIIWN9lS3Q CINW NOIlWfllW~3 -f=DOlOlQWkl UO=I 133HS MOlcl AUWlAlWnS

! .



While the survey may include all or any combination of these 

measurements, it will primarily be the judgment of the radiological 

survey team leader to determine which and how many measurements are 

needed. The survey team leader will interact with the engineering 

contractor representative* as required in planning the survey and will 

provide a survey plan to DOE-DFSD prior to the survey. This plan will 

document the measurements to be performed during the systematic survey' 
1‘- -._.. .L 1 I_*.* 

and briefly indicate under what conditions the extended effort (biased 

sampling) will be completed. Whenever possible, survey results wiT1 '. ..": I.,..- :,..L-.. 

be forwarded for final analysis and recommendations as to inclusion or 

e&imination based'on the results of the systematic stage of the '. . . *,..i,',' I I '; L .'1 
survey. This decision will be based on or guided by pre-established '.a " '- -- 

criteria approved by DOE-DFSD (Appendix B). For isotopes other than 

radium-226 and thorium isotopes, the soil concentration limits must be 

calculated (Appendix B). This calculation is done by the radiological 

support contractor with the assistance of the criteria development 

contractor (ANL). At some future time, EPA is expected to issue 

guidelines or standards for residual radioactive materials in the 

environment. These guidelines will be applied as appropriate. 

Where systematic surveys do not provide sufficient data to support 

this decision, based on indicated action levels, the survey will be 

extended. The decision whether or not to subject the property to more 

comprehensive data collection (bjased sampling) is made in the .field 

by the radiological survey team leader. These judgments by the 

radiological survey team leader are important to the success of this 

approach to the survey process and require the presence of a 

well-qualified survey team leader. 

*Engineering contractor is the Formerly Utilized Sites Remedial 
Action Program Management Contractor (PMC). 
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As indicated, the survey is extended to include more detailed 

measurement techniques only when the systematic effort cannot provide 

sufficient data to determine if the site exceeds applicable 

guidelines. The extended survey may include: 

0 

0 

0 

0 Surface and ground water sampling on and/or off the site; and 

0 Air sampling on and off the site. 

Additional gamma and beta-gamma measurements over a smaller 
grid to more clearly identify the extent of the contamination; ,_ -- 

Alpha measurements (fixed and removable) of floors and walls 
and, in some cases, ceilings to define contamination in or on 
building materials to provide information regarding surface 
contamination; 

_._. _, 

Sampling of building material to assist in,,defining.the 
source of the contamination and in determlning if it, is 
derived from MED/AEC activities; 

't ,- 7 < 

Radon and radon daughter monitoring or sampling for other 
radionuclides in the air over several days to determine if 
action levels are exceeded; 

Additional soil sampling and subsurface sampling in areas 
where anomalies may exist; 

It is essential that the extended survey be detailed enough to 

determine if the condition of the site can be certified to meet 

guidelines or if the site must be included in the remedial action 

program. 

Document Findinqs. If, after the evaluation survey the survey 

contractor believes the site radiological conditions meet established . . 
criteria for the site, the contractor should document its findings, 

including the results of the survey and the description of any . 

material removed from the site. The report should include the survey 

contractor's recommendations regarding additional DOE or government 

involvement at the site. The survey contractor will similarly 

document the* results of the surveys for the sites that contain 

16 



radioactive residues that exceed appropriate guidelines or standards. 

In addition to documenting the sites radiological condition and 

remedial action recommendations, these reports should briefly assess 

the potential for human exposure and associated health effects or 

riski. 

Step 2 - Decision Point: DOE-Division of Facility and Sitk Decom- 
mlsstoning (DFSD) ProJects Determines if Site Should Be 
Designated for Remedial Action 

During this step, DOE-DFSD staff will review all the data 

collected on each site and determine whether the site should be 

included or eliminated from the remedial action program. 

If DOE-OFSD determines that radiation levels at the site exceed 

applicable guidelines or standards, the site will be designated for 

remedial action by notification from the Director of the Office of 

Remedial Action and Waste Technology to the Manager of Oak Ridge 

Operations Office. This designation provides the FUSRAP office in Oak 

Ridge (OR-TSD) the authority to proceed with the remedial action 

process. Remedial measures to be considered for a designated site 

will include restricted use and stabilization on site as well as 

decontamination of the site. As part of the designation provided to 

OR-TSD, DOE-DFSD will assign a remedial action priority to the site.* 

Other guidance will be provided by DOE-DFSD to OR-TSD with the site 

*Headquarters will assign each designated,site a high, medium, or low 
priority for remedial action. (see Appendix C) These priorities 
are assigned considering the potential for public exposure to 
radiation (dose), the potential for migration of the contaminants, 
and property use. The final remedial action scheduling priorities 
determined by OR-TSD with approval from DOE-DFSD take into account 
the designation priorities as well as other factors including but 
not limited to: Congressional mandates, availability of a disposal 
site, coincidence (proximity of projects), available funding and so 
forth. 
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designation as may be appropriate; e.g., criteria for remedial action, 

remedial action options to be considered, and cost/benefit 

considerations. Simultaneous with designation of the site, DOE-DFSD 

will notify the owner of the site and appropriate state, local, and 

Federal agencies and authorities of the findings and plans. In all 

cases the Department will notify the Environmental Protection Agency 

of designation actions. 
_' I-:.. 2 - .. _ - _.:_- : 

If DOE-DFSD determines from review of the survey data that the 

site meets the applicable guidelines the findings will be documented 
"".F I' -.' 

and archived according to this protocol. If the site does not meet 

the DOE criteria but for one of the reasons stated above cannot be : 7 ,,.:.. ,.I 
included,in FUSRAP, the appropriate Federal or state agency wi?i"be 

.f .,\. 
- - 

notified to insure that proper consideration will be given to the site 

under other assessment efforts. 

ENGINEERING AND REMEDIAL ACTION PHASE 

The Engineering and Remedial Action Phase of this protocol 

encompasses conceptual and preliminary engineering activities as well 

as other activities necessary for the completion of the remedial 

action and establishment of the disposal site. The activities are to: 

0 

0 

0 

0 

0 

0 

Define and evaluate options for remedial action; 

Obtain required site-specific environmental and radiological 
characterization data; 

Select the preferred and alternative remedial 
assessed during the National Environmental PO 1 
analysis; 

Identify environmental impacts and mitigating 
assessed during the NEPA analysis; 

Select the preferred remedial action option; 

actions to be 
icy Act (NEPA) 

measures to be 

Prepare the final engineering design (Title II) of the 
options; 

18 



3scm 
0 Implement the selected remedial action and waste disposal 

action; and , 

0 Prepare the final report and assemble material for the 
certification docket (see Appendix 0). 

Implementation of this phase (Figure III) is the responsibility of 

the OR-TSD, the FUSRAP Project Management Contractor (PMC), and the 

FUSRAP NEPA Process Contractor. More detail is presented in the OR 

report, "Energy Acquisition Project Plan - Formerly Utilized Sites 

Remedial Action Program." The general flow chart of activities 

associated with this phase are shown in Appendix E (steps 3 through 

7). The need for and level of preremedial action analyses and 

preliminary engineering is dependent on many factors including 

institutional and other nontechnical factors that may dictate the 

final selection of remedial action options. In such cases, the 

preparation of certain documents and/or such things as geological 

investigations may not be required. Decisions regarding the level and 

need for site-specific studies will be made by OR-TSD with input as 

needed from DFSD. OR-TSD will provide DOE-DFSD a site-specific 

project completion report for each remedial action project and prepare 

a certification docket* for the site. 

OR-TSD will interface with DOE-DFSD 'on all key decisions such as 

remedial action selection and will supply periodic program status 

reports. Accomplish,ment of site decontamination to meet unrestricted 

use criteria or the achievement of site restrictions and adequate 

institutional control of residual contamination is the responsibility 

of OR-TSD. 
. 

*The contents of the certification docket are discussed in Appendix D 
and in the FUSRAP Certification/Verification Supplemented Protocol. 
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CERTIFICATION OF SITE CONDITION PHASE 

i 

1 . 

The Certification Phase is the responsibility of DOE-DFSD and 

OR-TSD. It utilizes data from the Remedial Action Phase as well as 

the other phases of the protocol especially the post-remedial action 

report or project completion report and involves three interrelated 

steps: 

0 Independent verification of the remedial action 

0 Decision on the adequacy of the remedial action . 

0 Certification process -" . , ._ 

- Notification of concerned parties and the issuing of a 
Federal Register Notice and 

- Completion of the Certification Docket and archiving of 
the docket 

These activities are described in detail in the Verification and 

Certification Protocol (Supplement 2 to this Protocol). 

Step 1 - Independent Verification 

An Independent Verification Contractor (IVC) contracted by DFSD, 

reviews the remedial action activities and conducts verification 

surveys as necessary to confirm the adequacy of the remedial action 

and/or the procedures used by the PMC to certify the site's 

condition. The IVC coordinates with the PK and OR-TSD during the 

verification activity, but, is managed and contracted by DFSD to 

maintain independence and insure no conflict of interest. An interim 

verification letter is irovided by the contractor to OR-TSD and DFSD 

upon completion of the initial analysis of the remedial action at a 

specific site within four weeks after completion of the remedial 

action. The final verification report is submitted sometime 

thereafter. 
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Step 2 - Decision Point: DOE Determines If Site Conditions Meet 
Specific Criteria for the Remedial Action 

On the basis of the data provided during and after the remedial 

action by the PMC including the Post-Remedial Action Report and the 

information provided by the IVC, OR-TSD, with approval from DFSD, 

determines if the site was adequately decontaminated and meets DOE 

guidelines. This decision point ii actually a continuous- process that I - '-. 

is conducted in conjunction with the verification activity and the 

certification process steps. DOE interacts regularly with the PK and 

the IVC during the conduct of the remedial action and the". 
. . 

post-remedial action and verification reviews and surveys. This 
- _. . 

interaction is necessary to insure that any conflicts or 'discrepencies 

that are identified are expeditiously resolved; The preparation of 

the certification docket, certification statement and associated draft 

Federal Register notice is conducted during the decision process. Any 

changes required in these documents as a result of the decision are 

implemented as part of the certification process step. 

' 

. 

If the remedial action was accomplished adequately, the site 

certification process is completed. If the remedial action did not 

bring the site in compliance with criteria, DOE will determine whether 

further remedial action is needed or warranted and will provide 

appropriate direction to the PMC. 

Step 3 - Certification Process 

As soon as possible after the determination is made that the site 

will be certified (the remedial action is complete), OR-TSD provides 

the owner of the site with interim notification that the remedial 

action is complete and that a certification package is being 

prepared. In general, the notification of the concerned parties is 

the responsibility of OR-TSD as is the preparation of the 

certification statement (required to officially approve the remedial 
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action) and the draft Federal Register notice. Once approved by the 

DOE Oak Ridge Chief Counsel's 'Office and DOE Headquarters (the Office 

of Management and Administration (MA) and DFSD) the Federal Register 

notice is issued through DFSD in Washington. 

The Certification Docket (Appendix 0) is prepared by OR-TSD and 

the certification statement is signed at the Oak Ridge Field Office. " - - 

Final approval is required through DFSD. DFSD will arrange to archive 

the Certification Docket and supporting data as a permanent record of 

the DOE findings and radiological condition of the site. DFSD will' .. " " 

also have the information placed in the DOE Public Reading Room.in"' 
*. 

;:.r -.- -. - "_ 
4- -. ' "'. 

: :: 
Washington, D.C., for general availability to the public. 

Distribution of the dockets to other agencies (Federal, state, or 

local) as necessary, is made by OR-TSD. The Verification and 

Certification Protocol (Supplement No. 2 to this protocol) and 

Appendix F (Public Availability and Archiving of FUSRAP Records) 

provide additional information. 

. 
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BIBLIOGRAPHY OF DOE SUPPORTING GUIDANCE DOCUMENTS 

Formerly Utilized Sites Remedial Action Program, Designation/Elimi- 

nation Protocol--Supplement No. 1 to the FUSRAP Summary Protocol, 

November 1985. 

Formerly Utilized Sites Remedial Action Program, Verification and 

Certification Protocol--Supplement No. 2 to the FUSRAP Summary 

Protocol, January 1986. 

U.S. DOE Energy Acquisition Project Plan (ESAPP), Formerly Utilize 

MED/AEC Sites Remedial Action. Program (FUSRAP) (Revision 1), April 

1985, and subsequent revisions. 
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Department of Energy 
Washington,DC 20545 . 

046176 

JUN 2 6 1987 

Dr. Stanley Lichtman 
Office of Radiation Programs (ANR-460) 
U.S. Environmental Protection Agency 
401 M Street, S.W. 
Washington, DC. 20460 

Dear Dr. Lichtman: 

Enclosed for your information is a copy of the revised "U.S. Department of 
Energy (DOE) Guidelines for Residual Radioactive Material at Formerly 
Utilized Sites Remedial Action Program (FUSRAP) and Surplus Facilities 
Management Program (SFMP) Sites." These guidelines are used for DOE 
remedial actions and decommissioning projects conducted under FUSRAP and 
SFMP. Also enclosed is a sumnary of the changes between these guidelines - 
dated March 1987 and the previous version dated July 1985. The changes are 
primarily procedural in nature and were made to simplify field 
implementation of the guidelines. The guidelines still encompass an annual 
dose of 100 mrem as the primary dose limit and incorporate the Department's 
as low as reasonably achievable .(ALARA) philosophy through all aspects of 
the program. 

We are presently updating the manual for implementing the residual 
radioactivity guidelines and hope to have it completed later this year. In 
the interim, the Department will continue to use the September I985 version 
of the manual along with interim guidance for implementing the updated hot 
spot criteria. If you have any questions regarding these guidelines and 
their implementation, call Andrew Wallo of my staff at 301-353-5439. 

Sincerely, 

2 Enclosures 

& ‘. .a 
J;-- - *. 
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,* 4 Mcfinent 2 

Sumnary of Changes to: 
U.S. Department of Energy Guidelines for Residual Radioactive Material at 
FUSRAP and Remote SFHP Sites. 

IMTRODUCTION: 

The revised U.S. DOE Guidelines for Residual Radioactive Material at 
Formerly Utilized Sites Remedial Action Program (FUSRAP) and Remote Surplus 
Facilities Management Program JSFMP) Sites dated March 1987, comply with 
DOE's standards for protecting the public and are effectively the same as 
the previous version of the Guidelines. They are consistent with 
recommendations of the International Commission on Radiological Protection 
(ICRP) and relevant and applicable Federal/state rules or regulations. The 
Guidelines encompass: 

Basic Dose Limits to be applied to remedial action projects. 

Residual Radioactive Material Guidelines for Remedial Actions. 

--Generic and derived guidelines for concentrations of 
radionuclides in soil. 

--Hot Spot Limits for radionuclides in soil. 
--Radon in air guidelines. 
--External Gamma radiation guidelines. 
--Surface contamination guidelines for buildings and equipment. 
--Air and water guidance. 

Authorized Limits for remedial actions (Site Specific Cleanup 
Limits). 

Guidance for Control of Residual Radioactive Material. 

--Interim Storage. 
--Long-term Management. 

Provisions for Supplemental Limits and Exceptions. 

w Sources and references for guidelines. 

Differences between the March 1987, version and the previous version of the 
guidelines are generally procedural in nature or are editorial changes made 
to clarify certain aspects of the guidelines that have been misinterpreted 
inthe past. The procedural changes relate to the implementation of 
guidance for limiting hot spots and the exceptions or supplemental limit 
provisions of the document. The guidance for hot spots were modified to 
include an approach that is more conservative but can be more easily 
implemented in the field. The exceptions section of the previous version 
was changed to differentiate exceptions (deviations from the generic or 
derived gujdelines that require restrictions on site use to ensure 
compliance with DOE standards) from 
site specific generic or derivtd gui 

plmental limits (deviations from 
lnes that occur due to speci fit 

considerations and do not require restrictions on site use to ensure 
compliance with DOE standards). 

,. __ _ .~ _ - : 
_.. _.I l-._-~--.. _ ~_-~.~. _:. ~. I .-.T.c _..I '..I- .-."..;;.L'~. :-_ - - 
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0 6eneral discxsion and considerations: 

The guidelines for radionuclides in soil are generic or derived depending 
on the radionuclides of concern. For radium and Oorium, generic 
guidelines have been adopted from the EPA Standards (40 CFR 192) for 
uranium mill tailings remedial actions. These EPA standards were 
determined to be appropriate for many FUSRAP sites and are generally 
applied at sites contaminated with uranium and thorium ores or tailings. 
Conditions at the FUSRAP site are sufficiently similar to uranium mill 
tailings sites and associated vicinity properties being remediated under 
the Uranium Mill Tailings Remedial Action Program (UMTRAP) to ensure 
equivalent levels of protection. However, in the Residual Radioactive 
Material Guidelines, the Department has recognized the limitations of the 
EPA starldards for radium and thorium in soil in certain contamination 
situations. These DOE Guidelines provide specific guidance for the 
treatment of hot spots and take into account multiples or mixtures of 
radionuclides for situations when radionuclides other than or in addition 
to radium or thorium and their associated decay products are present. 
These additions effectively result in a more conservative guideline. In 
addition, the Department's guidance requires application of the As Low As 
Redsonably Achievable (ALARA) philosophy in the field which may be applied 
but is not required under the UMTRA standards. 

In other areas as with soil contamination, the guidelines are consistent 
with UMTRAP and other EPA standards; however, the use of UMTRAP standards 
is not defacto. Care is taken to ensure appropriate application of 
standards or limits. Dose evaluations and engineering alternative analyses 
are applied to storage and disposal sites. In general, materials of higher 
concentrations are provided greater isolation as required to ensure the 
dose standards and other appropriate limits are consistently achieved. 
Similarly, application of the exceptions provisions of the DOE Guidelines 
require equal and in some cases more detailed analysis and evaluation than 
is required for UMTRAP Sites under EPA Standards. In order to obtain 
approval for a specific exception or supplemental limit, dose evaluations, 
assessments of potential impacts, and/or cost-benefit analyses are 
required. These analyses must go through a formal approval procedure which 
include multiple reviews to by DOE field offices and headquarters ensure 
that the public and environment are adequately protected. * 

The derived limits established via procedures described in the Guidelines 
and supporting material comply with DOE Standards for protecting the public 
and are consistent with ICRP guidance which is generally being applied to 
most areas of radiation protection. ICRP states that the lifetime dose to 
a member of the general public should correspond to a maximum 100 mrem/year 
limit of life-long whole body exposure from all sources, excluding 
background and medical related doses. ICRP-26 indicates that in most cases 
that limit can be achieved by application of the 500 mrem/year dose limit. 
The report suggests that the application of the 500 mrem/year limit is 
likely to produce dose equivalents of less than 50 mrem/year. The report 
also indicates that maximizing assumptions usually made in selecting the 
critical groups result in actual doses to the most highly exposed 
individuals of values less than that postulated. 

f 
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The Department", Guidelines use the 100 mrem/year value as a limit for life 
time exposure {instead of the 500 mrem/year limit) and derive allowable 
concentrations postulating worse case plausible use scenarios. In general, 
while plausible, these scenarios are highly unlikely and actual or likely 
use scenarios would produce potential doses much less than 100 mrem/year, 
probably on the order of a few mrem/year. As the intent of the ICRP 
guidance is to ensure that actual doses to the general public do not exceed 
100 mrem/year over a lifetime and not to limit potential worst case doses, 
the Department's Guidelines clearly achieve this goal. The application of 
ALARA to the Guidelines, reduce exposures to levels that are still further 
below the postulated limit. 

In summary, the DOE Guidelines represent implementable limits for residual 
radioactivity in the environment that comply with DOE Standards for 
protecting the public, meet the intent of ICRP guidance, and are consistent 
with existing guidelines and standards. The DOE Guidelines for residual 
radioactive material also conform to the DOE policy for implementing 
radiation protection activities in a manner that is as low as reasonably 
achievable. 

Major Changes: 

As indicated previously the primary changes to the Guidelines occurred in 
two areas. These changes are outlined below. 

Hot Spot Criteria: 

The July 1985 version of the Departments residual radioactive material 
guidelines required that "guidelines for local concentrations" be applied 
to all areas less than 30 square meters found to exceed an authorized limit 
or guideline for a 100 square meter area by a factor of 3 or greater. The 
factor of 3 requirement was not a clean-up limit, but rather a screening or 
action level. Basically, specific dose calculations were required for each 
area less than 30 square meters if the area exceeded 3 times the 100 square 
meter soil concentration guideline or limit. These calculations were found 
to be impractical for field application due to the requirement to perform 
dose calculations in the field. 

In addition, analysis of the'screening value (factor of 3) indicated there 
was a remote possibility that that value would not provide adequate 
protection of the general public for certain radionuclides for areas of 
contamination exceeding about 15 square meters. As a result the Department 
established a working group whose purpose was to develop hot spot criteria 
that would: 

Protect the public and environment. 

Be consistent with the guidelines. 

Facilitate field implementation. 

The working group recomnended tha~t the hot spot criteria be defined as a 
i --multiple-of the soil guidelines or authorized limits which represent the 

general soil concentration for radionuclides permitted over a 100 square -- -. 
; .T- -:.- .; ,LX .~<yv+-~f<g .% 
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meter area, an+ that the factor be the squareroot of (100/A) where A is the 
area of the hot spot. This factor was applied to several typical 
radionuclldes found at OOE remedial action sites including selected alpha, 
beta, and garmna emnitters usjng the dose estimat!ng Rxthodology provided in 
the procedures manual, the "supplement" to the Guidelines. The assessment 
indicated that the (lOO/Ah factor is sufficiently conservative to ensure 
the basic 100 mrem/year dose limit is maintained. For field application, 
the working group recommended that the hot spot limit be implemented in 
four discrete steps as shown in the attached table. The use of discrete 
steps adds further conservatism to the approach as well as simplifying 
field application. The attached table provides a surmnary of the working 
groups recommendations for the criteria and its implementation. 
Theoretically, the (100/A)+ limit could allow very small areas of 
contamination to have high concentrations of radionuclides. While this 
does not, in general, pose a problem to most DOE remedial action sites due 
to the nature of the residues and DOE's ALARA philosophy, a maximum factor 
of 30 times the authorized limit was established as limit for small areas 
of contamination. 

On December 2, 1986, the Department approved the revised hot spot criteria 
and directed that it be incorporated in the FUSRAP and SFMP Guidelines for 
residual radioactivity. The revised guidelines adopted this procedure, but 
also allow for the use of the specific dose calculations where it is 
appropriate. 

Supplemental Limits and Exceptions: 

The intent and mechanism for applying the exceptions provisions of the 
previous guidelines were in some cases confusing. The revision of this 
section and the separation of exception provisions into two categories 
exceptions (areas requiring controlled or restricted use to comply with the 
100 mrem/year dose limit) and supplemental limits (for areas requiring no 
restrictions to comply with the dose limit) were done in an attempt to 
clarify the process. The revision stresses the following points: 

-Exceptions or supplemental limits are generally for use at a portion 
of a site or vicinity property where specific circumstances dictate 
the guidelines or authorized limit established for the entire site and 
vicinity properties are not appropriate for the specific area of 
concern. 

-Every effort should be made to minimize the use of exceptions or 
supplemental limits. 

-Supplemental limits must be justified on a case-by-case basis using 
site specific data and must consider ALARA policy. 
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APPLIcAIIoH OF HOT SPOT cumzLI,IOE 

The rathod for determining Hot Spot Units, which is basad on the 
100 mrem/year Dose Limit, as describrd in the RJSRAP procedures 
manual, shall still be applicable for detawining allowable concen- 
tratlonr of radionuclidos undar inhomogeneour soil contamination 
condltlona. However, the folloving approach, mm appropriate for 
field applications, my be used in place of the Dose Limit method 
and is recommended for general applications. 

For the alternative approach, the basic Hot Spot Limits will be 
calculated for each specific site by (see attached figure): 

-g - sg * (100 l&x)1/2 

where, Shg = the Hot Spot TLlmit (pCi/grafa) 
Sg - the Authorized Limit for a specific site 

bWg-0 
A - the area of the hot spot in square meters 
(100/A)1/2 it the hot spot multiplication factor. 

The limits shall be applied in the field over ranges of arta with 
the factors being constant over a given area. 
tors to be used are: 

The ranges and fac- 

Ranne Factor (Hultiple of Authorized Limit) 

<I a? 
l- <3 a? 

.?o+ 

3 - a0 n? 4 
10 - 25 m2 2 

*Areas less than one square meter are to be averaged over the one 
square Peter and that average shall not l ?ceed ten times the 
Authorltrd Limit. 

Tha avarage Authorized Llmlt is considered adequate to protact the 
public for l raas largar than 25 rquaro meterr; harm, no wclal 
Hot Spot LimIta arm raquirad for areas larger than 25 8-e 
metar. 

Averaging of hot apots lass than or aqua1 to 2S square maters &all 
ba done only ovar tha local hot apot arma. 

Every roaronablo effort ahall be ma& to identify and raaova any 
l ourca which has a concentration of a radlomxllde l xceadfng 30 
times tha Authorized Unit irrenpsctlw of area. 

..-. 
._ . ^. . - - - ., _.” -i i,-.--- .--I. ; --,~-I- ‘L.: 

_~ - -- _ -->. ~.~ ;~ 
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U.S. DEPARTHENT IZF ENERGY GUIDELINES 

FOR RESIDUAL RAPIOACTIVE MATERIAL AT 

FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM 

AND 

REMOTE SURPLUS FACILITIES MANAGEMENT PROGRAM SITES 

(Revision 2, March 1987) 

A. INTRODUCTION 

This document presents U.S. Department of Energy (DOE) 

radiological protection guidelines for cleanup of residual radioactive 

materials and management of the resulting wastes and residues. It is 

applicable to sites identified by the Formerly Utilized Sites Remedial 

Action'Program (FUSRAP) and remote sites identified by the Surplus 

Facilities Management Program (SFHP).* The topics covered are basic 

dose limits, guidelines and authorized limits,for allowable levels of 

residual radioactive material, and requirements for control of the 

radioactive wastes and residues. 

Protocols for identification, characterization, and designation of 

FUSRAF sites for remedial action; ior im+lesientati& of the remedfal 

action; and for certification of a FUSRAP site for release for 

unrestricted use are given in a separate document (U.S. Department of 

Energy 1986) and subsequent guidance. More detailed information on 

applications of the guidelines presented herein, including procedures 

* A remote SFf-iP site is one that is excess to DOE programmatic neeos an6 
is located outside a major operating DOE research and development or 
production area. 



describe radioactive materials der 

which the Department of Energy has 

to limit the levels of radioactive 

environment are provided for: (1) 

"Residual radioactive material" is used in these guidelines to 

ived from operations or sites over 

authority. Guidelines or guidance 

material to protect the public and 

residual concentrations of 

e%ym 
for derivlz;'*a* ,.&-specific guidelines for allowable levels of residual 

radioactive material from basic dose limits, is contained in "A Hanual 

for Implementing Residual Radioactive Material Guidelines" (U.S. 

Department of Energy 1987) referred to herein as the "supplement". 

radionuclides in soil material, (2) concentrations of airborne radon 

decay products, (3) external gamma radiation level, (4) surface 

contamination levels, and (5) radionuclide concentrations in air or 

water resulting from or associated with any of the abcve. 

A "basic dose limit" is a prescribed standard from which limits 

for quantities that can be monitored and controlled are derived; it is 

specified in terms of the effective dose equivalent as defined by the 

International Commission on Radiological Protecticn (ICRP 1977, 

19781. The basic dose limits are used for deriving guidelines for 

residual concentrations of radionuclides in soil material. Guidelines 

for residual concentrations of thorium and radium in soil, 

concentrations of airborne radon decay products, ailotiable indoor 

external gamma radiation 'levels, and residual surface contaninztion 

concentrations are based on existing radiological protection standaras 

or guidelines (U.S. Environmental Protection Agency1983; U.S. Nuclear 

Regulatory Commission 1982; and Departmental Orders). Derivea 

guidelines or limits based on the basic dose limits fcr those 

quantities are only used when the guiaelines proviara in the existing 

standards cited above are shown to be inappropriate. 

A "guideline" for residual radioactive material is a level of 

radioactivity or of the radioactive materi'al that is acceptable if the 

use of the site is to be unrestricted. Guidelines for resi\'ual 

radioactive material presented herein are of two kinds: (J) generic, 
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site-Independent guidelfnes taken from existfng radiation protection 

standards, and (2) site-specific guide lines deri ved from basic dose limits 

using sfte-specific models and data. Generic guideline values are presentea 

in this document. Procedures and data for derfving site-specific guideline 

values are given in the s!Ippiement. The basis for the guidelines is 

generally a presumed worst case plausible scenario for a site. 

An “Authorized Limit" ~;:1 a Tevel of,residual radioactive material or 

radioactivity that must not be exceeded if the remedial action is to be 

considered completed and the site is to be released for unrestricted use. 

The Authorized Limit for a site will include limits for each radionuclide or 

group of radionuclides, as appropriate , associated with the residual 

radioactive material in the soil or in surface contamination of structures 

and equipment, and in the air or water, and, where appropriate, a limit on 

external gamma radiation resulting from the residual material. Under normal 

circumstances, expected to occur at most sites, Authorized Limits fo* 

residual radioactive material or radioactivity are set equal to guideline 

values. Exceptional conditions for which Authorizea Limits might differ 

from guideline values are specified in Sections D ana F. A site may be 

released for,unrestricted use only if the conditions do not exceed the 

Authorized Limits or approved supplemental limits as defined in Section F.1 

at the time remedial action is completed. Restrictions and controfs on use 

of the site must be es'iab'lished and enforced if tht: site conditions exceed 

the approved li~,its, or if there is potent';al to exceed the dose lir,tit if 

the site use was *not restricted (Section F.2). The applicable controls and 

restrictions are specified in Section E. 

DOE policy requires that all exposures to radiation be limited to levels 

that are as law as reasonably achievable (ALARA). For sites to be reieasea 

for unrestricted use, the intent is to reduce residual radioactive material 

to levels that are as far below Authorizea Limits as reascjnable considering 

technical, economic, and social factors. At sites where the residual 

material is not redUCed to levels that permit release for unrestricted use, 

ALARA policy is implemented by establishing controls to redu.:e exposure to 

levels that are as low as reasonably achievable. Prcceaures for 

implementing ALARA policy are discussed in the supplement. ALARA policies, 
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procedures,'and actions shall be documented and filed as a permanent recora 

upon completion of remedial action at a site. 

The basic dose limit for the annual radiation dose received by an 

individual member of the generai public is 100 mrem/year. The internal 

committed effective dose equivalent, as defined in ICRP Publication 26 (ICRP 

1977) and calculated by dosimetry models described in ICRP Publication 30 

(ICRP 19781, plus dose from penetrating radiation sources external to the 

body shall be used for determining the dose. This dose shall be described 

as the “Effective Dose Equivalent”. Every effort shall be made to ensure 

that actual doses to the public are as far below the dose limit as is 

reasonably achievable. 

Under unusual circumstances it will be pernlissible to allow potential 

doses to exceed 100 mren/year where such exposures are based upon scenarios 

which do not persist for long periods and where the annual life time 

exposure to an individual from the subject residual radioactive material 

would be expected to be less than 100 mrenrlyear. Examples of such 

situations include conditions that might exist at a site scheduled for 

remediation in the near future or a possible, but improbable, one-time 

scenaric that might occur following remedial action.. These led?Is should 

represent doses that are as low as reasonably achievable for the site. 

Further, no annual exposure should exceed 500 mrem. 

C. GUIDELINES FOR RESIDUAL RADIOACTIVE MATERIAL 

C.1 Residual Radionuclides in Soil 

Residual concentrations of radionuclides in soil shall be specified as 

above-background concentrations averaged over an area of 100 sq meters. 

Generic guidelines for thorium and radium are specified below, Guidelines 

for residual concentrations of other radionuclides shall be derived from the 

basic dose limits by means of an environmental pathway analysis using 
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site-specfffc data where available. Procedures for these derjvntions are 

gfven in the supplement. 

If the average concentration in any surface or below surface area less 

than or equal to 25 sq meters exceeds the Authorized Limit or guideline by a 

factor of (100/A)"* , where A is the area of the elevated region in square 

meters, limits for "Hot Spots" shall also be applicable. These Hot Spot 

Limits depend on the extent of the elevated local concentrations and are 

given in the supplement. In addition, every reasonable effort shall be made . 

to remove any source of radionuclide that exceeds 30 times the appropriate 

soil limit irrespective of the average concentration in the soil. 

Two types of guide,lines are provided, generic and derived. The generic 

guidelines for residual concentrations of the Ra-226, Ra-228, Th-230, and 

Th-232 are: 

- 5 pCi/g, averaged over the first-15 cm of soil below the sllrface 

- 15 pCi/g, averaged over 15-cm-thick 'layers of soil more than 15 

cm below the surface 

These guidelines take into account ingrowth of Ra-226 from Th-230 and of 

Ra-228 from Th-232, and assume secular equilibrium. If either Th-230 and 
I Ra-226 or Th-232 and l<a"22g ar? both present, not in secular equilibrium, 

the appropriate guideline is appJied as a limit to the radionuclide with 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 exceeci the basic dose limit, or 2) the sum of 

the ratios of the soil concentration of each radionuclide to the allowable 

limit for that radionuc?ide will not exceed 7 ("unity"). Explicit formulas 

for calculating residual concentration guidelines for mixtures are given in 

the supplement. 

C.2 Airborne Radon Decay Products 

Generic guidelines for concentrations of airborne rafloii decay products' 

shalJ apply to existing occupied or habitable structures on private property 
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that ure fntendad fcr unrestricted use; structures that will be denro?fshed 

or burfed are excluded. The appli’cable generic guideline (40 CFR 192) is: 

Xn any occupied or habitable bulidfng, the objective of remedfa? action 

shall be, and a reasonable effort shall be made to achieve, an annual 

average (or equivalent) radon decay product concentration (including 

background) not to exceed 0.02 WL.* In any case, the radon decay product 

concentration (including.badkground] shall not exceed 0.03 WF, Remedial 

actions by DOE are not required in order to comply with this guideline when 

there is reasonable assurance that residual radioactive materials are not 

the cause. 

C.3 Exter%?‘Gamnra Radiation 

The average level of gamma radiation inside a building or habitable 

structure on a site to be released for unrestricted use shall not exceed.the 

background leve? by more than 20nR/h and shaJ1 comply with the basic dOSe 

limit when an appropriate use scenario is considered. This requireme:,t .. .‘2 
shall not necessari?y apply to structures scheduled for demolition or to 

buried foundations. External gamma radiation levels on open ‘lands sha?? 

also comply with the basic dose limit considering an appropriate use 

scenario for the area. 

C.4 Surface contaminaeion 

The generic guidelines provided in the Table 1, Surface Contamination 

Guidelines are applicable to existing structures and equipment. These 

guidelines are adapted from standards of the U.S. Nuclear Regulatory 

* A working level (WL) is any combination of short-lived radon decay 
products in one liter of air that will result in the ultimate emission 
of 1.3 x 105 MeV of potential alpha energy. 
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TABLE 1 SURFACE CONTAMINATION GUIDELINES 

Allowable Total Residual Surface 

Contamination (dpm/lOO cm') 1 

Radionuclides * Average 3, 4 Naximum 4, 5 Removable 4, 6 

Transuranics, Ra-2::I, Ra-226, Th-230 
Th-228, Pa-231, AC-227, !-125, I-?29 100 300 2tJ * 

Th-Natural, Th-232, Sr-30, Ra-223, 
Ra-224, U-232, 1-126, 1-131, 1-733 7 ,coo 3,OGiJ 200 

U-Natural, U-235, U-238, and 
associated decay products 5,000 a 15,000 a 1,000 a 

Beta-gamma emitters (radionuclides 
with decay modes other than alpha 
emission or spontaneous fission) 
except Sr-90 and others noted above 5,000 B-Y 15,000 B-Y 1,000 B-Y 

1 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. 

2 Where surface contamination by both alpha- and beta-gamma-emitting 
radionuclides exists, the limits established for alpha- and 
beta-gamma-emitting radionurlides should apply inciependert?). 

Measurements of average contamination should not be averagea over 
an area of more than 1 m2. For objects of less surface area, the 
average should be derived for each such object. 

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 mraa/h, respectively, at 1 cm. 

The na~imum,contamination level applies to an area of not more than 
100 cm . 

The amount of removable radioactive material per 100 cm2 of 
surface area should be determined by wiping that area with dry 
filter or soft absorbent paper, applying moderate pressure, and 
measuring the amount of radioactive material on the wipe with an 
appropriate instrument of known efficiency. When removab e 
contamination on objects of surface area less than 100 cm h is 
determined, the activity per unit area should be based on the 
actual area and the entire surface should be wiped. 7he numbers in 
this column are maximum amounts. 

3. 

4 
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Comnfssion (?982)* and will be applfed in a manner that provfdes a level of 

protectfon consfstent wfth the Commfssfon's gufdance. These lfmfts apply to 

both fnterfor and exterfor surfaces. They are not directly intended for use 

on structures to be demolished or buried, but, should be applied to 

equipment or bufldfnq components that are potentially salvageable or 

recoverable scrap. If a buflding is demolished, the guidelines in Section 

. C.l are applicable to the resulting contamination in the ground. 

C.5 Residual Radionuclides in Air and Mater 

Residua? concentrations of radionuclides in air and water shall be 

controlled to levels required by DOE Environmental Protection Guiaance and 

Orders, specifically DOE Order 548D.lA and subsequent guidance. Other 

*Federal and/or state standards shall apply when. they-are determined to be 

appropriate. 

D. AUTHORIZED LIMITS FOR RESIDUAL RADIOACTIVE MTE;IIAL 

The Authorized Limits shall be established to: 1) ensure that, as a 

minimum, the Dose Limits specified in Section B will not be exceeded under 

the worst case plausible use scenario consistent with the proceaures and 

guidance provided, or 2) where applicable generic guidelines are provided, 

be consGstent with 5ucIl guid&lines. The Authorizeu Limits for aach site ant 

vicinity properties shall be set equal to the generic or derived guidelines 

except where it can be clearly established on the basis of site specific 

data, including health, safety and socioeconomic considerations, that the 

guidelines are not appropriate for use at the specific site. Consideration 

* These guide'lines are functionally equivalent to Section 4 - 
Decontamination for Release for Unrestrictea Use of hRC Regulatory Guide 
1.86, but are app'iicable to Non-Reactor facilities. 
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should also bt? given to emure that the limits comply with or provfae an 

equivalent level of protectfon as other appropriate linfts ayd gufdelfnes 

tf.e., state, or other Federal). Documentatfon supporting such a decision 

should be similar to that required for supplemental limits and exceptions 

. (Section F), but should be generally more detailea because it covers an 

entire site. 
- ,. 

Remedial actions shall not be considered complete unless the residual 

radioactive material levels compJy with the Authorized Limits. The only 
exception to this requirement will be for those special situations where the 

supplemental limits or exceptions ar e applicable and approved as specified 

in Section F. However, the use of supplemental limits and exceptions should 

only be considered if it is clearfy demonstrated that it is not reasonable 

to decontaminate the area to the Authorized Limit or guideline value. The 

Authorized limits are developed through the project offices in the field 

(Oak Ridge Technical Services Division for FUSRAP) and approved by the 

headquarters program office (the Division of Facility and Site 

Decommissioning Projects). 

E. CONTROL OF RESIDUAL RADIOACTIVE MATERIAL AT FUSKAP AND REFJOTE SFMP SITES 

Residual radioactive material above the guidelines at F&RAP ana remote 

SFKP SOLES must be r,,aridged in accordance with appJiccb3e ME OrJ?1's. The 
DDE Order 5480.JA and subsequent guidance or superceding orders require 

compliance with applicable Federal , and state environmental protection 

standards, . 

The operational and control requirements specifies in the following DCJE 

Orders shall apply to interim storage, interim management, and long-term 

management. 

a. 544O.lC, Iriiplementation of the National Environmental Policy Act 

b. 5480.1A, Environmental Protection, Safety, and Health Protection 
Program for DOE Operations as revised by GOE 5480.1 change oraers 
and the 5 August 1985 memorandum from Vaughan to Di:tribution 

C. 5480.2, Hazardous and Raaioactive Mixed Chaste Hanagemer,t 
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d. 

e. 

f. 

99 

h. 

i. 

54iO.4, Envfronmental Protectfon, Safety, and Health Protection 
Standards , 

5482.lA, Envfronmental Safety, and Health Appraisal Program 

5483.?A, OccupatIonal Safety and Health Program for 
Government-Owned Contractor-Operated Facilities 

5484.7, En!ironmentaJ Protection, Safety, and HeaJth Protection 
Information Reporting Requirements 

5000.3, Unusual Occurrence Reporting System 

5820.2, Radioactive lilaste Management 

E.7 Interim Storage 

a. Control and stabilization features shall be designed to ensure, to 

the extent reasonabfy achievable, an effective life of 50 years 

and, in any case , at least 25 years. 

b. Above-background Rn-222 concentrations in the atmosphere above 

facility surfaces or openings shall not exceed: (7) 100 pCi/L at 

any given point, (2) an annual average concentration of 30 &i/L 

over the facility site, and (3) an annual average concentration of 

3 pCi/L at or above any location outside the facility site (DOE 

Order 548O.lA, Attachment XI-l). 

C. Concentrations of radionuclides in the groundwater or quantities of 

residual radioactive materials shall not exceed existing Federal, 

or state standards. 

d. Access to a site shall be controlled and m/sue of onsite materi.al 

contaminated by residual radioactive material shall be prevented 

through appropriate administ,rative controls and physical 

barriers--active and passive controls as described by the U.S. 

Environmental Protection Agency (1983--p. 595). These control 

features should be designea to ensure, to the extent reasonable, an 

effective life of at least 25 years. The Federal government shall 

have title to the property or shall have a long-term lease for 

exclusive u;e. 

10 



E.2 Interfm Management 

a. A site may be released under fnterim management when the residual 

radIoactive material exceeds guideline values if the residual 

radioactfve material is in inaccessible locations and would be 

unreasonably costly to remove, provided that administrative . 
controls are established’to ensure that no member of the public 

shall receive a radiation dose exceeding the basic dose limit. 

b. The administrative controls, as approved by DGE, shall i’nclude but 

not be limited to periodic monitoring as appropriate, appropriate 

shielding, physical barriers to prevent access, and appropriate 

radiological safety measures during maintenance, renovation, 

‘demolition, or other’activities that might disturb the residual 

radioactivity or cause it to migrate. 

C. The owner of the site or appropriate Federa?, state, or focal 

authorities shall be responsible for enforcing the administrative 

contro’ls. 

E. 3 Long-Term Management 

Uranium, Thorium, and Their Decay Products 

a. Control and stabilization features shall be designed to ensure, to 

the extent reasonably achievable, an effective life of 1,000 years 

and, in any case, at least 200 years. 

b. Control and stabilization features shall be designed to ensure that 

Rn-222 emanation to the atmosphere from the waste shall not: (1) 

exceed an annual average’release rate of 20 pCi/rn*/s, ana (2) 

increase the annual average Rn-222 concentration at or above any 

location outside the boundary of the contaminated area by more than 

0.5 pCi/L. Field verification of emanation rates is not requirea. 
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c. Prior to placement of any potentially bfocegradable contamin;ted 

wastes in a long-term ,:.anagement facility, such wastes shall be 

properly conditioned to ensure that (1) the generation'and escape 

of biogenic gases will not cause the requirement in paragraph b. of 

this section (E.3) to be exceeded, and (2) biodegradation within 

the facility will not result in premature structural failure in 

violation of the,requirements in paragraph a. of this section IE.3). 

. d. Groundwater shall be protected in accordance with Appropriate 

Departmental orders and Federa? and state standards, as applicable 

to FUSRAP and remote SFHP sites, 

e, Access to a site shou>d be controlled and misuse of onsite material . 9 
cont&inated by residual radioactive material should be prevented 

through appropriate administrative controls and physical 

barriers--active and passive controls as described by the U S. 

Environmental Protection Agency (1983--p. 595). These controls 

should be designed to be effective to the extent reasonable for at 

?east 200 years. The Federal government shall have title to the 

property. 

Other Radionuclides -- 

f. Long-term management of other radionuclides shall be in accordance 

with Chapters 2, 3, and 5 of DOE Order 5820.2, as applicable. 
. 

F. SUPPLEf4ENTAL LIIlITS AND EXCEPTIONS 

If special site specific circumstances indicate that the guidelines or 

Authorized Limits established for a given site are not appropriate for a 

portion of that site or a vicinity property, then the field office may 

request that supplemental limits or an exception be applied, In either 

case, the field must justify that the subject guidelines or Authorized 

Limits are not appropriate and that the alternative action will provide 

adequate protection giving due consideration to health and safety, 
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environment and costs. The field offke shall obtain approval for speciffc 

supplemental limits or exception:: from headquarters as specified in Section 

D of these guidelines and shall provide to headquarters those materials 

requfred for the justification as specified in this section and in the 

FUSRAP and SFNP protocols and subsequent guidance documents. The field 

office shall also be responsible for coordination with the state or local 

government of the limits or exceptions and associated restrictions as 

appropriate. In the case of exceptions, the field office shall also work 

with the state and/or local governments to insure that restrictions or 

conditions of release are adequate and mechanisms are in pJace for their 

enforcement. 

Fl. Supplemental Limits 

The supplemental limits must achieve the basic dose limits set forth in 

this guideline document for both current and potential unrestricted u:es of 

the site and/or vicinity property, Supplfmenta? limits may be applied to a 

property or portion of a property or site if, on the basis of a site 

specific analysis, it is determined that certain aspects of the property or 

portion of the site were not cons'idered in the development of the 

established Authorized Limits and associated guidelines for the site, and as 

a result of these unique characteristics, the established limits or 

guidelines either do not provide adequate protection or are unnecessarily' 

restrictive and costly. 

F2. Exceptions 
. 

Exceptions to the Authorized Limits defined for unrestrictea use of the 

site may be applied to a portion of a site or a vicinity property when it is 

established that the Authorized Limits cannot be achievea and restrictions 

on use of the site or vicinity property are necessary to provide adequate 

protection of the public and environment. The field cffice must clearly 

demonstrate that the exception is necessary, and the restrictions will 

provide the necessary degree of protection and that they compJy with the 

requirements for control of residual radioactive material as set forth in 

Part E of these guideJines. 
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F3..&stificatfon for Supplementa? Limits and Exceptions 

Supplemental limits and exceptions must be justified by the field office 

on a case by case basis using site specific data. Every effort should be 

made to minimize the use of the supplemental limits and exceptions. 

Examples of specific situations that warrant the use of supplemental 

standards and exceptions are: 

a. Where remedia'i actions would':'@ose a c?ear and present risk of 

injury to workers or members of the general public, notwithstanding 

reasonable measures to avoid or reduce risk. 

b. Where remedial actions--even after al? reasonab'ie mitigative 

measures have been taken--wou?d produce.enVironmental harm that is 

clearly excessive compared to the health benefits to persons living 

on or near affected sites, now or in the future. A clear excess of 
environmental harm is harm that is long-term, manifest, and grossly 

disproportionate to hea?th benefits that can reasonably be 

anticipated. 

C. Where it is clear that the scenarios or assumptions used to 

establish the Authorized Limits do not under plausible current or 

future conditions, apply to the property or portion ot the site 

identified and where more appropriate scenarios or assumptions 

indicate that other limits are applicable or necessary for 

protection of the pub?ic and the environment. 

d. Where the cost of remedial actions for contaminated soi? is 

unreasonably high relative to long-term benef:'ts and where the 

residual radioactive materia?s do not pose a clear present or 

future risk after taking necessary control measures. The 

likelihood that bui7dings wi7? be erected or that people wi?l spend 

long periods of time at such a site should be considered in 

be 

ive necessary where only mint. quantjties of res 

evaluating this risk. Remeaia? actions will genera?ly not 

idual radioact 
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materfals are involved 0;’ where residual radjoactive mdterjals 

occur in an Inaccessibid location at which site-specific factors 

14mit their hazard gnd from which they are costly or difficult to 

remove. Examples are residual radioactive materials under 

hard-surface public roads and sidewa7ks, around public sewer Jines, 

or in fence-post foundations. A site-specific analysis must be 

provided to establish that it would not cause an individua? to 

receive a radiation dose in excess of the basic dose ‘limits statea 

in Section B, and a statement specifying the residua? radioactive 

material must be included in the appropriate state and local 

records. 

e. Where there is no feasible remedial action. . - 
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G. SOURCES 

lfmft or Gufdetine Source 

Basic Dose Limits 

Dosimetry Model and Dose Limits International Commission on 
Radiological Protection (7977, 1978) 

Generic Guidelines for Residual Radioactivity 

Residual Concentrations of Radium 40 CFR 192 
and Thorium in Sail Material 

Airborne Radon Decay Products 

External Gamma Radiation 

40 CFR 792 

40 CFR 792 

Surface Contamination Adapted from U.S. Nuclear Regulatory 
Commission (7982) 

Contro7 of Radioactive Wastes and Residues 

Interim Storage DOE Grder 548Cl.lA and subsequent 
guidance 

Long-Jerm Management DOE Order 548O.lA and subsequent 
guidance; 40 CFR 792; DOE order 582G.2 
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APPENDIX C. DOE FUSRAP PROCEDURE 

FOR ASSIGNING SITE PRIORITIES 

The assessment of potential health effects and the ranking of 

contaminated sites are complex and must take into account many 

influencing factors. The major hazard due to radiological 

contaminants is their potential to increase either the long'or short 

term risk of cancer. The nature of these contaminants must be clearly 

defined. Furthermore, the risk from all pathways to an exposed 

individual or population group, as well as such exposure parameters as 

occupancy factors associated with the contaminated living or working: 

areas and the population density around a contaminated site must be 

evaluated. Potential for migration of contaminants to the surrounding 

environs either through the air, water, soil, and the ecosystem and 

ultimately to man is of major importance. 

Analyses to date have identified no site under current use 

conditions where there is an immediate health hazard; however, over 

the long term, the potential for accumulated exposure and unacceptable 

increases in risk do exist. (a> It should be noted, however, that 

dose and risk estimates completed as part of the assigning of 

priorities procedure are not absolute estimates. These estimates are 

(a) An unacceptable increase has been tentatively defined as an annual 
increased risk of getting a fatal cancer in excess of 5 chances in 
100,000 per year of exposure. The values represent the 
approximate increase in risk of contracting a fatal cancer as a 
result of continuous exposure to the recommended guidelines (500 
mrem/y) value for short term exposure (DOE-85) using a dose risk 
conversion factor of 10m7 effects/mrem of dose (ICRP-26). 
Because this procedure assumes risk to be proportional to dose, 
the equivalent whole body dose calculatedlas the sum of weighted 
internal and external doses (recommendation ICRP-26) can be 
directly compared to the 500 mrem limit to determine a priority. 
The short term guideline is appropriate rather than the long term 
guideline of 100 mrem/year*because the implementation of remedial 
actions to remove material causing the potential exposures are 
expected to begin in a short period (about 5 years or less 
following designation). 
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relative comparisons of the potential for exposure at the specific . 
sites and are intended to be compared to. estimates at other designated 

sites for the purpose of assigning a remedial action priority. The 

health effects or dose estimates are not intended or necessarily 

applicable for other uses. 

The Department is using a three-category system for ranking 

contaminated sites based on health effects (see Figure C-l). The 

categories are: 

High o Ranking a site as a high priority.indicates that the 
S 

site is contaminated above guideli-nes;-'and 

. 

- there is 'potential for individuals at a site under 

present use conditions to receive an unacceptable 

increase in cancer risk, Ia) or 

- there is significant potential for a larger group 

of individuals not directly associated with a site 

to be exposed to levels of radiation that could 

increase the number of expected cancers to an 
(b) unacceptable level, or 

(a)See, Note (a) on previous page 

(b) An unacceptable increase to a group of individuals has been 
tentatively defined as an annual increased risk of getting a fatal 
cancer in excess of 1 in 100,000. This value, as the.similar one 
defined for individual risk, is preliminary; it is based on the 
increased risk that would occur if a group of persons were exposed 
to the standard for large groups (100 mrem/y, FRC* 1960) over 
their entire lives. This is the approximate annual risk estimated 
usi 
10' 9 

g the 100 mremly standard and a dose risk conversion factor of 
effects/mrem of dose from ICRP-26. Because the procedure 

assumes risk to be proportional to dose, the equivalent whole body 
dose calculated as recommended in ICRP-26 (the sum of weight 
internal and external doses) can be directly compared to the 170 
mrem dose limit to determine priorities. 

*Recommendations of the Federal Radiation Counsel. 
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+.I No Are Current Guldehnes or Standards Exceeded At 
This Site Due To The Presence Of Residual I 
Radiological Material? 

Is There Any Immediate Health Hazard At The Site yea High Priority 
Resulting From The Presence of Residual Radio- ,’ Site Requiring . 
Active Material? Interim Control 

Under Present Usa Scenario 
l Can individuals exposed to the 

contamination receive doses such that 
risk of fatal cancer will be increased by 5 
chances in loO,wO?f*) 

l Can the general public IT) receive dose 
such that the ennual risk of fatal cancer 
wfll be increwud by 1 chance in 100.DM)7ff) 

l Thoro is the possibilii of extensive 
migtetion of contaminants. 

The Potential Use Scenario 
l Is there o possibility of individuals at the 

SitE boii exposed to mdiitlon lwsh 
that will increase risk of fatal cancer by 
5 chances in l.@X per year? 

l la there a possibility of the general 
public receiving doses such that the risk 
of fatal cancer will increase by 1 chance 
in 1,ooO.tlOtl? 

l There is the possibility of extensive 
migration of contaminants. 

I 

t 

No To AP 

Yes High Priority ‘- 

To Anv 
Site’ 

YW ~ Medium Priorby, 

To Any 
Site 

I Are There Any Special Circumstances That 
Require This Site Be Considered For High Or Low Priority 

Medium Priority7 Site 

Evaluate And Rank Aa Appropriate And 
Designate For Remedial Action 

Implements Remedial Action Or 
Necessary Controls 

Figure C-l. DOE Prioritization Procedure 
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- .there,is extensive migration or there is 
. significant potential for extensive migration of 

the contamination into the surrounding environs. 

Medium o Ranking a site as medium priority indicates the site is 

contaminated above guidelines, and 

- there is no immediate hazard to individuals at a 

site under current use conditions, but there.is 

potential (due to possible change in use or ; .i. 

occupancy) for individuals to be exposed to levels 

of radiation that may increasethe.risk of cancer 

above an acceptable level, (a) or 

- there is potential for a site to be exposed to 

levels of radiation that could increase the number 

of cancers to an unacceptable level (b) if the 

present use conditions of the site were to change, 

or 

- there is a moderate possibility that contamination 

may migrate offsite and result in exposure to 

individuals around the site. 

o Ranking a site as low priority indicates that the 

site is contaminated above guidelines; however, 

- the exposure level is very close to the level 

where no discernible increase in cancer risk to 

individuals under current or near term (10 year 

period) future use of the site is expected, or 
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- there is no foreseeable chance of the surrounding 

-population being exposed to levels of radiation a 
that would increase their risk of cancer, or 

- there is little or no chance of, or little 

significance in, migration of contamination from 

the site. 
,,: ,. 

Dose/Health effects based priorities are only one factor in 

determining a sites remedial action priority. Other factors 

(discussed in the text of the protocol) will be assessed by the OR/TSD 

and DFSD after designation and are used along with health effects 

priorities to provide the overall remedial action priorities. It is 

also important to note that the dose/health effects calculations are 

used in determining priorities but designations are base on comparison 

of the site to DOE guidelines. 
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* 
APPENDIX 0. CERTIFICATION DOCKET 

The purpose of the Certification Docket is to provide a , 

consolidated and permanent record of DOE activities at the specific 

.site and of this site's radiological condition at the time of 

certification, This record will be placed in the DOE Public Reading 

Room in Washington, D.C., and subsequently will be microfilmed for 

Federal Archives. The certification package will contain a summary of 

DOE (and predecessor agencies) activities at the site, the supporting 

documentation, and a bibliography of relevant dbcuments that are not 

included in the docket. The outline for the final docket is: 

., (A) Introduction to the Docket 

(1) Purpose and Contents of the Docket 

(2) Property Identification (general description and 
drawings of property being certified) 

(B) Exnibit I - Summary of Activities at the Specific Site 

(1) 

(2) 

(3) 

(4) 

(5) 

Site History (MED/AEC use; ownership history and use; 
and FUSRAP activities at site) 

Site Description (past and current) 

Radiological History and Status (survey and monitoring 
information, and criteria for determining need for 
remedial action) 

Selection of Remedial Action (option selected; criteria 
for the remedial action; cost-benefit analysis; and 
health effects evaluation) 

Summary of Remedial Action (what was done; waste volume 
and waste types; costs; and occupational and public 
exposures) 
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K> Exhibit II - Documents Supporting the Certification of the 
Site c 4 

These include but are not limited to: 

(1) Decontamination or Stabilization Criteria 

(2) NEPA Documents 

(3) Agreements (with owner, state, and-so forth) 

(4) Post Remedial Action Survey and Monitoring Data 

(5) State, County, and Local Comments On Adequacy of 
Remedial Action (and others as appropriate) 

S (6) Recommended Restrictions and Actions Taken to Implement 

(7) Federal Register Notice 

(8) Approved Certification Statement 

(D) Exhibit III - Diagrams and/or Figures or Tables Supporting 
the Certification 

(E) List of Relevant Documents 

The Certification Docket shall be prepared by OR-TSD for each 

completed remedial action and will include state, county, and local 

comments (as appropriate), Federal Register notice, and Approved 

Certification Statement. The certification statement is signed at DOE 

Oak Ridge Operations and is approved at Headquarters. OR-TSD drafts 

and obtains the required concurrences for the Federal Register notice 

which is issued by Headquarters. 
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APPENDIX E. ‘BASIC STEPS.INVOLVED IN THE REMEDIAL ACTION 
PROGRAM (FUSRAP ESAPP, APRIL 1985) 
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APPENDI)! F. PUBLIC AVAILABILITY AND ARCHIVING 

' OF FUSRAP RECORDS 

Introduction 

Documentation on a?? FUSRAP site investigations and activities,. r- I . .-.s.. - z z- i z - . . 
(for eliminated as we?? as certified sites) will be prepared and ___, . 

archived by the Department of Energy as permanent records of the __ _. 1. -f ., .-: _ :I_' 
program. This activity is required by this protocol for the purpose.-. _,,, _ 

of ensuring that investigations completed under FUSRAP do not have to 

be repeated at some future date. It is DFSD's responsibility to-.- _ .;; _ / _ .I r : : 
ensure that actions are taken to permanently preserve these records, ,. ._ 

Throughout the' WRAP project DFSD, with its-technical assistance 

contractors and the FUSRAP project office (OR-TSD), will maintain 

records that document program activities including site 

identification, characterization, designation or e?imination, and site 

remedial action planning, implementation, and certification. DFSD and 

the Technical Assistance Contractor will maintain these records 

documenting site identification, characterization, and designation or 

elimination activities. . DFSD and the FUSRAP Project Office (OR-TSD) 

will maintain those records documenting remedial action planning, 

implementation, and certification activities at each site. The 

certification dockets assembled by OR-TSD as described in Appendix D 

will be the primary record for those sites designated for remedial 

action. Elimination reports, including authority reviews and 

supporting documentation, assembled by the DFSD Technical Support 

Contractor will be the primary record for sites identified but not 

included in the remedial action program. In addition, the primary 

record file will include genera? information regarding program policy, 

decisions, and other pertinent information required to reflect as 

complete as possible history or chronology of activities associated 

with each FUSRAP site. 
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Temporary Public Access ‘ 

The Certification Dockets, major FUSRAP announcements, press 

releases and, where appropriate, elimination reports will be ma& 
available at the Department of Energy Public Reading Room in 

Washington, D.C. Upon receipt of the primary records assembled by 

OR-TSD and/or the Technical Assistance Contractor, DFSD will transfer 

copies of the subject documents to the reading room through a 

memorandum to the Department's Public Information Office (k&232.?). 

The official record copies will be maintained by DFSD or the program 

office until they are archived. The memorandum will request that 

MA-232.1 make the copies of the documents available to the public at 

the reading room for a period from 3 to 5 years, after which time they 

will be destroyed. 

Permanent Archiving of FUSRAP Records 

. 
At the termination of FUSRAP, or at an appropriate interval to oe 

determined, DFSD will assemble and prepare these records in accordance 

with pertinent records management procedures for transfer to the 

National Archives for permanent retention. The Office of Nuclear 

Energy Records Liaison Office (NE-73), at the request of DFSD, will 

coordinate with the Department Records Officer (HA-232.3) to have the 

records identified for permanent retention by the National Archives. 

The records will then be available to interested parties through the 

National Archives. 
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FUSRAP DESIGNATION/ELIMI~TION  PROTOCOL
SUPPLEMENT TO THE FUSRAP SUMMARY PROTOCOL

INTRODUCTION

This supplement to the Formerly Utilized Sites Remedial Action
Program (FUSRAP) Summary Protocol provides additional detail regarding
the designation/elimination process, It is intended as an
amplification of the information provided in the FUSRAP Summary
Protocol and relates to those activities conducted prior to Step 2,
Figure II, of that document (the final decision for designation into
or elimination from FUSRAP). This supplement is to be used along with
the guidance provided in the summary protocol and not in place of it.

,

The primary objective of the designation/elimination activity is
to determine if specific sites are in need of and eligible for
remedial action under FUSRAP. Basically, the investigations must
provide evidence that a site is contaminated above the current FUSRAP
guidelines with radioactive material that resulted from past DOE
predecessor activities and that there is authority under the Atomic
Energy Act of 1954 as amended (AEA) to conduct remedial action at the
site. If these criteria are met, the site is included in FUSRAP. The
activities involved in making this determination and the criteria used
for the determination are explained in this protocol. A brief
discussion of the data collection activities that precede the
preparation of the designation or elimination report is also
included. The initiation of the designation/elimination activity for
a given site is totally dependent on the data collection process.

DESIGNATION/ELIMINATION PROTOCOL

Data Collection

Data to support the designation or elimination activities are
derived from several sources. Historical information required to
support findings related to the potential for contamination of the
site (characterize the radiological condition of the site) and to
establish if the Department has authority under the AEA to conduct any
necessary remedial actions at a site, is primarily obtained through
records searches and also through interviews with cognizant
individuals (such as former facility or Atomic Energy Commission
employees). In addition, as required and appropriate, riew
radiological data and/or site specific information are collected
through site visits or surveys or contacts with owners.

Records Searches and Interviews. There are essentially two types
of records searches that are employed to support the designation/

1



elimination activity. The first is the systematic review. The
Department as part of its site identification and characterization
effort has investigated the Manhattan Engineer District (MED) and
Atomic Energy Commission (AEC) records stored at various records
centers and records storage locations to identify records that are or
may be pertinent to FUSRAR. The investigations involve several stages
of screening to identify records that require detailed review. As
part of the systematic reviews, the pertinent records are examined to
determine their subject area, the sites they address, and to obtain
copies of material that would support the designation/elimination
reviews. The material is reviewed and copied as appropriate for all
sites addressed. In addition, notes are taken on the particular
records reviewed so that if materials that are not needed for
designation/elimination actions are later necessary for other purposes
(litigation or Freedom of Information Act responses) their location is
easily determined and the required records can be easily retrieved.
The systematic approach is the most efficient and cost effective
because, the records need only be reviewed once. However, the method
does not allow easy or accurate scheduling of results. Because the
records are not well categorized and are not generally filed by site
[records are in most cases stored by date (FY43 and so forth
departmental division (Feed Materials Division and so forth) 3

and by

is no way of determining when or if enough information will bi
there

assembled on any one site until enough material has been collected or
all the records have been reviewed.

The second type of search is the site specific review. Under this
type of review all the records identified that may contain material
a selected site are screened to attempt to locate those records that

on

probably contain information on that site. These high probability
records are then scanned to identify site specific records and only
the site specific records are reviewed for designation/elimination
information. This search method produces relatively fast site
specific results with reasonable probability that all the important
facts pertaining to a specific site are identified. Searches
completed in this manner can also be scheduled somewhat more precisely
than can the results of systematic searches. However, the site
specific reviews produce useful information for only one site at a
time and result in a more costly and less effective review because the
same records groups have to be visited and reviewed several times to
extract all the useful data from them. .

Though it has the scheduling drawbacks the systematic search is
generally the favored approach for the site identification and
characterization effort. The site specific searches are only
conducted when there are priority requirements to complete
investigations on a specific site.

Interviews are generally conducted toward the end of an investi-
gation on a specific site or when it appears that the records will not

2



be sufficient on their own to support a designation or elimination.
As a result, most interviews are site or subject specific; however, at
the time of the interview the cognizant individuals are also
interrogated for information ori other sites or subject for future
reference.

. Site Visits and Preliminary Surveys. Visits or preliminary
surveys are normally only conducted when there is significant

.

probability of residual contamination being present at a site and if
there is authority to conduct remedial action at the site if the
radiological conditions are found to be unacceptable. The primary
purpose of the visits or surveys is to obtain information needed for
the site deslgnatlon or elimination which can not be obtained through
the records search activity.

Additional details regarding the implementation of the site visit
and survey activities and the records search actions are provided in
the Preliminary Analyses Phase section of the general FUSRAP protocol.

Designation/Elimination Analyses

The designation or elimination analyses are completed in two
parallel analyses. The site data are reviewed (1) to determine if the
sites are contaminated above DOE guidelines or if there is potential
contaminatjon on the site due to DOE predecessor operations and (2) to
determine if the Department has authority to correct any unacceptable
radiological conditions that might be identified at the site. The two
analyses are different and require somewhat different supporting data;
however, much of the analyses is interdependent and as a result, the
reviews are implemented in a manner that requires significant
interaction.

A positive determination must be made on both reviews for a site
to be included or designated into FUSRAP; the site must be potentially
contaminated above guidelines with residual material resulting from
DOE predecessor operations and there must be authority for DOE to
conduct any required remedial actions. If either of the reviews
produce a negative finding (no authority or no potential for
contamination) the site is eliminated from consideration for inclusion
in FUSRAP. Figure 1 and Figure 2 outline the decision tree for the
designation/elimination process. Figure 1 shows the paths and options
in a case where the authority is determined firs?,, while Figure 2
represents the case where the potential for contamination (or site
characterization) is determined first.

The potential for contamination is determined through the review
of the operating history of the site and considers such things as type
of operation, length of time the facility operated under AEC contract,
quantity of material processed, methods of disposal of wastes,
radiological data and so forth. It has been found that sites at which

3
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little work or only small quantities of material were handled, in
general, have fewer records in the files and the larger facilities
handling significant amounts of radioactive materials are referenced
frequently in the records. Therefore, the frequency of reference in
the old records is also used as an indicator of potential for
contamination.

- The authority review considers the contractual agreements and
final close-out information, the DOE predecessors involvement in the
facility and its operation, and health and safety responsibilities.
Other important factors considered, include the license status of the
site, types and amounts of commercial or other governmental work
conducted at the site and current site activities. The types of
records or information used in each of the authority and site
characterization analyses are outlined in Figure 3 along with some of.
the references normally sought during the records searches.

The criteria for determining if DOE will have authority to conduct
remedial action at a given site are a series of questions derived by
Division of Facility and Site Decommissioning Projects (DFSD) and the
Office of General Counsel. The site specific answers to these five
generic questions and the supporting reference material are used as
the basis to determine if there is DDE authority for remedial action
and if the site needs to be considered for FUSRAP. The five questions
are listed in Figure 4. The first two questions are generally
answered solely on the basis of historical data. The last three
questions, however, assume that there is contamination on the site.
Therefore, the review of radiological conditions must be completed
before the final responses to the authority questions can be developed
and the final designation decision made. Initially, if the review or
evaluation of radiological condition is not complete, the last three
questions are answered tentatively, assuming the site was contaminated
with materials associated with past AEC/MED operations. Then a
preliminary authority determination is made with the condition that it
would have to be shown that the site was contaminated with residues
from DOE predecessor operations before a final decision supporting
authority can be made. A negative authority finding at the initial
stage (prior to a final determination regarding site contamination)
will generally result in the site being eliminated from the program.
However, if on the basis of this draft authority review the answers to
the questions indicate that DOE might have authority for remedial
action at the site, additional investigations which may include site
visits and/or surveys and contacts with the owner, are implemented as
required to provide additional material to support the review. The
final authority determination is then made on the basis of the final
answers developed using the additional information.

The authority review is an iterative process. Ideally, the
authority determination is done with the minimal amount of records
review as is possible and practical. As soon as there appears to be

.



Site Description

- Location (address and maps)
- Facility size

Entire site
MED/AEC portion
Area around the site (population and envimnsf

Contractual fnformation (MEWEt)

- Size of contract -- Areas utflired for contractual activ+tics
- Length of contract -- Health and safety provisions
- Type of contract -- Closeout provisions
-- Products - Special provisions

-- Contracting DivisSon or organization

Contractual information (~o?B-DDE  predecessors)

- Same as above including estimates of fractdon of facilfty and
work that was not MED/AEC related

License information

-- Type of license - Violations
-- Length of license - -  C u r r e n t  status
-- Areas and work covered under license

History of MED/AEC operations

- Type of operation (materials processed, quantities, waste
disposal practices and so forth)

- DDE predecessor contra? and involvement at the site
Ownership of lands, buildings, or equipment
Personnel stationed at the site
Frequency of visits to monitor or manage operations
Health and safety inspections and so forth

- Periods of operations and stand-by status
- Size of staff (production, research* engineering, health

and safety and so forth) and portion of time spent on
non-MED/AEC operat$ons

-- Final closeout
Surveys
Property Transfer
.Status  and final releases

Current status of site

- Radiological status
- Current and planned or future uses
-- Proximity of active areas and suaaaary of operations

Typical References

Contracts
Processing records
Surveys and health and safety reports
Correspondence with MEDIAEC managers on pertinent~issues
Closeout records
Licenses and inspertions
interviews

Figure 3. Information Collected and Utilized in the
Designation/Elimination Process
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Five Questions Used to Evaluate

Authority for Remedial Action

1. Was the site/operation owned by a DOE predecessor or did a DOE
predecessor have significant control over the operations or site?

2. Was a DOE predecessor agency responsible for maintaining or
ensuring the health, safety, and environment of the site (i.e.,
were they responsible for cleanup)?

3. Is the waste, residual, or radioactive material on the site the
result of DOE predecessor related operations?

4. Is the site in need of further cleanup and was the site left in
unacceptable condition as a result of DOE predecessor related
activities?

5. Did the present owner accept responsibility for the site with
knowledge of its contaminated condition and that additional
remedial measures are necessary before the site is acceptable
for unrestricted use by the general public?

.

.

Figure 4. Factors Considered in AuthorSty Reviews
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sufficient data to answer the five questions (at least tentatively)
and to make a determination, a draft authority review package is
prepared and submitted to the Office of General Counsel (GC). The
authority review package contains:

1. A summary of the site’s operation,

2. Available information on the current condition of the site,

3. Specific answers to the questions in Figure 4; and

4. Copies of pertinent documents supporting the answers.

If GC recommends that there is insufficient data to ‘make a'
determination, efforts are made to identify and collect the required
materials. However, if the searches prove unsuccessful and it is
unlikely that any additional useful information will be derived from
future records searches the authority review and determination are
completed on the basis of the available information. In general,
insufficient data will result in a no authority determination.

If GC recommends that the data provided is sufficient to make an
authority determination, then the authority finding is made, the
authority review is finalized and the next step in the process is
implemented. The next step depends on the status of the site
radiological evaluation effort. If the potential for contamination
has been established through historical data or survey data then the
elimination or designation package is prepared. If it has not, then
additional investigations are conducted.

If the finding is for no authority and there is, or is potential
for, contamination at the site, an elimination report is issued. The
site owner, appropriate state agencies, EPA, and other appropriate
Federal agencies are notified that there is (or is potential for)
contamination at the site and that DOE has no authority under the AEA
to conduct any remedial actions at the particular site if they are
found necessary. The elimination report is made available to the
owner, state agencies, EPA, and the other appropriate Federal
agencies. The report is placed in the DOE Public Reading Room for at
least a Z-year period and is permanently archived by DOE in accordance
with procedures described in Appendix F of the FUSRAP Summay Protocol.

If the finding4s for authority, the radiological and operating
data are summarized to determine if additional radiological
characterizations are needed to determine if the site should be
considered for remedial action. If additional data are needed the
site survey is planned and implemented and a designation package (or
elimination package as appropriate) is prepared after the survey is
completed. If adequate information is already available, then the
designation or elimination package is prepared. The owner and the

9



appropriate state agencies are notified of the designation of the site
for remedial action.

In those situations where the potential for contamination is low
or non-existent, the sites are eliminated from the program
irrespective of the DOE authority. If the authority issue has not
been resolved at the time that the determination of no potential for
remedial action is made, then the authority review is terminated.

Designation/Elimination Reports. Designation/elimination reports
are prepared to document the analysis and to summarize the data
available on a specific site. The draft designation report and
supporting material is used as the.basis.for the designation
determination. In order for a site to be included in FUSRAP the
report must indicate that:

.

0," The site is potentially contaminated (above FUSRAP criteria)
with radioactive residues that resulted from DOE predecessor
operations, and

0 DOE has authority to conduct remedial action at the site.

The site will not be included in FUSRAP if it is already included
under some other remedial action program or is under NRC or state
license.

The contents of the designation reports vary slightly from site to
site and may include the following types of materials:

1. A summary which discusses the past operations at the site,
the current status of the site, disposal practices,
radiological history and so forth.

2. A description of the current status-of the site and its
location and size.

3.

4.

A summary of the authority review completed on the site.

5.

An analysis of potential doses that might be received by
members of the general public as a result of exposure to
contamination on the site (using available radiological data).

A comparison of the levels of residual radioactive material
on the site and potential doses to guidelines and standards.

6. A preliminary ranking of the site on the basis of potential
health effects using the DOE/FUSRAP prioritization procedure
(only for those sites that are designated), and

7. References and supporting data.

10
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Elimination reports may also contain similar information, however,
depending on circumstances will generally be much briefer. The
elimination may be based on a finding from historical records of
little potential for contamination or that the site is covered under
another remedial action program and so forth. In cases where the
authority review is completed first and the finding is that DOE has no
authority, the authority review may be used in place of the
elimination report.

Activities Following Designation/Elimination

Designated Sites. Once a determination is made that a site
qualifies for designation under FUSRAP, the DOE Oak Ridge Operations
Office Manager and the Technical Services Division (OR-TSD) Director
are notified by the Director of the Office of Remedial Action and
Waste Technology (the superior office for DFSD) that remedial action
is authorized under FUSRAP. OR-TSD (the FUSRAP project office) is
then responsible for taking appropriate steps to complete any
necessary characterization of the site and remedial actions determined
to be required. The remedial action process is outlined in more
detail in the FUSRAP Summary Protocol. Following completion of the
remedial action the site is certified in accordance with procedures
also outlined in the FUSRAP Sumnary Protocol and Supplement No. 2 to
the FUSRAP Summary Protocol (verification/certification) November 1985.

Eliminated Sites. Sites eliminated from consideration for FUSRAP
are in two general categories:

1. Sites that have little or no potential for being contaminated
with radioactive residues for which DOE either does or does
not have authority for remedial action.

\2. Sites for which DOE has no authority for remedial action that
are or are potentially contaminated with radioactive residues
or material.

For a site in the first category, the elimination report is issued
and filed and the information on the site is updated in the FUSRAP
sites data base. At the end of each'year a summary report documenting
the status of all the sites reviewed during the past year is
prepared. This report along with the supporting elimination
information are eventually archived to ensure that a record of the
investigations will be permanently available.

Similar reports are prepared for the sites in the second category,
and the information is documented in a similar manner. However, in
order to ensure the attention of appropriate government agencies to
conditions that may impact negatively on the general public or the
environment, DOE notifies EPA and other appro riate Federa! and/or
state agencies of the findings and potential Razards assoctated with

11
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the site. DOE is available to assist these agencies in the state in
interpreting results or in assessing data on the sites; however,
unless DOE is provided authority for the site through another
mechanism (such as a legislative mandate) all activities excepting
assistance to other agencies are terminated.

I .
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INTRODUCTION

This supplement to the general Formerly Utilized Sites Remedial Action
Program (FUSRAP) protocol outlines the procedures for the verification
of remedial action and the ultimate certification of a FUSRAP site's
radiological condition. This supplement is intended as an
amplification of the description of the certification process
presented in the “Certification of Site Conditions Phase" section of
the FUSRAP Summary Protocol. The certification process includes the
collection of data necessary to confirm the compliance of the remedial
action with applicable radiological guidelines and the preparation of
materials required to permanently document the radiological condition
of the site following completion of remedial action activities.

The verification and certif>cation activities involve several elements
including (1) post-remedial action measurement, (2) independent
verification (independent verification of results and/or procedures by
the Department of Energy (DOE) and/or others as appropriate), (3) .
interaction with and/or notification of concerned parties, and (4)
final project documentation.

The various activities and subelements of the certification process
are managed and implemented by the FUSRAP project office at the DOE
Oak Ridge Operations (Technical Services Division, OR-TSD) and their
contractors. The discussion to follow outlines the activities within
the certification process and discusses responsibilities.

CERTIFICATION

The discussion of the certification process is divided into three
general types of activities in the discussions to follow:

0 Remedial Action Measurements .

0 Independent Verification (by DOE and others)

0 Certification Docket (Federal Register Notice and Owner
Notification)

Preparation,
Review, and
Distribution

The first activity is the final step in the remedial action phase of
,W;$; and is the major source of data supporting the certification

. The other two elements makeup the portion of FUSRAP known as

1
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the certification phase. Figure 1 is a conceptual diagram of the
process and its relationship to the remedial action phase. Figure 2
is a conceptual time line showing the relative time relationships of
these activities. Figure 3 is a conceptual flow chart of the
certification process.

The process outlined in this supplement begins with activities
conducted durin
Contractor (PMC4

the remedial action Phase by the Project Management
. These activities involve excavation/decontamination

control measurements, supportive sampling and analyses, and
preparation of the post-remedial action report. They are implemented
by the PMC and managed and overviewed by OR-TSD.

The independent verification activities, for the most part, run

f
arallel with remedial action and post-remedial action activities,
he reviews, surveys, measurements and documentation prepared during

this element of the certification process are prepared by an
independent DOE contractor not involved in the remedial action
activity. Additional information may be received from state or other
Federal agencies. As with the DOE independent verification activity,
the State and other Federal agency activities may involve independent
review of the remedial action contractors reports as well as
independent measurements.

The draft certification docket is compiled by the OR/TSD (FUSRAP
Project Office) and includes a summary of the action, documentation
supporting the compliance with criteria, a copy of the interim letter
to the property owner, the draft certification statement, and the
draft Federal Register Notice. The complete draft docket is sent to
W$ei;n of Facility and-Site Decommissioning (DFSD) for review and

The flnal certlflcatlon statement 1s approved by the field
office ind the final Federal Register notice is signed and issued by
DOE Headquarters (Figure 4).

FUSRAP remedial actions involve activities to clean-up or stabilize
radioactively contaminated land and structures. While the remedial
actions are conducted.in a manner that would insure that no user of
the site would receive doses in excess of those allowable (reference
FUSRAP and Remote SFMP Criteria and Guidelines), the criteria for
&in-up of structures differ from those used for the clean-up of

Criteria used in the decontamination of structures are
primirily surface contamination guidelines and external gamma
limits.* Maximum permissible concentrations of radionuclides in the
air and radon/radon daughter limits are also used.* For open areas or
land, allowable soil concentration guidelines are used as remedial
action criteria.* As a result of the differences in the types of

*The U.S. Department of Energy Guidelines for residual radioactivity
at Formerly Utilized Sites Remedial Action Program and remote
Surplus Facilities Management Program Sites (Rev. 1, July 1985).

2
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Sequence for Final Docket Sign-Off and Assembly

1. The Field obtains aoproval of the certification statement and the
Federal Register Notice from the Field Office Chief
Counsel. The Federal Register Notice submitted for approval
should include a copy of the concurrence chain.

2. The Field obtains approval of the draft Federal Register Notice
from DOE Headquarters MA-213.13.

3.‘ The following is transmitted to NE-23 for final approval after
Chief Counsel concurrence of the certification statement and MA
concurrence of the Federal Register Notice:

a. Memorandum for signature (to NE-20 from NE-23 recommending
certification).

b. Federal Register Notice for signature by NE-20.

c. Bound certification docket.

d. Published documents referenced in Exhibit 11 of the bound
docket. (Items a, b, and c include DOE F 1325.10, Officia
File Copy, to indicate appropriate concurrence.)

1

A copy of the memorandum (a) will be included in the final dock
as is the signed certification statement and signed Federal
Register Notice.

et

4. NE-20 signs the Federal Register Notice.

a. Copies of the signed Federal Register Notice are transmitted
to the field for inclusion in the final docket.

b. The original plus two copies or two signed duplicate
originals of the Federal Register Notice and DOE F 1325.10
(Official File Copy) are sent to MA-213.13 by DFSD for
publication..

5. The Field inserts copies of the signed memorandum, the
Certification Statement and the Federal Register Notice into the
bound docket and makes distribution, as appropriate, to the local
public document room, state, etc. {Five copies of the bound
docket, along with the referenced published documents, are sent to
DFSD for entry into DOE public document room at Washington, D.C.,
and headquarters distribution.)

6. The Field Office will be responsible for notifying the State and
local governments, as necessary, and property owners of the
certification action. The state will be requested to insert a
notice in land record offices if appropriate.

Figure 4. The Certification Procedure/Chronological Outline
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criteria and guidelines applied to building and land decontamination,
the requirements for verification sampling and analyses vary somewhat
for bulldings and land.
this protocol.

These differing requirements are discussed in

Remedial Action Measuremerits, Excavation/decontamination control
measurements (using portable gamma-, beta-gamma-, and, where
necessary, alpha-measuring instruments) will be used by field
personnel to guide the remedial action and to make the preliminary
determination as to the extent of the excavation and/or
decontamination required. For cases of soil contamination, upon.
completion Of each planned segment of a remedial action (as determined
by the excavation control measurements and prior to back'filling
activities) the on-site radiological contractor will take
representative soil samples and analyze them at the field laboratory.
If these analyses confirm that the remedial action criteria have been
achieved, the backfilling can proceed. If the samples indicate that
additional material must be- removed, the remedial action contractor
will be informed of the requirements and take appropriate action.

A representative number of the remedial action soil samples will also
be sent to a central laboratory for final sample confirmation. The
results of these analyses will be compared with the field data to
ensure compliance with the remedial action criteria.

Compliance with criteria in structure or building decontaminations
will be demonstrated by field measurements except in those cases where
air sampling is required. Surface contamination and gamma
measurements will be taken to ensure compliance with the FIJSRAP
criteria and guidelines or standards referenced in that criteria
document. As appropriate, representative samples will be taken from
the air, water, and residue samples that were' analyzed in the field
and used to support the confirmation of the site's condition. Again,
as appropriate, samples will be sent to a central laboratory for
confirmatory analyses.

These activities will also include the review of radiological data
after the completion of the remedial action by DOE/OR. The results of
the radiological support contractors surveys and confirmatory analyses
will be documented and included as part of the PMC's post-remedial
action report. A draft of the report will be issued for DOE and
Independent Verification Contractor (NC) review within 3 months of
the completion of the remedial action. The final report will be
issued about 1 month later presuming DOE and IVC-comments are provided
within a 3-week period after receipt of the draft report.

Independent Verification by DOE. DFSD will provide an independent
overview evaluation  ot the remedial action through review of the
reports prepared by the PMC. Independent measurements, sampling and
analyses and review of procedures and remedial action survey results
will be completed by a DOE contractor (IVC) not directly associated

7
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with the remedial action. The XVC will have primary responsibility
for the scope of its field investigation. The IVC will prepare a
generic plan outlining the procedures to be used during verification
activities. The plan will be submitted to the Field Office and DFSD
for approval. The IVC will then provide DSFD and the Field Office
with only a brief outline of site specific plans for sites selected
for verifications. The outline will reference the generic plan and
note special concerns. The generic plan will describe the types of
verification actions that may be taken and the reasons for applying
certain procedures to specific types of sites. The IVC may conduct
two types of verification reviews (types A and 3) at a site or group
of properties. Type A verifications will include review of the
remedial action and radiological contractors data and possibly the
analyses of some split samples. Type B verifications will include an
on-site visit and survey involving direct measurements and sampling
and/or split sample analyses. The primary purpose of both of these
actions is to confirm the adequacy of the procedures and methods used
by the remedial action and radiological contractors. In the field,
the IVC may increase or decrease the scope of the independent
verification survey on the basis of field data. Appendix I outlines
the procedures to be used by the IVC for independent verification of
remedial action and procedures to correct for any discrepancies found
during the verification process. The OR/TSD will be responsible,
through their management function, to assure that the verification
activities are consistent with this protocol.

Independent verification will be accomplished on all FUSRAP remedial
action sites. The level of verification required will be decided by
DOE with input from the IVC. Off-site or vicinity property remedial
actions may be verified in groups where so recommended by the IVC and
approved by the DOE. These independent evaluations will further
verify that the remedial action was accomplished in accordance with
standards and criteria appropriate for the project. Within 4 months
after the completion of a remedial action, the verification contractor
will issue a verification statement and provide copies to DFSD and
ORj'TSD. In the case were vicinity properties were grouped and
verifications were only completed on selected properties, the
verification statement shall be written to cover all the properties in
the group on the basis of the results of the selected properties.
Upon receipt of this verification statement, OR/TSD will send an
interim letter (notification of intent to certify) to each of the site
or property owners.

The results of the verification survey will be presented in a final
report, and like the post-remedial action report, will be reviewed by
DOE-Headquarters, OR/TSD, and, as appropriate, the state and other
Federal agencies. In addition to the final reports, representative
samples from the remedial action survey and the verification survey
will be properly labeled, retained and archived for an appropriate
period (see Appendix II). The samples shall not be discarded until
such time as the final certification package for the specific site is

8



completed, undergoes review, and is archived following an appropriate
period of availability at the DOE public document reading room (see
Appendix II). Throughout the planning, implementation, reporting and
archival activities associated with this process, the IVC and PMC will
work closely to optimize overall performance. The IVC and PMC will
make every effort to resolve scheduling conflicts and expedite
information exchange and on-site activities. Procedures to handle
minor discrepancies in the field shall be developed and agreed upon by
the IVC, PMC, and remedial action contractor. DOE (DFSD and OR/TSD)
should be notified of any problem that cannot be handled by the
contractors as far in advance of the verification statement as
possible, and will take expeditious actions to insure that the
remedial action and verification are adequately implemented.

.
If it is determined by the IVC that the remedial action was not
successfully completed or that the radiological data and supporting
information or procedures are not adequate to allow certification of _
the site, such findings will be reported to DOE-imnediately. OR/TSD,
with assistance from DFSD, will review the problems and take
appropriate steps to have deficiencies corrected or resolve the IVC
defined problems. The 4 month maximum time period from completion of
remedial action to notification of the owner by OR/TSD will not be in
effect in cases where adequacy of certification data is in question.
The time limitation will again be in effect once the issue is resolved.

Independent Verification By Others. Upon request made to DOE in
advance of the initiation of remedial actions, qualified Federal,
state, and local agencies will be given the opportunity to perform
independent measurements and analyses or to analyze split samples
taken during DOE radiological surveys. Each agency will also be given
the opportunity to review the radiological support contractors
measurement, sample collection and preparation and analytical
procedures and the resulting data. Local groups desiring to implement
such actions will have to do so through their state or local
governments.

Certification Docket Preparation and.Review. Following completion Of
the post-remedial action report and the verification statement,
DOE/OR-TSD will be responsible for (1) providing the owner, within 4
months after completion of a remedial action activity, an interim
notification of DOE's intent to certify the remedial action; and (2)
the draft certification docket for the specific site (outlined in the
Certification of Site Conditions Phase section of the FUSRAP Summary
Protdcol). The final docket (see Figure 5) and certification
statement will be issued after completion of the docket review cycle
also discussed in the FUSRAP protocol. The draft certification docket
shall be prepared by OR-TSD for each completed remedial action. The
dockets may be prepared by phase (if the remedial action is conducted
in phases) and may include groups of vicinity properties as
appropriate. A docket is to include the items discussed above and

9
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Certification Docket

L

(A) Introduction to the Docket

(1) Purpose and Contents of the Docket
(2) Property Identification general description and drawings of

property being certified f

(B) Exhibit I - Summary of Activities at the Specific Site

(1). Site History (MED/AEC use; ownership history and use; and
FUSRAP activities at site)

(2) Site Description (past and current)
= (3) Radiological History and Status (survey and monitoring

information, and criteria for determining need for remedial
action)

(4) Selection of Remedial Action (option selected; criteria for
the remedial action; cost-benefit analysis; and health
effects evaluation, where appropriate)

(5) Summary of Remedial Action (what was done; how it was done;
waste volume and waste types; disposal location; cost
breakdown; and occupational and public exposures)

(C) Exhibit II - Documents Supporting the Certification of the Site

These include but are not limited to:

(1) Decontamination or Stabilization Criteria

11
2 Designation or Authorization Documentation
3 Characterization Report
4 NEPA Documents
115 Agreements {with owner, state, and so forth)
6
11

Post Remedial Action Survey and Monitoring Report
7 Verification report and interim verification letter to the

owner.
(8) State, County, and Local Comments On Remedial Action {and

others as appropriate)
(9) Recommended Restrictions and Actions Taken to Implement Them

t I
10 Federal Register Notice
11 Approved Certification Statement

(D) Exhibit III - Diagrams and/or Figures or Tables Supporting the
Certification

(E) Relevant Documents

Figure 5. Certification Docket Contents and Outline
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listed in Figure 5. The final Federal Register notice, and approved
Certification Statement will be included in the docket and any
required changes will be made to the text summaries at the time of DOE
DFSD review of the draft docket.

The certification statement will be forwarded by the field office
(OR/TSD) to the property owner and the state in which the property is
located. A notice will also be published by DOE headquarters in the
Federal Register. The state or local government as appropriate will
be requested to have the land records annotated to indicate completion
of the remedial action and to establish a public record of the
certification that the remedial action criteria, guidelines or
standards have been achieved or that restrictions are required for
continued use of the site. Upon publication of the Federal Register
notice, the certification docket containing a complete historical
record of the remedial action, incliiding the certification statement
and the final project reports, will be placed in the DOE public -
document room at Washington., D.C., and the Field Office locations for
a suitable period of time before it is permanently archived.



APPENDIX I

Procedure for Independent Verification of Remedial Action
and Correction of Discrepancies at FUSRAP

and Vmmty Properties

INTRODUCTION

Independent verifications will be carried out for FUSRAP sites and
vicinity properties in order to provide additional assurance for
certification that the authorized limits for the remedial action have
been achieved. The FUSRAP remedial action activities are managed by
the DOE Oak Ridge Operations Technical Services -Division (OR/TSD).
Onsite verification surveys will be carried out for some vicinity
properties and for all sites. Heavily contaminated vicinity
properties, or properties where independent surveys are requested by
the owner, local or State officials, will have onsite verification
surveys. The procedure for conducting. and reporting the independent
verification is described below.

INDEPENDENT VERIFICATION PROCEDURE

The Independent Verification Contractor (IVC) will perform all or some
of the following verification activities: (1) review the site
characterization survey, the remedial action plan, available progress
reports, and data for the remedial action and restoration of each
property or site; (2) schedule a visit to the selected property or
site immediately following remedial action, without significantly
delaying or interrupting the restoration efforts or some time after
the restoration of the site; (3) perform gamma scans for selected
locations where excavation has occurred; (4) perform discrete gamma
measurements at specific grid locations for comparison with remedial
action authorized limits; (5) perform beta-gamma and alpha
measurements as required to verify decontamination of structures
and/or equipment; (6) perform independent soil sampli,ng and analysis
of excavated areas for comparison with remedial action authorized .
limits; (7) perform independent environmental sampling and analysis as
required to confirm that radionuclides in air and water are within
required limits for the specific remedial action; (8) perform
independent analyses of soil samples selected from the contractor's
archives for the vicinity properties at which independent gamma
surveys or soil sampling were not performed; the selection of the
archive samples for independent analysis will be based on statistical

. guidelines as determined by the IVC; (9) prepare a verification letter.
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The number of these activities'and the detail to which they are .
conducted will depend on the type of verification activity being
implemented. Type A verifications in general will include the review
of the radiological and remedial action contractor results and, in
some cases, an analysis of split samples. Where necessary to confirm
results after the restoration, a visit to the site may be warranted.
Type 5 verification will be more thorough and may include all of the
niFioctivities depending on the site conditions and magnitude of the

The veriflcatlon letter and report are prepared for both type
of surieys.

Review of Remedial Action

All site designation and characterization reports, remedial action
plans, progress reports, and survey data pertaining to the specific

=site of interest will be made available to the IV& for review. These c
reviews will be conducted as part of Type A verifications and to plan
the Type B verification surveys and to determine whether the remedial
action plans were changed during the course of remedial action in a
manner which would affect the site conditions or the conduct of the
verification survey. Post-remedial action data will also be provided
to and reviewed by the IVC for both Type A and Type B surveys. The
post-remedial action data will be provided to the IVC in a timely
manner such that review of the information can be completed and the
verification letter sent within 3 months of the completion of remedial
action.

Site Visits

A visit will be scheduled to a selected vicinity property or site
undergoing remedial action prior to restoration or immediately
following the remedial action. Every effort will be made to establish
an open communication by both the IVC and the remedial action
contractor to avoid interruption or delay of the construction
schedule. The IVC will notify OR and/or the PMC of those vicinity
properties and site areas which will be sampled or surveyed for
verification prior to closure. OR or PMC, as appropriate, will notify
the IVC at least 72-hours prior to closure of these selected sites.
The notice may be given on the basis of a group of properties, not
necessarily for each vicinity property. The IVC is responsible to
accomplish any verification survey and sampling without interference
with the construction schedule providing at least a 72-hour advance
notice is given.

Gamma Scanning and Discrete.Measurements

A gamma scan and possibly a set of discrete measurements will be
performed on either excavated vicinity properties or site areas. The
survey will be performed to the site characterization and remedial
action survey grids and will be performed in accordance with

I-2



ORNL/TM-8600*, its equivalent, or other guidance provided through the
field office and approved by DFSD. The exposure rates will be
recorded on a map of the property or site area for comparison with the
data taken by the remedial action contractor. This map will be
compared with the authorized limits.

Other Direct Measurements

Beta-gamma and alpha measurements performed, as required, in areas,
structures, and/or equipment affected by the remedial action or
decontamination, will be tied to previous remedial action related

These measurements and scans will be performed in accordance
%~e$cedures in ORNIJTM-8600 or its equivalent. The results will
be recorded on maps, drawings, or tables of the structures, equipment,
or areas and compared to authorized limits.

Soil Samples

About five verification soil samples will be taken from a selected
'excavated vicinity property or site area on a systematic pattern. This
number may change according to the size of the vicinity property or
site area and the contamination pattern. The soil samples will be
obtained from the surface ( 15 cm depth) or subsurface ( 15 cm depth)
of the decontaminated area. These soil samples will be analyzed by
the IVC for the radionuclides specified in the remedial action plan
and will be compared with the authorized limits. If no soil sample is
taken from a property or area by the,IVC, an independent analysis will
be performed by the IVC using selected soil samples taken from the
remedial action contractor's archive. The samples will be selected
and analyzed in accordance with the procedures in ORNL/TM-8600, its
equivalent, or other guidance provided through the field office and
approved by DFSD.

Air and Water Samples

Representative verifications samples of air or water will be collected
and analyzed when determined necessary through reviews of the site
data. Sufficient samples will be collected at discrete locations by
the IVC to confirm the remedial action contractors results and verify
compliance with the appropriate criteria. The samples will be
collected and analyzed in accordance with procedures in ORNLITM-8600,
its equivalent, or other guidance provided by the field office and
approved by DFSD. .

*ORNL/TM-8600, "Procedure Manual for the ORNL Remedial Action Survey
and Certification Activities (RASCA) Program"

1-3



..

Comparison of Results .

Procedures for comparison of IVC results to those of the radiological
contractor will be discussed in the IVC's generic plan. In general,
comparison of split samples will be done on a sample to sample basis.
The IVC and remedial action contractors results should agree within
the expected statistical deviations of the analysis methods used. IVC
survey results (direct measurements, sampling and analysis) should be
compared to the remedial action contractor results on the basis of the
criteria, taking into account averaging requirements as well as
.sampling  and analysis considerations. _

Corrective Action for Discrepancies

If the IVC verification survey or sample analyses show that any result
is above authorized limits for the remedial action (a discrepancy), a
corrective action to resolve this discrepancy must be taken by OR.
The IVC will notify DFSD (NE-23) and OR of the discrepancy as soon as
possible. OR will determine and instruct the remedial action
contractor whether additional cleanup action will be taken or an
exception will be requested as specified in the FUSRAPfRemote SFMP
Guidelines. The IVC will re-verify the property or site area after
corrective action. The corrective action and any exception will be
recorded in a corrective action section of the final report or
closeout report prepared by the remedial action contractor.

Verification for Post-Remedial Action Report

After the completion of the post-remedial action, verification survey
or review, radiological survey and laboratory analyses of soil
samples, a verification letter and report will be prepared by the IVC
for each vicinity property or site. The authorized limits and the
background levels of radiation will be compared to the verification
results. The verification letter will address the comparative results
of the verification activities and include a statement of
verification. The verification report will include the field and
laboratory analyses results and any anomalies that were noted during
independent verification survey and any reverification survey.
Appropriate tables and a listing of results will be included as well
as illustrations of the areas surveyed; i.e., soil sample locations
and identifications, gamma levels, etc. In the case of the Type A
verifications the report will summarize the basis for the IVC's
finding of the adequacy of the action (or discrepancy) and reference
supporting data or reports. The conclusion of the verification
report, whether Type A or B verification, will be a finding of whether
the authorized limits for the remedial action were met and a statement
of any exceptions.

Where data are available, the post-remedial action report will include
(summarize) the findings of the verification report or, as
appropriate, reference the verification report and/or letter.
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APPENDIX II

Certification and Verification Sample Maintenance
and Archlvlno Process

All samples collected by the remedial action contractor and the DOE
Independent Verification Contractor for the purposes of certifying a
specific site or property will be logged and maintained by them until
the certification process is complete.

Six months following the issuance of the Federal Register notice of
certification and the availability of the docket in the public
document room, the certification/verification sample archival process
w711 be initiated. At that time or thereafter, the IVC will assemble,
log, and archive a representative number (as defined below) of
certification or verification samples (at least 500g/sample,  if
possible) to be maintained over a 5-year period. These samples will
be held as evidence of the adequacy of the remedial action and to
backup the certification docket. All other samples may be disposed of
(in an appropriate manner) by the contractors following the
establishment of the sample archives for the particular site and/or
vicinity properties.

The majority of the archival samples are expected to be derived from
the IVC collection of samples; however, the IVC will review his
samples and those of the remedial action radiological contractor to
determine if any of these samples should be consolidated into the
archives.

The IVC will provide the remedial action contractor with guidelines
and specific directions regarding samples required for the archive
from his inventory. The remedial action contractor will be
'responsible for the correct labeling, packaging, and transmittal of
these samples to the IVC and for providing information accurately
identifying the locations where the samples were derived. Guidance
with regard to sample collection, handling, labeling, and storage is
available in documents prepared or referenced in the generic
verification plan by the IVC.

The IVC will take similar actions with their samples and will
consolidate the two sets of samples into one group with common keys
and legends identifying the sampling locations. These samples will
then be archived by the IVC. The IVC may then take steps to
appropriately dispose of any excess samples and will notify the
remedial action contractor that they are free to do the same. The
archived samples will be held for a minimum period of five years and
the IVC will notify DOE and obtain approval prior to disposal of the
archived samples.
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SAMPLE SELECTION

The selection of samples for the archives will be done in a systematic
manner. Approximately 10 percent, but not less than five samples, of
all certification or verification samples taken for each site,
vicinity property, or each group of properties will be archived.
Proper care shall be taken to ensure that adequate samples are taken
for each site. Grouping of vicinity properties for the purpose of
sample archiving is permissible in cases where many small vicinity
properties are located near one another, contamination removed from
the area were of a similar nature, or the remedial actions were
completed during the same construction period or season without any
significant interruptions. Samples from a site and vicinity
properties which are contiguous with the site and were decontaminated
during the same period may also be included in the same sampler
selection process and archived together.

In general, samples will be selected out of thetotal sample
population with the only restriction being that the samples should
provide a representative area1 cross section of the site or properties
being certified.

For cases where some special circumstances exist, a greater number of
samples may be selected to better represent the post-remedial action
conditions at the location of interest. Examples of such locations
include:

Areas that had exceptionally high concentrations of radionuclides
prior to remedial action.

Areas that were the subject of some conflict, question, or
discrepancy between DOE and other groups, including owners,
states, other Federal agencies, or local groups.

Areas at which the IVC and the radiological contractors data
initially disagreed or areas where the independent verification
survey identified discrepancies.that  had to be resolved.

Areas for which exceptions to the designated site criteria were
requested.

The number of samples archived will be proportional to the area of the
site. If the area of concern covered a large area (several hundred
square meters) and was very non-uniform in nature (varied isolated
depths, varied concentrations and nuclide make-up) extra samples
should be preserved.
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Desfgnation of Sitar for Remadial Action 0 M&al Hydrides, Beverlly-, 
MA; Bridgeport 8rass. Adrian, KI and Seymour, CT; National Guard Armory, 

.li 

;..- .:.. Chfcrgo, IL ._ : ..r ,7. 

m .zal>oe La6rone. Uanager 'I 
Oak Ridge Operations Office 

Based on the attached radiological survey dbta (Attachments 1 through 3) 
and an appropriate authority review, the followfng properties are being 
authorized for remedial action. It should be noted that the attached 
survey data are for desfgnation purposes only and that Bechtel National, 
Inc. (BNI) should conduct appropriate comprebensfve characterfratfon 
studies to deterroine the axtent and magnitude of contamination on these 
propertics. 

. 

m Location Priority 

Former Bridgeport Brass Co. 
(General Motors) Adrian, MI Low 

Fotlncr Bridgeport Brass Co. 
(Seymour Wire Sptcislty) Seymour, CT 

National Guard Armory i";Chicago, IL iii 
Fomw Metal Hydrides, Inc. * 

(Vtntron DIV., lhfokol Corp.) Beverly, HA . Hed/Low 

At the Bridgeport Brass Sites In Adrfan, Mfchigan, and Seymour, 
Connecticut, the radioactfvt material is lnaccessfblt, and if not 
disturbed, posts no threat to anyont, 1.t.. In drains, sewers, In concrete 
covered pits, etc. this bcfng ir?e case, OR/BNI should give serious 
consfdcratfon to leaving the radioactlvt material in place and arranging 
for lnstftutfonal control untfl modiftcatfon of the facilities occurs for 
other reasons. This approach wus used for sane of tht contamlnatlon at 
Gilman Hall, Berkeley, Calffornia, and the Unfversfty of Chicago, Chicago, 
Sllinofr. However, there may be other areas of contaminstlon due to 
Manhattan Engineer District/Atomic Energy Comnitslon activltics below the 
floor at the General Motors plant in Adrfan, Hfchfgan, that have not been 

. dlscovsred because there are no as-built drawings or other drawings that 
show "under roundy drafns, pits, ttc. This possibility should be 
considered % y the BNI staff in plsnnIng the characterization survey. 

A ruarmry of the Yantron Corporrtlon rrdiological turvey report It attached . 
(Attachment 4). The full report will be stnt to you when it is flnallttd 
by ORNL. The data in the sumnsry is tht radIological basis for conducting 
remadial actfon rt this facility. . 
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y United States Government 

096254 

Department of Energy 

memorandum 
DATE: fJgj- 2. 2 1992 

REPLY TO 
ATTN OF: EM-421 (W. A. Williams, 903-8149) 

SUBJECT: Designation of Beverly, Massachusetts, Vicinity Property 

TO: L. Price, OR 

Pursuant to radiological surveys conducted by the Oak Ridge National 
Laboratory (ORNL), the portion of Beverly Harbor adjacent to the Ventron 
Plant described in survey report ORNL/RASA-91/29 is designated for 
remedial action as a vicinity property. The harbor portions of properties 
located at 14, 18, and 20 Cliff Street are not designated for remedial 
action because significant concentrations of residual uranium were not 
found on those properties. 

Based on the referenced survey reports, the following properties are not 
designated for remedial action: 

Address Reference 

2 Cliff Street 
5 Cliff Street 
6 Cliff Street 
8 Cliff Street 
9 Cliff Street 

10 Cliff Street 
12 Cliff Street 
13 Cliff Street 
14 Cliff Street 
15 Cliff Street 
18 Cliff Street 
20 Cliff Street 
30 Cliff Street 

2 Porter Street 
5 Porter Street 
9 Porter Street 

ORNL/RASA-91/23 
ORNL/RASA-91/17 
ORNL/RASA-92/2 
ORNL/RASA-91/3 
ORNL/RASA-91/18 
ORNL/RASA-91/14 
ORNL/RASA-91/24 
ORNL/RASA-91/19 
ORNL/RASA-91/25 
ORNL/RASA-91/28 
ORNL/RASA-91/26 
ORNL/RASA-91/27 
ORNL/RASA-91/11 
ORNL/RASA-91/22 
ORNL/RASA-91/16 
ORNL/RASA-91/15 -. 

9 and 11 Cong,ress Street 
13 Congress Street ' 
15 Congress Street 
17 Congress Street 

Porter Street Park 
34 School Street 
19 Wellman Street 

ORNL/RASA-91/U 
ORNL/RASA-91/20 
ORNL/RASA-9I/EI 
ORNL/RASA-91130 
ORNL/RASA-91/12 
ORNL/RASA-91/9 
ORNL/RASA-91/10 
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ORNL has provided you with copies of the referenced survey reports. 
Questions regarding this designation decision should be directed to 
Alexander Williams at 301-903-8149. 

@ 

~7cIz~ L Ll J, 

ames W. Wagoner II 

y--%&c 

Director 
Division of Off-Site Programs 
Office of Eastern Area Programs 
Office of Environmental Restoration 

. 

!?'Perry, OR 
P. Blom, EM-421 



U.S. Department of Energy 
Wasti~on, D.C. 

ORDER 

/i)0E5400.5 
Z-8-90 

SUBJECT: RADIATION PROTECTION OF THE PUBLIC AND 
THE ENVIRONMENT 

Change 2: l-7-93 

1. 

2. 

3, 

4. 

I 

I 

5. 

6, OBJECTIVES. 

PURPOSE. To establish standards and requirements for operations of the 
Department of Energy (DOE) and DOE contractors with respect to protection of 
members of the public and the environment against undue risk from radiation. 

SUPERSESSION. DOE 548O.lA, ENVIRONMENTAL PROTECTION, SAFETY, AND HEALTH 
PROGRAM FOR DOE OPERATIONS, of 8-13-81, Chapter XI that addressed public and 
environmental radiation protection standards and control practices. 

SCOPE. The provisions of this Order apply to all Departmental Elements and 
contractors performing work for the Department as provided by law and/or 
contract and as implemented by the appropriate contracting officer. 

\ This Order becomes effective 
5-8-90. Within 2 months from thOe date of":&ance of the Order (2-8-90) 
the DOE Field Office Manager shall provide to the appropriate Program Office, 
with a copy to EH-1 for review and comment: a. a certification for those 
areas covered by the Order for which field elements are in compliance: and/or 
b. a request for exemption for areas not yet in compliance that includes a 
Plan for achieving compliance. Within 3 months of issuance, the appropriate 
Program Office will submit to EH-1 the certification and/or the request for 
exemption(s). The compliance plan accompanying the request for exemption shall 
include schedules of activities which will lead to compliance with the 
requirements of this Order. 

POLICY. . It is the policy of DOE to implement legally applicable radiation 
protection standards and to consider and adopt, as appropriate, 
recommendations by authoritative organizations, e.g., the National Council on 
Radiation Protection and Measurements (NCRP) and the International Commission 
on Radiological Protection (ICRP). It is also the policy of DOE to adopt and 
implement standards generally consistent with those of the Nuclear Regulatory 
Commission (NRC) for DOE facilities and activities not subject to licensing 
authority. 

a. Protecting the Public. It is DOE's objective to operate its facilities 
and conduct its activities so that radiation exposures to members of the 
public are maintained within the limits established in this Order and to 
control radioactive contamination through the management of real and 
personal property. It is also a DOE objective that potential exposures 
to members of the public be as far below the limits as is reasonably 
achievable (ALARA) and that DOE facilities have the capabilities, con- 
sistent with the types of operations conducted, to monitor routine and 
non-routine releases and to assess doses to members of the public. 

DISTRIBUTION: All Departmental Elements 

Vertical line denotes change. 

~~JITIATED BY: 

Office of Environment, Safety 
and Health 
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CHAPTER IV 

RESIDUAL RADIOACTIVE MATERIAL 

1. PURPOSE. This chapter presents radiological protection requirements and guidelines for 
cleanup of residual radroactlve mateilal ano management 0rTYne resdtimg-w&tes ano 
residues and release of property. These requirements and guidelines are applicable at the 
time the property is released. Property subject to these criteria includes, but is not limited to 
sites identified by the Formerly Utilized Sites Remedial Action Program (FUSRAP) and the 
Surplus Facilities Management Program (SFMP). The topics covered are basic dose limits, 
guidelines and authorized limits for allowable levels of residual radioactive material, and 
control of the radioactive wastes and residues. This chapter does not apply to uranium mill 
tailings or to properties covered by mandatory legal requirements. 

2. IMPLEMENTATION. DOE elements shatl develop plans and protocols for the 
implementation of this guidance. FUSRAP sites shall be identified, characterized, and 
designated, as such, for remedial action and certified for release. information on 
applications of the guidelines and requirements presented herein, including procedures for 
deriving specific property guidelines for allowable levels of residual radioactive material from 
basic dose limits, is contained in DOE/CH 8901, “A Manual for Implementing Residual 
Radioactive Material Guidelines, A Supplement to the U.S. Department of Energy 
Guidelines for Residual Radioactive Material at FUSRAP and SFMP Sites,” June 1989. 

a. Residual Radioactive Material. This chapter provides guidance on radiation protection 
of the public and the environment from: 

(1) Residual concentrations of radionuclides in soil (for these purposes, soil is defined 
as unconsolidated earth material, including rubble and debris that might be present 
in earth material); 

(2) Concentrations of airborne radon decay products; 
(3) External gamma radiation;, 
(4) Surface contamination; and 
(5) Radionuclide concentrations in air or water resulting from or associated with any of 

the above. 

b. Basic Dose Limit. The basic dose limit for doses resuking from exposures to residual 
radioactive material is a prescribed standard from which limits for quantities that can be 
monitored and controlled are derived; it is specified in terms of the effective dose 
equivalent as defined in this Order. The basic dose limits are used for deriving 
guidelines for residual concentrations of radionuclides in soil. Guidelines for residual 
concentrations of thorium and radium in soil, concentrations of airborne radon decay 
products, allowable indoor external gamma radiation levels, and residual surface 
contamination concentrations are based on existing radiological protection standards 
(40 CFR Part ,192; NRC Regulatory Guide 1.86 and subsequent NRC guidance on 
residual radioactive material). Derived guidelines or limits based on the basic dose 
limits for those quantities are used only when the guidelines provided in the existing 
standards are shown to be inappropriate. 
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c. Guideline. A guideline for residual radioactive material is a level of radioactive material 
that is acceptable for use of property without restrictions due to residual radioactive 
material. Guidelines for residual radioactive material presented herein are of two kinds, 
generic and specific. The basis for the guidelines is generally a presumed worst-case 
plausible-use scenario for the property. 

(1) Generic guidelines, independent of the property, are taken from existing radiation 
protection standards. Generic guideline values are presented in this chapter. 

(2) Specific property guidelines are derived from basic dose limits using specific 
property models and data. Procedures and data for deriving specific property 
guideline values are given by DOE/CH-8901. 

d. Authorized Limit. An authorized limit is a level of residual radioactive material that shall 
not be exceeded if the remedial action is to be considered completed and the property is 
to be released without restrictions on use due to residual radioactive material. 

(1) The authorized limits for a property will include: 

(a) Limits for each radionuclide or group of radionuclides, as appropriate, associated 
with residual radioactive material in soil or in surface contamination of structures 
and equipment; 

(b) Limits for each radionuclide or group of radionuclides, as appropriate, in air or 
water; and 

(c) Where appropriate, a limit on external gamma radiation resulting from the 
residual material. 

(2) Under normal circumstances expected at most properties, authorized limits for 
residual radioactive material are set equal to, or below, guideline values. 
Exceptional conditions for which authorized limits might differ from guideline values 
are specified in paragraphs IV-5 and IV-7. 

(3) A property may be released without restrictions if residual radioactive material does 
not exceed the authorized limits or approved supplemental limits, as defined in 
paragraph IV.7a, at the time remedial action is completed. DOE actions in regard to 
restrictions and controls on use of the property shall be governed by provisions in 
paragraph IV.7b. The applicable controls and restrictions are specified in paragraph 
IV.6 and IV.7.c. 

e. ALARA Applications. The monitoring, cleanup, and control of residual radioactive 
material are subject to the ALAPA policy of this Order. Applications of ALAPA policy 
shall be documented and filed as a permanent record. 

3. BASIC DOSE LIMITS. 

a. Defining and Determining Dose Limits. The basic public dose limits for exposure to 
residual radioactive material, in addition to natural occurring “background” exposures, 
are 100 mrem (I mSv) effective dose equivalent in a year, as specified in paragraph 
Il.la. 
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b. Unusual Circumstances. If, under unusual circumstances, it is impracticable to meet the 
basic limit based on realistic exposure scenarios, the respective project and/or program 
office may, pursuant to paragraph ll.la(4), request from EH-1 for a specific authorization 
for a temporary dose limit higher than 100 mrem (1 mSv), but not greater than 500 
mrem (5 mSv), in a year. Such unusual circumstances may include temporary 
conditions at a property scheduled for remedial action or following the remedial action. 
The ALARA process shall apply to the selection of temporary dose limits. 

4. GUIDELINES FOR RESIDUAL RADIOACTIVE MATERIAL. 

a. Residual Radionuclides in Soil. Generic guidelines for thorium and radium are specified 
below. Guidelines for residual concentrations of other radionuclides shall be derived 
from the basic dose limits by means of an environmental pathway analysis using specific 
property data where available. Procedures for these derivations are given in DOE/CH- 
8901. Residual concentrations of radioactive material in soil are defined as those in 
excess of background concentrations averaged over an area of 100 m2. 

(I) Hot Spots. If the average concentration in any surface or below-surface area less 
than or equal to 25 m2, exceeds the limit or guideline by a factor of (100/A)“.5, [where 
A is the area (in square meters) of the region in which concentrations are elevated], 
limits for “hot-spots” shall also be developed and applied. Procedures for calculating 
these hot-spot limits, which depend on the extent of the elevated local 
concentrations, are given in DOUCH-8901. In addition, reasonable efforts shall be 
made to remove any source of radionuclide that exceeds 30 times the appropriate 
limit for soil, irrespective of the average concentration in the soil. 

(2) Generic Guidelines. The generic guidelines for residual concentrations of Ra-226, 
Ra-228, Th-230, and Th-232 are: 

(a) 5 pCi/g, averaged over the first 15 cm of soil below the surface; and 
(b) 15 pCi/g, averaged over 15-cm-thick layers of soil more than 15 cm below the 

surface. 

(3) lnorowth and Mixtures. These guidelines take into account ingrowth of Ra-226 from 
Th-230 and of Ra-228 from Th-232, and assume secular equilibrium. If both Th-230 
and Ra-226 or both Th-232 and Ra-228 are present and not in secular equilibrium, 
the appropriate guideline is applied as a limit for the radionuclide with the higher 
concentration. If other mixtures of radionuclides occur, the concentrations of 
individual radionuclides shall be reduced so that either the dose for the mixtures will 
not exceed the basic dose limit or the sum of the ratios of the soil concentration of 
each radionuclide to the allowable limit for that radionuclide will not exceed 1. 
Explicit formulas for calculating residual concentration guidelines for mixtures are 
given in DOE/CH-8901. 

b. Airborne Radon Decay Products. Generic guidelines for concentrations of airborne 
radon decay products shall apply to existing occupied or habitable structures on private 
property that are intended for release without restriction; structures that will be 
demolished or buried are excluded. The applicable generic guideline (40 CFR Part 192) 
is: In any occupied or habitable building, the objective of remedial action shall be, and a 
reasonable effort shall be made to achieve, an annual average (or equivalent) radon 
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decay product concentration (including background) not to exceed 0.02 WL. [A working 
level (WL) is any combination of short-lived radon decay products in 1 L of air that will 
result in the ultimate emission of 1.3 x 1 O5 MeV of potential alpha energy.] In any case, 
the radon decay product concentration (including background) shall not exceed 0.03 
WL. Remedial actions by DOE are not required in order to comply with this guideline 
when there is reasonable assurance that residual radioactive material is not the source 
of the radon concentration. 

c. External Gamma Radiation. The average level of gamma radiation inside a building or 
habitable structure on a site to be released without restrictions shall not exceed the 
background level by more than 20 pR/h and shall comply with the basic dose limit when 
an “appropriate-use” scenario is considered. This requirement shall not necessarily 
apply to structures scheduled for demolition or to buried foundations. External gamma 
radiation levels on open lands shall also comply with the basic limit and the ALARA 
process, considering appropriate-use scenarios for the area. 

d. Surface Contamination. The generic surface contamination guidelines provided in 
Figure IV-I are applicable to existing structures and equipment. These guidelines are 
generally consistent with standards of the NRC (NRC 1982) and functionally equivalent 
to Section 4, “Decontamination for Release for Unrestricted Use,” of Regulatory Guide 
1.86, but apply to nonreactor facilities. These limits apply to both interior equipment and 
building components that, are potentially salvageable or recoverable scrap. If a building 
is demolished, the guidelines in paragraph IV.6a are applicable to the resulting 
contamination in the ground. 

e. Residual Radionuclides in Air and Water. Residual concentrations of radionuclides in air 
and water shall be controlled to the required levels shown in paragraph Il.la and as 
required by other applicable Federal and/or State laws. 

5. AUTHORIZED LIMITS FOR RESIDUAL RADIOACTIVE MATERIAL. 

a. Establishment of Authorized Limits. The authorized limits for each property shall be set 
equal to the generic or derived guidelines unless it can be established, on the basis of 
specific property data (including health, safety, practical, programmatic and 
socioeconomic considerations), that the guidelines are not appropriate for use at the 
specific property. The authorized limits shall be established to (1) provide that, at a 
minimum, the basic dose limits of in paragraph IV.3, will not be exceeded under the 
“worst-case” or “plausible-use” scenarios, consistent with the procedures and guidance 
provided in DOEKH-8901, or (2) be consistent with applicable generic guidelines. The 
authorized limits shall be consistent with limits and guidelines established by other 
applicable Federal and State laws. The authorized limits are developed through the 
project offices in the field and are approved by the Headquarters Program Office. 
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Figure IV-I 

Surface Contamination Guidelines 

Radionuclides 2 

Transuranics, l-l 25, l-129, Ra-226, 
AC-227, Ra-228, Th-228, Th-230, 
Pa-231 

Th-Natural, Sr-90, I-l 26, l-l 31, l-l 33, 
Ra-223, Ra-224, U-232, Th-232 

U-Natural, U-235, U-238, and 
associated decay product, alpha 
emitters 

Beta-gamma emitters(radionuclides 
with decay modes other than alpha 
emission or spontaneous fission) 
except Sr-90 and others noted 
ab0ve.I 

Allowable Tofal Residual Sutiace Contamination 

Average= 
(dpm/lOO cm2)l 

MaximumG Removable@ 

- - - 
100* 300” 20* 

1,000 3,000 200 

5,000 15,000 1,000 

5,000 15,000 1,000 

1 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. 

2 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. 

3 Measurements of average contamination should not be averaged over an area of more than 1 m2. For 
objects of less surface area, the average should be derived for each such object. 

4 The average and maximum dose rates associated with surface contamination resulting from beta- 
gamma emitters should not exceed 0.2 mrad/h and 1 .O mrad/h, respectively, at 1 cm. 

5 The maximum contamination level applies to an area of not more than 100 cm2. 

6 The amount of removable material per 100 cm2 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 wiping with an appropriate instrument of known efficiency. When removable 
contamination on objects of surface area less than 100 cm2 is determined, the activity per unit area should 
be based on the actual area and the entire surface should be wiped. It is not necessary to use wiping 
techniques to measure removable contamination levels if direct scan surveys indicate that the total 
residual surface contamination levels are within the limits for removable contamination. 

Z This category of radionuclides includes mixed fission products, including the Sr-90 which is present in 
them. It does not apply to Sr-90 which has been separated from the other fission products or mixtures 
where the Sr-90 has been enriched. 

*Because no values arepresented in this order, FUSRAP uses the values shown based on “‘DO,E 
Guidelines for Residual Radioactive Materials at FUSRAP and Remote SFMP Sites, ” Revision 2, 
March 1987 (CCN 046176). 
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b. Application of Authorized Limits. Remedial action shall not be considered complete until 
the residual radioactive material levels comply with the authorized limits, except as 
authorized pursuant to paragraph IV.7 for special situations where the supplemental 
limits and exceptions should be considered and it is demonstrated that it is not 
appropriate to decontaminate the area to the authorized limit or guideline value. 

6. CONTROL OF RESIDUAL RADIOACTIVE MATERIAL. Residual radioactive material 
above the guidelines shall be managed in accordance with Chapter II and the following 
requirements. 

a. Operational and Control Requirements. The operational and control requirements 
specified in the following Orders shall apply to interim storage, interim management, and 
long-term management. 

(1) DOE 5000.3B, Occurrence Reporting and Processing of Operations 
Information 

(2) DOE 5440.1 E, National Environmental Policy Act Compliance 
Program 

(3) DOE 5480.4, Environmental Protection, Safety, and Health 
Protection Standards 

(4) DOE 5482.1 B, Environmental, Safety, and Health Appraisal 
Program 

(5) DOE 5483.1A, Occupational Safety and Health Program for DOE Employees at 
Government-Owned, Contractor-Operated Facilities 

(6) DOE 5484.1, Environmental Protection, Safety, and Health Protection Information 
Reporting Requirements 

(7) DOE 5820.2A, Radioactive Waste Management. 

b. Interim Storage. 

(1) Control and stabilization features shall be designed to provide, to the extent 
reasonably achievable, an effective life of 50 years with a minimum life of at least 25 
years. 

(2) Controls shall be designed such that Rn-222 concentrations in the atmosphere 
above facility surfaces or openings in addition to background levels, will not exceed: 

(a) 100 pCi/L at any given point; 
(b) An annual average concentration of 30 pCi/L over the facility site; and 
(c) An annual average concentration of 3 pCi/L at or above any location outside the 

facility site. 
(d) Flux rates fromthe storage of radon producing wastes shall not exceed 20 

pCi/sq.m-sec., as required by 40 CFR Part 61. 

(3) Controls shall be designed such that concentrations of radionuclides in the 
groundwater and quantities of residual radioactive material will not exceed applicable 
Federal or State standards. 

GN-0190.DOC I-A-6 



(4) Access to a property and use of onsite material contaminated by residual radioactive 
material should be controlled through appropriate administrative and physical 
controls such as those described in 40 CFR Part 192. These control features should 
be designed to provide, to the extent reasonable, an effective life of at least 25 
years. 

c. Interim Manaoement. 

(I) A property may be maintained under an interim management arrangement when the 
residual radioactive material exceeds guideline values if the residual radioactive 
material is in inaccessible locations and would be unreasonably costly to remove 
provided that administrative controls are established by the responsible authority 
(Federal, State, or local) to protect members of the public and that such controls are 
approved by the appropriate Program Secretarial Officer. 

(2) The administrative controls include but are not limited to periodic monitoring as 
appropriate; appropriate shielding; physical barriers to prevent access; and 
appropriate radiological safety measures during maintenance, renovation, 
demolition, or other activities that might disturb the residual radioactive material or 
cause it to migrate. 

(3) The owner of the property should be responsible for implementing the administrative 
controls and the cognizant Federal, State, or local authorities should be responsible 
for enforcing them. 

d. Long-Term Management. 

. (1) Uranium, Thorium, and Their Decav Products. 

(a) Control and stabilization features shall be designed to provide, to the extent 
reasonably achievable, .an effective life of 1,000 years with a minimum life of at 
least 200 years. 

(b) Control and stabilization features shall be designed to limit Rn-222 emanation to 
the atmosphere from the wastes to less than an annual average release rate of 
20 pCi/m2/s and prevent increases in the annual average Rn-222 concentration 
at or above any location outside the boundary of the contaminated area by more 
than 0.5 pCi/L. Field verification of emanation rates shall be in accordance with 
the requirements of 40 CFR Part 61. 

(c) Before any potentially biodegradable contaminated wastes are placed in a long- 
term management facility, such wastes shall be properly conditioned so that the 
generation and escape of biogenic gases will not cause the requirement in 
paragraph IV.Gd(l)(b) to be exceeded and that biodegradation within the facility 
will not result in premature structural failure in violation of the requirements in 
paragraph IV.Gd(l)(a). 

(d) Ground water shall be protected in accordance with legally applicable Federal 
and State standards. 
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7. 

(e) Access to a property and use of onsite material contaminated by residual 
radioactive material should be controlled through appropriate administrative and 
physical controls such as those described in 40 CFR Part 192. These controls 
should be designed to be effective to the extent reasonable for at least 200 
years. 

(2) Other Radionuclides. Long-term management of other radionuclides shall be in 
accordance with Chapters II, III, and IV of DOE 58202A, as applicable. 

SUPPLEMENTAL LIMITS AND EXCEPTtONS. If special specific property circumstances 
indicate that the guidelines or authorized limits established for a given property are not 
appropriate for any portion of that property, then the DOE Field Office Manager may 
request, through the Program Office, that supplemental limits or an exception be applied. 
The responsible DOE Field Office Manager shall document the decision that the subject 
guidelines or authorized limits are not appropriate and that the alternative action selected 
will provide adequate protection, giving due consideration to health and safety, the 
environment, costs, and public policy considerations. The DOE Field Office Manager shall 
obtain approval for specific supplemental limits or exdeptions from Headquarters as 
specified in paragraph IV.5, and shall provide to the Headquarters Program Office those 
materials required by Headquarters for the justification as specified in this paragraph and in 
the FUSRAP and SFMP protocols and subsequent’guidance documents. The DOE Field 
Office Manager shall also be responsible for coordination with the State and local 
government regarding the limits or exceptions and associated restrictions as appropriate. In 
the case of exceptions, the DOE Field Office Manager shall be responsible for coordinating 
with the State and/or local governments to ensure the adequacy of restrictions or conditions 
of release and that mechanisms are in place for their enforcement. 

a. Supplemental Limits. Any supplemental limits shall achieve the basic dose limits set 
forth in Chapter II of this Order for both current and potential unrestricted uses of a 
property. Supplemental limits may be applied to any portion of a property if, on the 
basis of a specific property analysis, it is demonstrated that 

(1) Certain aspects of the property were not considered in the development of the 
established authorized limits for that property; and 

(2) As a result of these certain aspects, the established limits either do not provide 
adequate protection or are unnecessarily restrictive and costly. 

b. Exceptions to the authorized limits defined for a property may be applied to any portion 
of the property when it is established that the authorized limits cannot reasonably be 
achieved and that restrictions on use of the property are necessary. It shall be 
demonstrated that the exception is justified and that the restrictions will protect members 
of the public within the basic dose limits of this Order and will comply with the 
requirements for control of residual radioactive material as set forth in paragraph IV.6. 

c. Justification for Supplemental Limits and Exceptions. The need for supplemental limits 
and exceptions shall be documented by the DOE Field Office on a case-by-case basis 
using specific property data. Every reasonable effort should be made to minimize the 
use of supplemental limits and exceptions. Examples of specific situations that warrant 
DOE use of supplemental standards and exceptions are: 

GN-0190.DOC I-A-S 



t . 

(1) Where remedial action would pose a clear and present risk of injury to workers or 
members of the public, notwithstanding reasonable measures to avoid or reduce 
risk. 

(2) Where remedial action, even after all reasonable mitigative measures have been 
taken, would produce environmental harm that is clearly excessive compared to the 
health benefits to persons living on or near affected properties, now or in the future. 
A clear excess of environmental harm is harm that is long-term, manifest, and 
grossly disproportionate to health benefits that may reasonably be anticipated. 

(3) Where it is determined that the scenarios or assumptions used to establish the 
authorized limits do not apply to the property or portion of the property identified, or 
where more appropriate scenarios or assumptions indicate that other limits are 
applicable or appropriate for protection of the public and the environment. 

(4) Where the cost of remedial action for contaminated soil is unreasonably high relative 
to long-term benefits and where the residual material does not pose a clear present 
or future risk after taking necessary control measure. The likelihood that buildings . 
will be erected or that people will spend long periods of time at such a property 
should be considered in evaluating this risk. Remedial action will generally not be 
necessary where only minor quantities of residual radioactive material are involved 
or where residual radioactive material occurs in an inaccessible location at which 
specific property factors limit its hazard and from which it is difficult or costly to 
remove. Examples include residual radioactive material under hard-surfaced public 
roads and sidewalks, around public sewer lines, or in fence-post foundations. A 
specific property analysis shall be provided to establish that the residual radioactive 
material would not cause an individual to receive a radiation dose in excess of the 
basic dose limits stated in paragraph IV.3, and a statement specifying the level of 
residual radioactive material shall be provided to the appropriate State and/or local 
agencies for appropriate action, e.g., for inclusion in local land records. 

(5) Where there is no feasible remedial action. 

8. SOURCES. 

a. Basic Dose Limits. Dosimetry model and dose limits are defined in Chapter II of this 
Order. 

b. Generic Guidelines for Residual Radioactive Material. Residual concentrations of 
radium and thorium in soil are defined in 40 CFR Part 192. Airborne radon decay 
products are also defined in 40 CFR Part 192, as are guidelines for external gamma 
radiation. The surface contamination definition is adapted from NRC (1982). 

c. Control of Radioactive Wastes and Residues. Interim storage is guided by this Order 
and DOE 5820.2A. Long-term management is guided by this Order, 40 CFR Part 192, 
and DOE 5820.2A. 
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PREFACE TO DESIGN CRITERIA 

These design criteria have been.written in a generic form that 
sunmsrizes criteria applicabie for remedial action and long-tern 
managertent activities associated with the radioactive wastes at the 

F’DSRAP -and SFWP sit es. Site-specific information is provided’in the 
appendices to this generic document. As a specific scope of work 
for a site is determined, design bases and work plans for each of 
ttie sites will be developed. 

_ _-. 

Appendix A contains definitions of terns used in these design 
criteria and referenced documents. Appendix B provides a listing of 
FUSPAP and SFMP sites by f?BS number and contains estimated waste 
quantities at the sites. Appendix C contains the residual 
contaaination and waste control criteria. Appendix D lists site 
information for specific sites which will be required us a remedial 
action for the specific site is developed. This information will be 

incltided in the work plati for each site. 

The design criteria will be referenced by the designation 
1#501-OO-DC-01. 

These design criteria will be periodically revised, bs appropriate, 
to reflect new practices, additional information, revisions of 
applicable regulations, and standard revisions. 
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1.0 INTRODUCTIOr? 

1.3 SCOPE . 

This document defines the design criteria for the identification of 
materials# evaluation of remedial act ion alternatives, select ion of 
design parameters for site .cleanup remedial actions and interim 

.z. 
storage, and long-term management methods for handling FUSRAP and 
SFMP radioactive wastes. 

1.2 OBJECTIVE -- 
_ +-. 

The primary objective of the Formerly Utilized Sites Remedial Action 
Program (FUSRAP) and Surplus Facilities Hanagement Program (SFMP) 
projects is to stabilize, decontaminate, and/or dispose of FUSRAP 
and SFMP derived wastes in such a manner as to minimize the 
radiofogjcal risks posed by these wastes and to enable certification 
of the cleaned up FUSRAP and SFMP sites for unrestricted future 
use. At- so& sites, remedial action may be in situ long-term 
management with monitoring as necessary to detect any contaminant 
migration from the site in excess of radiological design criteria. 
At other sites, an interim storage program may be established until 
a decision for final disposition is made. 

1.3 DEfINfTIOrJS 

Appendix A contains definitions of terms that are used in these 
design criteria as well as in the referenced documents. 

1.4 CHANGES TO CRfTERfA 

The criteria for FUSRAP and SFHP remedial actions set forth in this 
document are based on elements of v8rious federal order6, 
regulations, and standards that may be subject to change. This 
document will be revised to reflect changed criteria as authorized 
and ‘approved by DOE. 
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2.0 APPLICABLE DOCUMENTS , 

2.1 GENERAL 

The intent of these design crite.ria is to use DOE Orders where 
applicable. Applicable orders , regulations and etandards, and 
sections thereof, as well as industry standards, will be 
investigated on a site-specific basis to formulate the design Qa,ses 

for the specific site. 

2.2 FEDERAL ORDERS, REGULATIONS, AND STANDA%DS -- 
_ --. 

The following federal orders, regulations, and standards contain 
elements that are generally applicable to the FUSRAP and SFMP 
projects, and are summarized for these criteria. 

2.2.1 Quality assurance 

DOE Order..5700,6A--Quality Assurance and DOE/OR-FUSRAP-82-001 

- Plan for Quality Assurance. m The Project Quality Assurance Program, 

complies with DOE Order S?00.6A, and the FUSRAP Plan for Quality 
Assurance (DOE/OR-FUSRAP-82-001). 

For each remedial action site, and interconnecting activities (such 
as transportation), a formal evaluation (Quality Assurance 
Assessment) will be made of the consequences of failure of equipment 
and facilities to perform satisfactorily in service. This 
Assessment, which will be an adjunct to design engineering with 

subsequent modifications as may be required, will give full 
consideration to safety, environment, costs, schedule delays, 
prbgrammatic goals, public reaction I or any other factor inportant 
to achieving project objectives. 

When the formal evaluation indicates that consequences of failure 
may be unacceptable, sig’nificant , or unknown and the probability of 

I failure is high or unknown, additional deliberate actions to find 
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and prevent quality problems’ are mandatory. The additional act ions 
to assure quality of design and engineering, and particularly to 
assure implementation of that design and engineering, will be 
documented using a Quality Action Plan. 

2.2.2 Radiation Protection ~ 

DOE Order 5480.1A. This order establishes’control over t be o , . 

environmental protection, safety, and health protect ion programs. 
Chapter XI, Requirements for Radiation Protect ion, Attachment XI-l, 
defines radiation profection guides for conchtration in air and 
w8ter above natural background which will be used as criteria for _-- 
releases from DOE’s FUSRAP and SFMP operations. Chapter XII, 
Preventjon, Control, and Abatement of Environmental Pollution, 
provides requirements for the control of sources of environmental 
pollution in accordance with the substantive and procedural aspects 
of all applicable federal, statel and local pollution control 
standards, 

DOE Order 5480.2~-Hazardous and Radioactive Mixed Waste Management. 
This order establishes hazardous waste management procedures for 
facilities operated under authority of the Atomic Energy Act of 
1954, as amended (AEA), The procedures will follow, to the extent 

practicable, regulations issued by the Environmental Protection 
Agency (EPA) pursuant to the Resource Conservation and Recovery Act 
of 1976 (RcRA). 

DOE Order 5481.1~-Safety Analysis and Review System. This DOE Order 
establishes requirements for the preparation and review of safety . 
analyses for each DOE operation, including: identification of 
hazards and their elimination or control: assessment of risk; 
documented management authorization of operation; and transportation 
of hazardous materials. 

3 . 



2.2.3 Land Disposal of Radioactive Wastes , 

Elements of the DOE Orders and federal regulations mentioned in the 
following sections provide technical guidelines for long-term, 
near-surface land burial facilities and ancillary facilities. 

DOF Order 6430.1.-General Design Criteria Manual. This order 
contains basic architecturalaand engineering design requirements for 
new D@P facilities: provides technical specification requiremen’ts; 
and outlines planning and design requirement6 for new facilities, 
facility additions I facility alterations , and. building acquisitions 
to achieve economy of-construction, operation, and maintenance. 

40 CFR 1920-Standards for Remedial Action at Inactive Uranium 
Processing Sites. This regulation defines remedial action criteria 
for inactive uranium processing sites. Some elements of these 
standards are applicable to the FUSRAP and SFMP programs. Service 
life of a mill tailings disposal site is defined in this regulation 
and has be-en ad-opted for FUSRAP and SFMP projects., Specific service 
life and release control requirements for interim storage sites and 
long-term management sites are noted in Section 3..2 of these Design 
Criteria. 

2.2.4 Handling, Transportation, and Storaqe 
. 

DOF Order 1540.1.-Materials Transportation and Traffic Manaqement. 
Razardous materials at FUSRAP and SFMP sites shall be shipped in 
accordance with DOE Order 1540.1. This document outline6 DOE’s 
policies and procedures for the management of material6 
transportation to ensure that it is accomplished in a manner 
comnensurate with: 

(1) Operational requirement6 for transportation services 

(2) Established practice6 and procedure6 for .traneportation 
6afety, economy, efficiency, and cargo security 

4 
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(3) The National Transportation Policy as established by 
Congress and cognizant federal agencies 

(4) Applicable federal, state, local, and international 
transportation regulations. 

fntra-building and fntra-site transfers are excluded from the 
provisions of this order. 

DOE Order 5480.1A--Environmental Protection, Safety, and &earth. . 
Protection Program for DOE Operations. Chapter 3 of thi6 Order 

contains safety requirements for packaging of fissile and 
radioactive material.- It also defines the requirements for design, 

cvalu+ion, and testing of containers used for the tran6port of __- 
DOE’6 fissile and radioactive materials, 

49 CFR 17301790-Transportation of Hazardous Materials. These 
regulations specify requirements for bulk shipment6 of uranium or 
thorium ores and physical or chemical concentrations of those ores 
and uranium metal or natural thorium metal, or alloys of these 

3 
r' materials; '- 

. c 

2.2.5 Health and Safety 

Occupational Safety and Health Administration (OSHA) 29 CFR 1910. 
This 6ection contains the health and safety regulation6 for general 
industry. 

Occupational Safety and Health Administration ‘(OSHA) 29 CFR 1926. 
This section establ’ishes the general health and safety regulation6 
for construction. 

2.2.6 Surveys 

Survey6 for characterization and 
in accordance with the following 

remedial action will be performed 
6pecifications. 

5 



National Oceanic and Atmospheric Administration (NOAA). 

0 ‘Classification, Standards of Accuracy, and General 
Specifications of Geodetic Control Surveys’ 

0 ‘Specification to Support Classification, Standards of 
Accuracy, and General Specifications of Geodetic Control 
Surveys. 

0 ‘Manual of Geodetic Triangulation,. ‘Specification 
u Publication No. 247 8 . 

U.S. Department of fnterior tUSD1) ‘Manual of Instructions for the 
Survey of Public Lands of the United States,‘. 1973, Bulletin 6. 

\ . _ .--. 
2.2.7 Weather ' 

National Oceanic and Atmospheric Administration. ‘Comparative 
Climatic Data for the United States through 1982,’ 1983. 

2.3 STATE AND LOCAL REGULATIONS 

State and local regulations governing handling, transportation, and 
etorage of radioactive materials generally follow federal orders and 
regulations , put may vary depending on whether the particular state 
is an ‘Agreement Statem under the Atomic Energy Act of 1954, as 
amended. DOE regulations will be followed, and state and local 
regulations will be reviewed on a site-specific basis. 

A I 

2.4 DESIGN CODES, GUIDES, AND STANDARDS 

The following industry and national codes, etandards, and guides, a6 
applicable, will also 6erve a6 guideline6 for the Design Criteria 
for FUSRAP and SFMP: 

o American Association of State Highway and Transportation 
Officials (AASHTO) 

o American Concrete Institute (ACI) . 

6 
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American Conference of Government Xndustrial Hygienists 
IACGXHI 

American Institute of Steel Construction (AI%) 

American National Standards Institute (ANSI) 

American Nuclear Society (ANSI 

American Petroleum Instithte (API) 

Amer.ican Railway Engiheering Association (AREA) 

American Society for Testing and naterials (ASTM) 

American Society of Heating, Refrigerating, and Air 
Conditioning Engineers (ASHRAE) 

American Society of Mechanical Engineers (ASME) 

American Water Works Association (AWWA) 

American Melding Society (AWS) 

, . 

Institute of Electrical and Electronic Engineers (IEEE) 

Interstate Commerce Commission (ICC1 

Illuminating Engineering Society (IES) 

National Electrical Code (NECK 

National Electrical Manufacturers’ Association (NEMA) 

National Electrical Safety Code (NESC) 

kational Fire Protection Association (NFPAI .National Fire 
Code’ 

National Geodetic Survey (NW) 

National Standard Plumbing Code (NSPC) 

Occupational Safety and Health Standards (OSHA) 

Underwriters’ Laboratory (UL) 

Uniform Building Code (UK) 

U.S. Army Corps of Engineers Dredging Documents 

U.S. Geological Survey (USGS) 
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3.0 DESIGN REQUIREMENTS* 

3.1 GENERAL 

FUSRAP work may involve remedial acticn at a number of sites. The 
currently designated FUSRAP and SFMP sites are listed in Appendix B; 
waste characteristics and estimaied volumes at each site are also 
given. c - 

* . 

Additional sites may be added or deleted with passage of federal 
legislation; therefore, the list of sites may be subject to 
revision. The specific type and quantity of contaminated material 
at each site, as well as geologic, meteorologic, and other site ..+ 
conditions affecting the design and design approach, differ from 
-site to site. 

3.2 RADIOLOGICAL DESIGN CRITERIA 

The proposed DOE Interim Residual Contamination and Waste Control 
Guidelines for FUSRAP and SFMP sites are summarized in Appendix C. 
This criteria should be followed in defining cleanup requirements, 
developing remedial action plans, and performing and verifying field 
remedial actions. 

3.3 SPECIFIC SITE CONDITIONS 

The following information is required for each site and will be 
completed before or during detailed design and engineering of 

_ disposal facilities. 

3.3.1 Scope of Work 

The Scope of Work for the needed remedial actions must be clearly 
defined. This may be initiated with the preparation of the 
Preliminary Engineering Evaluation Report for each site with a 

8 
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Design Basis, or as a separate document. It will be in accordance 
with the waste management plan outlined in Section 3.3.4 of these 
Design Criteria. 

3.3.2, State and Local Regulations 

In consultation with appropriate DOE-OR0 personnel, applicable state 
and local regulations and ordinances-will be reviewed to determine 

2 . 
requirements to achieve compliance with health, safety, and 
environmental regulations. Construction permits and local property 
access agreements will be obtained as required. _- Any permits, 
licenses, or other authorization required by federal, state, or ” -- 
local environmental protection statutes, or any other legal 
authorization& required by DOE, will be obtained by DOE, Oak Ridge 
Operations. 

3.3.3 Site Information 

a . Define the site conditions for each site as necessary for design 
i - . deeis-ions. Parameters that may be needed include the following (see 

Appendix D for detailed requirements): 

o Property surveys, easements, and datum 

0 Water levels 

0 Precipitation 

o Humidity 

o Groundwater table 

o Frost penetration . 

o fee conditions 

o Air temperature 

o Noise levels 

o Winds 

0 Seismology 

9 . 



o Soil and foundation conditions 

o Site historical information (including past and current use; 
as-built design drawings of buried utilities, structures, and 
systems: and existing monitoring systems). 

3.3.4 Waste Characterization 

Complete information on the type,lquantity, and existing disposition 
of the radioactive wastes at.any given site will usually be required 

.a 
prior to initiation of the Preliminary Engineering Evaluation Report 
or detailed design. If data and information in existing reports is 
not complete, or possibly out of date , additional characterization 
survey work may be required. Examples of additional 
characterization, to be planned by Bechtel and approved by DOE on a --- 
site specific basis and according to a predetermined need, include 
the following: 

o Location and depth of buried wastes. 

o Radiological, physical, and chemical characteristics of 
wastes in ponds , under surface water, and/or in groundwater. .- 

o Extent of radiological migration, groundwater flow patterns, 
-and seasonal variations. 

o tIastes/contamination in building structures that may be 
scheduled for dismantlement or demolition. 

3,,3.5 Support Facilities 

The identification of the needed temporary and/or permanent support 
faciliti.es will be made and may include the following: 

0 Security 

0 Contamination control 

0 Structures 

o Equipment 

o Water treatment and control 

10 



0 Utilities 

o Access routes 

0 Monitoring system 

o - Document control 

o Administration 
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3.3.6 Waste Transportation . 

The following facets for transporting the waste materials will be 

investigated as applicable: 
-- 

Waste form and quantity to be transported 

Mode of transportation 

Packaging and control 

Transportation routes 

Local traffic patterns and impact on community. 

11 



APPENDIX A 

DEFINITIONS 

Abbreviations/Terms Definitions 

AEC Atomic Energy Commission 

alpha pbrticle --A positively charged particle emitted from 
certain radioactive material. It*consists “.* 
of two protons and two neutrons, hence is 
identical with the nucleus of the helium 
atom. It is the least penetrating of common 
radiation, hence is not dangerous unless 
alpha-emitting substances have entered the 
body. 

background radiation Naturally occurring low-level radiation to 
which all life is exposed. Background 
radiation levels vary from place to place on 
the earth. 

beta particle A particle emitted from some atons 
undergoing radioactive decay. A negatively 
charged beta particle is identical to an 
electron. A positively charged beta 
particle is called a position. Beta 
radiation can,caus’e skin damage, and beta 
emitters are harmful if they enter the body. 

Bechtel National, Inc. 

A-l 



buffer zone 

CFR Code ‘of Federal Regulations 

Ci Curie (the unit of radioactivity of any 

contamination 

145010OO-DC-01 

A portion of the land disposal site that is 
controlled by the licensee and that lies 
between the disposal unit and the boundary 
of the site. 

-- nuclide, which decays at a rate of 3.7 x 
lOlo disintegrations/second) 

- -- 

The radioactive substance which is not a 

portion of the material into and onto which 
it is now dispersed. 

i -- 
daughter product 

.- The nuclide remaining after a radioactive 
L at~om (parent) has undergone radioactive 

decay. A daughter aton also may be 

radioactive , producing further daughter 
products. 

decontamination The removal of radioactive material by 

chemical or mechanical means from an 
undesirable location and placement of the 
removed radioactive material in an 
acceptable form and location. 

dismantlement The organized manner by which a system or 
structure is segmented into component pieces 
which can be managed. 

A-2 
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disposal 

~ disposal site 

disposal unit 

DOE 

dpn - 
e 

egr 

engineered barrier 

EPA . 

exposure 

.- 

Isolation of waste from the’biosphere with 
no intent of retrieval in a manner which 
does not permit easy access to the waste 
after its emplacement, and does not require 
perpetual maintenance and monitoring. 

, . 
A portion of a land disposal facility which 
is used for disposal of waste. ft consists 

-- of disposal units and a buffer zone. 

For near-surface disposal, a l disposal unit” 
means a discrete portion of the disposal 
site into which waste is placed for disposal. 

Department of Energy 

Disintegrations per minute 

External gamma radiation (gamma radiation 
emitted from a source(s) external to the 
body, as opposed to internal gamma radiation 
emitted from ingested or inhaled sources) 

Uan-made structures or devices that are 
intended to prevent an intruder from 

inadvertent exposure to radiation from 
certain waste or to prevent escape of 
radionuclides to the environment. 

Environmental Protection Agency 

eagnitude of radiation. It is defined and 
measured in terms of electrical charge 
produced per unit mass of air. 

A-3 



FUSFAP 
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Formerly Utilized (MED/AEC) Sites Remedial 
Action Program 

ganma background 
B 

gamma ray 

ground water 

half-life 

health effect 

Natural gamma ray activity everywhere 
present, originating from two sources: I (1) 
cosmic radiation bombarding the earth’s 
atmosphere continually, and (2) terrestrial 

-- radiation. Whole body absorbed dose 

equivalent in the U.S. due to natural gamma ' 

background ranges from about 60 to 125 
mrem/yr. 

High energy electromagnetic radiation 
emitted from the nucleus of a radioactive 
atom, with specific energies for the atoms 
of different elements and having high 
penetrating power; 

Subsurface water in the zone of full 
saturation. 

The period of time required for one-half of 

the original amount of a radioisotope to 
decay into a daughter product. 

An adverse physiological response to 
environmental pollutants. While 
physiological responses include sickness, 
genetic defects, and death, for FUSRAP/SFMP 
one health effect is defined as one death 
resulting from cancer caused by exposure to 
radiation. 

A-4 
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hydrogeologic unit Any soil or rock unit or zone which, by 
virtue of its porosity or permeability or 
lack thereof, has a distinct influence on 
the storage or movement of ground water. 

inadvertent intruder A peison who might occupy the disposal si-te 
unknowingly after closure and engage in 
normal activities, such as agriculture, 

-- dwelling construction, and other pursuits in 
which the person might be exposed to - -- 

radiation from the waste. 

interim storage 

.- 

A short-term disposal having control and 
stabilization features designed to ensure, 
to the extent reasonably achievable, an 
effective life of 50 years and, in any case, 
at least 25 years at which t,ime ultimate 
disposal will be made. 

I intruder barrier A sufficient depth of cover over the waste 
that exposure to radiation by an inadvertent 
intruder will meet the standards for 
protection against radiation specified in 
DOE Manual 5820.1 and in 10 CFR 61, or 

land disposal 
facility 

engineered structures that provide 
equivalent protection to the inadvertent 
intruder. 

The land, buildings, and equipment which are 
intended to be used for the disposal of 

radioactive wastes beneath the surface of 
the land. 

A-5 
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long-term management A form of ultimate disposal and storage 
involving near-surface burial of FUSRAP and 
SFMP radioactive wastes. Includes 
monitoring and corrective action, as 
necessary, to ensur.e that contaminants are , 
not migrating from the site in excess of’ * 
design criteria, and an institutional 
control period not less than’that specified 

--iq 40 CFR 192. Control and stabilization 
Wm. features are designed to ensure to the 

extent reasonably achievable, an effective 
life of 1,000 years and, in any case, at 
least 200 years. 

ISA 

umhos/cm 

uR/hr 

nE/hr 

mrad/hr 

>?ED 

nho 

I!PC 

Low Specific Activity - A class of 
radioactive material as defined in 
49 CFR 173.389(c). 

Micromhos per centimeter (log6 nho/cm) 

Microroentgens per hour f10°6 R/lx 1 

Milliroentgens per hour (loo3 R/hr 1 

Millirads per hour (10 ;3 rad/hr 1 

ljanhattan Engineer District 

A unit of electrical conductance, the 
reciprocal of electrical resistance. 

Maximum permissible concentration as defined 
per 10 CFR 20.103. 

A-6 
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near-surface disposal 
facility 

A land disposal facility in which 
radioactive waste is disposed within the 
upper 15-20 meters of the earth’s surface. 

FEPA 

NRC Nuclear Regulatory Commission 

Rational Environmental Policy Act 
, . 

nuclide -- 
A general term applicable to all atomic 
forms of the elements: nuclides‘oomprise all 

___ 

the isotopic forms of all the elements. 
Nuclides are distinguished by their atomic 
number, atomic mass, and energy state. 

pCi /1 

R 

rad 

radioactivity 

Picocurie per liter (LO-l2 Ci/lI 

Roentgen (a unit of exposure to ionizing 
radiationt. It is that amount of gamma or 
x-rays required to produce an electrical 
charge that is numerically equal to 2.58 x 
10D4 coulombs/kg. 

The basic unit of absorbed dose of ionizing 
radiation. A dose of one tad means the 
absorption of 100 ergs of radiation energy 

per gram of absorbing material. 

The spontaneous decay or disintegration of 
an unstable atomic nucleus, usually 
accompanied by the emission of ionizing 
radiation. 

A-7 



14501-OO-DC-01 

v 

radioactive decay 
chain 

A succession of nuclides, each of which 
transforms by radioactive disintegration 
into the next, until a stable nuclide 
results. ’ The first member is called the 
parent, the intermediate members are called; 
daughters, and the final stable member i’s 
called the end product. 

radon 

radon background 

.- 

radon -daughter 

remedial action 

rdc 

-- 
A radioactive, chemically inert gas having a 
half-life of 3.8 days (radium-222); formed *~. 
as a daughter product of radium (radium-226). 

Low levels of radon gas found in an area due 
to the presence of uranium or radium in soil 
and building materials. 

One of the several short-lived radioactive 
daughter products of radon. (Several of the 
daughters emit alpha particles.) 

Steps and processes that are undertaken to 
physically identify, decontaminate, 
stabilize, or otherwise provide long-term 
management of radioactive materials to 
permit certification for unrestricted public 
use of the area or site. 

~Radon daughter concentration (the 
concentration in air of short-lived radon 
daughters, usually expressed in pci/l; also 
measured in terms of working level (WL). 

A-B 
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rem 

site closure and 
stabilization -- 

SFMP 

surveillance 

WL 

14501-00-DC-01 

Roentgen equivalent man. The unit of dose 
equivalence for all types of ionizing 
radiation which expresses the effectiveness 
of the absorbed dose on a common scale. The 
rem is the basic unit used to record the 
accumulated dose equivalent to personnel-, 

Those actions that’are taken upon completion 
of operations that prepare the disposal site 
for custodial care and that assure that the--’ 

disposal site will remain stable and will 
not need ongoing, active maintenance. 

Surplus Facilities Management Program 

Observation of the disposal site for 
purposes of visual detection of need for 
maintenance, custodial care, evidence of 
intrusion, and compliance with other license 
and regulatory requirements. 

Working level. A unit of radon daughter 
exposure, equal to any combination of 
short-lived radon daughters in 1 liter of 
air, that will result in the ultimate 
emission of 1.3 x 10’ MeV of potential 
alpha energy. This level is equivalent to 
the energy produced in the decay of the 
daughter products that are present under 
equilibrium conditions in a liter of air 
containing 100 pCi of radium-222, It does 
not include decay of lead-210 (220year 
half-life) and subsequent daughter products. 
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WBS NO. 
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Working Level Month - An exposure to a 
one-WL concentration for 170 hours per month. 

Work Breakdown Structure identification 
sequence number designated by DOE. (Fee 
Appendix B for list of identification 
numbers for the specific sites.) 
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MI 
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no 

WA 
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Ai tpllt t 

4 ?‘l~nt 
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48,000 

Co*plttcd 

mr-2045, 2061, 
2074 

Radium-226 b 4 

radium-226 31,000 II 1.4 DOE/t?!-0005/20 

rrniua-226 - 
bAdlur 331 s7,ooo 

3.5 DUNN-0005/I 
10.5 
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APPENDIX C 

U.S. DEPARTWiT Of E?4EWf 6UfDfIJUES 
FOR RESIWAL RADlOACTfVITY AT 

FOCWEkY UTILIZED SITES REMDIAL ACTION ?ROGUM 

RErOff SURPLUS FAMW?!kNAG~E~ PROGRAM SITES 

I 

-- 
jR8W. 1, July 1985) 

- -- 

A. INTRODUCTION 

This documtnt prtttnts U.S. Dtprrbtnt of Enqy (DOE) trdfotogicrf 
ptottction guidtljntr lot cleanup of nridurl tadiortt4vt irttrlrl$ and 
rrnrgtmtnt of tht tewtting wrtttr and nsiduts. It It ipplkrble to site, 

- 4dentIfftd by tht Fomtrly Utilized Sites Rtbtdirl ktton Pregtu (FUSUAP) and, 
mutt tfttr 'Idtnt4ttQd by tht Surplus Frcllit(ts b8gtWMt ?togru (SfHP).* 
tht topjo covtttd we brsic dose IbIts, guidtllnes and ruthwired l$mits lot 
l ltOV8b1@ ‘ItvCtS Of teSfdu81 trdiO8Ctivity, 8l‘bd t~qUhnt!ItS fo? COntrOl of 
the ridforctivt waster l d restdues. 

. 

botocolr tot ?dentttikitiOf!, Chit8C%WiZ8tiOn, and hignrtion Of FUSRAP 
sitts lot ttntdirl 8ction; for @ltmtntit(on of the ttndlrl retfoR; l d tot 
cttt~t~crt(on of 8 FUSRAP sitt for nltrrt for unrestricted use 8m given in 8 
wp8rrtt docrrvnt (U.S. Dept. Enttqy 19-M). )Son dtW1ed %ntorution on 
rppticrtfons of the @delinet pmsented herein, hchdhq pmceduns lot 
cktivjw Sit*-speC$tiC @~~dt\hW to? 811ovrbh ItVtlt Of F8S(&i8\ ?rdtO- 
activity frea basic dost lirlts, is contafntd in 8 silpplemntry docrernt- 
ttfttnd to fwrln IS the l r\rpplementm (U.S. Dtpt. Energy lm). 

, 
‘Rttfdurl trdioaCt%f%f iftCtudtS: (1) tddu81 tonctntt8tkmt of rrdb- 

@uclidet In soil utttf81,m (2) COMU'btt8t~OBS Of 8irb.W r&n dOCry 
products, (3) extetnrl m tadiatien ltvtl, (Lbd (I) Surface corrtrirution. 
A l b8SiC dose 1Wt” is t prercttbed strhdrrb ft# vhtCh thitS for qu8ntftbs 
t)rrt cm be mnitorvd l d controlled 8re dtrfvtd; it ii sptc$fled in ttmr of 
tht ttftctivt dort l quiv8lent 8s detimd by the ~fttetmtioml CmIss4on on 
~8diOlOgk81 Protection (SCRP 1977, x978). 88SqC &St tirjtr we urtd 
txplicitly fat dtriv$ng~ guidetfnts for trs~dur'l COnCtntt8tiOns of rrdio- 
nuclider 4n $041 utttirl, exttpt fot thotirm rnd trdfu. Cui&l~Ms fat 

*A ttmott SFMP rfta is ont thrt is tactlf to DOE PWtrmrtic needs l d $t 
‘locrttd outsidt 8 m8jOt opar8ting DDE ttSt8tCh 8nd dtvtlopmtnt Or ptoduction 

.8ft8. 

l “fht ttrm *soj\ UtWb\’ ttfttr t0 811 a8ttti8) btlow Qt8dt ltvtl 8tttr 
ttmtd<8\ 8CtjOn iS Collptctttd. 

r-l Rev. 1 
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nSldu81 Concentt~tiona if thotiu rtbd rrdirr; rnd for the other three qurnt+ 
tits (bltbot~ p8don dtc8y products, extetn8l ga4 t8dfrtion 1~01, rnd 
Wtfrct COntmlwtiOn) rn b&red on txistihg t8dlologlot )?ottctbn skhbrrds 
(U.S. Ewiron. hot. @envy 1983; U.S. Uuct. Reg. Cm. 1W). thw rtrndrtes 
8tt 8ssumU to be consistrnt uith basic dew \irfts rlthin th8 uncetkinty of 
fitivrtions of 1~1~ of nsidurl ttdjorctivlty flw brh llrik. 

4 *gu~dtUm" for tesidwl t8diorctivity fs 8 tevet of tesibur~ ?8dfo- 
4ctfvity thrt 4s rcceptrble If iht use of the site (8 to bt wtsttictod. 
CuideUnes lot residurl trdiorctfv4ty ptetenttd htttn m of tam Mnds: 
(1) genetic, site-itipendent guidelines trktn fr# existing tadirtion protee- 
tion strndwds, rnd (2) site-sptcWc guldelints dwived ftam brsic dose 
limits using site-sptcfflc aodtls and drt8. Gtne?t(c guidel4nt vrlues 8to 
presented in thb docslnt. h’octdutts rnd drk for deriving sh-spec4fic 
guideline vrluts 8te gIvtn 4n the supplement. " .- 

h '8uthorfttd limit@ 4s a level of tts(durt trdiorctivity thrt oust not 
bt txcrcdtd if the remdirt action 4s to be constdcted cmpltttd. Under 
ftt-tl C~tCUKtSt8nCt8, expected to occur 8t most Sites, 8tihorittd 'Ilmits for 
nridurl t8diO8ttivity 8rt Stt tqu81 to guideline ~81~tS. Exceptional Condi- 
tions fof which ruthorized 1Zmlts might dQfftt ftom gufdtline vrlues ate 

l speclfltd 4n Sections 0 rrrd F. A site my bt nlrrstd for unnstticted use 
Only If the ttsidurl t8diQrCtivity dot8 fbOt txc'od guidtlint Vt~uts bt tht 
tiDe rtmedir'l rction 4s corpleitd. Restrictions rnd controls on use of tht 
Site must be cstab\~shtd 8nd enforced If the tesidu8t t8d~O8CtiV~ty exceeds 

The rpplicrblt controls rnd nsttictions rn 8paclfIed In 
s 

DOE policy ttquirts thrt 811 exposures to trdfrt~on be lirltwl to levels 
that art IS low as, tersonrbly rchltvtblt (AURA). - Iqhmntrt~on of AURA 
policy 1s specified 8s procedures ta be rpplltd rfkt ruthwfted llrik have 
been set. For Wts to bt nltrstd lot unttstticttd u&e, the lnknt is to 
reduce rtsidual t8dfO$ctiv~ty to 1tvtlS thbt 8rt 88 f&t ktW 8UthOt~t@d 
ltaits $8 Ft8SOrwb\t ContfdtttfkQ technkrl, UOnoliC, ud SOCi8\ tbCtM%. At 
Sit.88 Uhtn th tMidU81 rrdiorcttvity iS fWt trdKtd to 1tVt'lS thbt $Odt . 
trltrse for unnstrictrd use, AURA pollq 1s Irpl~ntad by l strbllshing 
controls to reduce exposun to levels thbt 41% 4s lor u 4s nrsorably 
rchitvrblt. ?rocedunr tot 4qlemntIrrg AURA policy wt desc?Ned jn the 
rupplemtnt. AURA policies, proctdwts, 8~4 rctions must bt 6ociunkd rnd 

. tOed 8s 8 ptruntnt -cord *on complttlon of -dirt action rt 8 site. 

B. BASIC DOSE ~IusTs 

The b8tic lbft for the rnnutl tid(rt+on dose rtctfved by 8n IndSvCdurl 
eembtt of tht gtnerrl publk Is SO0 rttmiyr for 8 period of l xposun not to 
txcetd S yews rnd m 8vtt8ge of 100 rttl/yt over 8 lifetim. Tht comitttd 
effective dose tquivrlrnt, ts defined In ICRP Publicrtion 26 (ICRP Z977) rnd 
trlculrttd by dosimety modtls dtwfbtd fn SCRP Publkrtjon 30 (ICRP 1978). 
shrtl be urtu for aettm4nfng the dose. 
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GUSOELIUES FOR NSfDWt UDIOACtIVfPr 

hidu81 U8dfonuclidts ffi So11 Uttti81 

ktidubl conctnttrtions of tbdibn~lide8 In soil Db~tib~ shall be sptcf- 
fit6 8s bbovt-bickground COnwW8tfOnf 8vet8g$d Over M &ml Of 100 ti. 
th fenCtntt8tion in my 8~8 $8 found to tatted tfw rvttrge by a fbctor 

If c 

? 
rtrttt thbn si ~uidtlIms foi lowI concenttrtions rh811 also be 8ppliCbblt. 
htSt %t 8pOt' QUidtlihtS depend on the Uknt Of thr 8ltVbf86 \OCb\ Consen- 

trrt~ons bnd ate Oftron in the suppleaent. 

The genttZc guidtlfrrcs for tesidu8l conctnttbtions of Th-232, th-230, 
R8-2% bnd 880226 8~: - -- 

4 

- s pcb'g, bvetbged over th first 14 0 Of Soft belou th surf&t 
- 15 ptt/g, bvtt8gtd Ovtr U-clr-thiCk t8yttS Of SOi1 Bore than 
’ 15 cm bltluu th sutfrct 

hst guidtlhws trkt into 8CCOu~t lwrovth of R8,226 ftem Th-230 bnd of 
ffr-228 from Th-232, 8nd ISIUIC secutrt equtlibtira. ff elthet Th-230 $nd 
88-226 of Th-232 rnd RI-228 art both present, not fn secular tqull(brim, the 
guidclQws bpp1y to tht hightt COntentt8:iOn. If Otht 8iXtuteS Of t&d+ . 
nuclidtt occur, the conctnttrtionr of individual r8d~onusliUes shrll be 
reduced -so M&t the dose for tht rixtutts till not l xcted the b&tic &t 
lfmft. fxptktt fO-ul8S fOt t8kUlbtt~ ?WtdU81 COWenttbt~On guidelihcS 
fot’m$xtutet ire glvtn In t& supplement. 

The gufdtlints for ttsidurt conttntt8t~ons in ~041 l ttt~81 of 811 other 
rrdionuclidt~ shbll be dttlved ft#~bbr~c dose limits by m&n% of an envirqn- 
8tnt81 .p8thr8y bn8lySb Ufihg Sitt-Specific drk. hncedures for &riving 
thtst pldtlhts b?t ghtn In th SiJppbDMt. 

c.2 Alrbornt n8dOn DtCly hoducts 

Shbll 
knttfc guidtlims for Corutntt8tiOnS Of 8ltbomt r&don &by pmdwtr 

bpp1y to txiSthg @CCUpied Ot habitable St?UCtWtS On $riVbk property 
thbt bft intended for onnstticted use; StmctimS t)ut till be daml~shd or 
buried we excluded. thr 8@plkbblt gemtiC gufdrlf~ (a CFR l92) 4s: In 
my OccIpoItd at R8bttbblt buildbg, t)si.obj@Ctlvt Of ?tmtdfbl rction rhrll be, 
rnd ttrsonrblt effort still be wdt b &Chftvt, 4n 81~81 ivet8ge (or 
l qu(vrltnt) radon dtcby pm&Et CorUtntt8tbn Cl~ludIng brckgmmd) fbot to 
txcttd 0.02 a.* In any C&St, the t&don dtC8Y Pm&t ConcenttrtIon 
(including brckground) shall net txcttd 0.03 a. htdibl btt4ons 8rt not 
ttquQred 4n order to comply with th$S guideline dwn thttt 4s nrromblc 
8SSufbnCt thbt ttSidu8l trd~orctfve 8tttti8'lS 8Ft fHt th C&US*. 

c.3 txttrnrl c8tm8 Itrdi8tiOn 

The &Vet8gt level Of g8lanrr ?8di8tiOfI Instda 8 biIflding or hrbftrble 
structure on a s$tr to be ttltrsed for unrestricted ust shall not txcted the 
brckgtound level by mote ttb8n.20 yRlh, 

*A uortfng level (UL) is ‘my coabinrt~on Of ‘short-lived trdon’dccry ptodocts 
in one liter of rit thrt rZl\ ttsujt in tht ulti88te nirtion of 1.3 x 10" WY 
of potrntfrl alpha energy. 



? 
: 

t.4 Swfrce tontufnatlon 

h fo~bdfq Qmetic Quidetines, 8dapted from stmdr~ds of the U.S. NUc'leSt 
@Whtoy tods~~on (1982). rre.rpplicrble only to rxfrtlng structures and 
W~gltnt that dl not be drmeM8hed and buried. They apply to 60th jnttrior 
and extttior rUttrees. St 8 bulldhg $8 demolfshed 8nd butled, Me QuidtliwS 
Ifi Stctfon t.1 8fe 8ppllcrble to tht nsultbbg conkrtnrtion in tht ground, 

Allwrbte fokl Residurl Suttrcr 
Contmtnrtion (dPn/lOCJ clllt)tl 

AverrgtP ,V Uaxl:rmt4,t8 ~movrblet'.t~ 

Ttmsuranics, 11~226, US-228, 
tk230, fh-228, h-231, AC-227, 
I-125, S-129 

--- 
- -- 

100 300 20 

Th-?Mml, Th-232, St+, @8-223, 
Rr-224, U-232, I-126, I-131, I-133 1,000 3,000 200 

U-Natural, U-235, U-238, and 
l 8ssocirted dtcry products %oooo We 1,oooo 

l!ktr-guar esitters (trdionuclldts 
with decry lodts other than r'lph8 
emission or spontrneour fisslon) 
8XCtet ST-90 8nd others noted 8bOVe 3 mw-r 15 mwY 1 ,ooop y 

t1 As used in this table, dpr (disinttgtations ptt 8huk) mtrns tht ?rtt of 
l miSSbn by rrdiorctivt uttrirt 8s dekrwined by cotfutifq the counts 
Ptt l inUtt Dt8SU?td by' &I? 8#WOpti8k &kCtW tot b+CkQT'ound, rtticiency, 
8nd gtcmettk factors rsst~f8kd 4th the instrkmtntrt~on. 

f' Vhem Su?ftCt COntdMtbn by both 81ph- 8fbd bttP~-aitt~~ ?8db- 
nuctldes exists, the tlmlts 8skbllskd for rlptw 8d beta-pus-uitting 
t8d~OwCl cd0 should rp9ly tndepehdently. 

ta )IcSSUFt@tntS Of 8Vet8v COnt8#iMtiOn ShOU'ld Mt bt 8vtt8Qed over 8n 8?ea 
Of Bore than 18% for ObjUtS Of t@SS 8Urf8CS 8rJ8, the 4V@t80( should 
k ‘derived for mCh such object. 

t' the rvttrgt uld UxfrU dOSt ?ittS 8SSOCi8t+d dth SUrf8Ce contm~nrt~on 
teSultIng tmm kk-gema rM8ts Should not exceed 0.2 mad/h u1(1 
1.0 l r8d/h, nspectively, It 1 0. 

ts yo; ma$wa contub8t(on tevtl 8ppljes t0 rn 8rt8 of not eort th8n 
. 

t6 Tht ubount of remvab'lt t8dforctivt uttt~rl pt? 100 cat of surtrct 8rt8 
should bt dcttmhtd by w(phQ th8t 8rt8 with dry filter or toft rbsorbent 
p8perr 8pplyZng modtt8tt pttSSu?t, and H8Sut~ng tit amount of rrdiorctivt 

- mttrf81 on tht uipt with rn rppmprirtt instrmtnt of know efficiency. 
Uhtn ttmoviblt contuinrtlon on objects of sutfrct 8rtt less thrn 100 cm2 
CS dtttmintd, tht rctivjty ptt unit 8tt8 should be brred on the ac.turl 
area l d the entirt sutfrct should bt riptd. Thr wbtrs 4n this column 
(Ire saximum amounts. 
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0. WTnORlZtD tIUltS fOR UffIWAL ~IOACTIvlT'f 
0 

fhe rrdf8l rction MM1 not be considered c#plrte m?rsr the tesidu8l 
rrdiorctivity 1% below 8uthotiZed tirits. Authot1ted lidtt Sh8tl k Set 8qu81 
t0 Qu,idelinrs tot nsidwl t8diO8Ctivity unless: (1) exCeptiOn sptcttird in 
kction F of this docurnt 8te 8ppticabte, 4th rhkh C8st rn lutbt(28d tirit 

. Uy h Set 8bove the quldeline vrlue tot the spec~t~c bertion or tondlt4on to 
which tht 8xCeption it applic8blt; or (2) on tht b8SiS Of Sit@-Specific data 

J not used in est&llshicrg the gui$e\im, It cm be clertly estrbllshed th8t . 
tbitt below the gufdtllnes me nrrofable and c8n be 8ch~tWU dthout 
8PPmC~8ble iI’bCte88e in cost of thr, rurdirt aCtion. ktho?~l@d tb~t, &8t 
differ frOa guidtlints must bt justified rrul establis?ud on I Site-specific 
brsfs, with documntrtfon that must be QUtd 8% 8 pttw%ntnt record upon cow 
PlttfOn Of te#dirl 8Ction 8t 0 S+te. AuthotireU tirits diftrrhg fr# the 
gutde\intS must be 8ppmfed by the Dinttot, 08k Udgt TeChnk81 Services --- 
DivfslOn, for FUSW rnd by the Dfrecctor, Richlrnd Su~lus f8cIlltie8 Mnrgt- 
Dent ~rogm Offict, for teaott SFRP-with concurrtnct by the UWctor of 
htdi81 Action Projtcts tot both program. 

E. CONTROL OF RESfWAt RADIOACTIVITY AT FUSRAP AND IlEBQtE SFUP SITES 

.- 
i 

c 
SfttS 

bSidU81 t8diO8Ctktty rbovt tk guidtlhtt 8t FU3UAP l nd ?UOtr SF!@ 
must bt unrgtd 4fi recordmet wfth ipplfC8bf$ WE b$r?s. the DOE 

Otdt? 548O.U rtquittr ccuplirnct UWJ 8pplkablt fedttrl, strte, l d 10~81 
rnv~ronment8l protectton Strf?d8rdS. 

-The optrrtionrl md control nquhatnts sptcified 4n the following DOE 
Ordtrr shall apply to inttiir storigt, inttrim unrgtunt, ad long-ttrr 
aanrgtwnt. 

l - WO.U, frgleaentation of tbt titionrl Envtremenkt ?olky Act 

b. 518o.U. Envimntntal ?mkction, kfrty, wbU !krlth hottctfon 
?tOQ?U fOt #)E &W8tiOlU 

C. 542X1.2, 4&28?$OU$ 8hd It8diS%tiVt Ilixad VItt@ )ClM#Unt 

d. w80.0, fnvt?%mentrl ~totKt~On, kttty, 8d ?@81th hottction ' 
SktrdrtbS 

a. %%2.U, Envltarmntal, tittty, 8nd )(lrilth &p?ris81 bg?&m 

t. 5483.1, 6CCilp8tiOMj ktety 8rd !k81th ?t'UQ?U to? &Vt?mnt- 
Owned Con~trctor@tP8ted taCt’litft% 

09 SU4.1, fnvitormental kM.ection, kfcty, 8d Ntrlth Protection 
Informrt$on Rtpotting kquirtnents 

h. S84.2, Unusual Occurttnce Rtporti* SYStU 

j. 5820.2, Rrdto8CtiVt UIftt )(rn8gt!=flt 

L.1 Inttrh Storapc 

8. Control and stabflfrrt2on ftrtunr rh811 be dedgntd to tnsurt, 
to tht l xttnt nrsorably rchftvrbk, tn tfftctjvt lift of 
50 yt8?$ and, jib 8y C8It, 8t tt8St 25 Y-?S. 
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b. &ove*brckgrovnd h-222 comontt8tioM In the rtirphere rb0~8 

frclllty sutf8ces or openbgs Hi811 not excnd: (1) 100 p&L 
8t 8ny given point, (2) an mwrl 8verrw conrntrrtlon of 
30 pWL over the f8clllty site, and (3) en mu81 werrgt 
concrntrrt<on of 3 pCI/L et or above my locctlon outsldr tht 
frcWty sltt (WE Order wo.lA, Attectmtnt X1-1). 

C8 tonmtrrtlonr of radlonuclUe8 ln tht Qrouhdvrtrt or qurnttti,es. 
Of rtridual trdlorctlvt uteti8lr shall not weed l xlstlng 
fedwrl, state, or 10~81 skndrrds. 

d. Access to 8 s(tt shrll be controlled 8nd misuse of onslte 
l terfrl corit~i~,~fed tr r~rldu81 rrdloectlrlty shall be 
prevtnttd through appropriate rdmfn~strrttve controls and 

ST- physic81 barriers--8ctivt rnd p8sSivt contmfs 8s descrfbed by 
tht U.S. fnviromtntrl Prottction Agtncy (1983-p. 5%). Thert 
control ftaturts should bt dtslgntd to ensure, to tht txttnt 
rtasonable, an efftctfve We of 8t ltrst ZS yews. The frdtrrl 
govtrmtnt stall hwt title to the proptrty. 

. E.2 httria hncqtwnt s 

8. A sftt uy bt rtltrsed undtr fntertr management when the rwldual 
- r8dtorctlvlty excttds guldtltnt vrlues 4f tht nsldutl radio- 

rctlvlty is tn lnrccess~ble locations ihd vould be unnrsonrbly 
- costly to rmve, provldtd that rdaMrtrrttvt controls we 

estrbl Mtd to ensure thrt no member of the public shall 
rectlvt a rrdfrtlon dost excttdlng the brslc dose 'Ihit. 

‘b. Tht idm~nistrrtive contmls, 8s approved by DOE, thrll lncludr 
l but not be l!rtted to periodic monitoring, approprirk shielding, 

physlc81 barrlets to prevent wcess, and 8&qmprirte trdlologlcrl 
safety msums durjng ~intenance, renov8tion, dmolltton, or 
other rctlvlties thrt l fght disturb the rtsldual rrdlorctlvIty 
or ceust It to 8igrrte. 

c. The wner of tJbe stte or rppropr4rtr fedwrl, state, or 10~81 
wthorltles stall be mponslblr for Worthg the ahtrdstrrtjve 
contmls. 

E.3 _Lonq-tern ?ha~nt 

Urrnta, fhorCm, 8nd Their Otcry Products 

8. Control 8nd strbl~~rrtlon ferfurts Sh811 k dtsfgned to l nsurt, 
to tht l xttnt nrsonebly rchievrblt, m effectha \$fe of 
1,000 yews l d, $n any c8se, rt ttrrt 200 yerrs. 

s b. Control rnd strbtltrrtton (trturts shall bt dttlgned to l nsurt 
th8t In-222 emrnrtion to tht rtmorphtrt frm tht vrstc shall 
not: (1) exceed rn rnnur\ 8uttcrgt ttlerst r8tt of 20 pCI/m*/s, 
m-d (2) tncrttst tht annual rverrgt h-222 conctntrrt4on et or 
ebovt my bC8t~on outsfdt tht boundry Of tht CORt8lRtn8ttd 
8rt8 by mart thrn 0.5 pCi/L. fltld vtrificrtion of emanation 
trtes is not rtqulrea. 
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Prior to plrcemtnt of my potentlrlly btodrg~rdrble contul- 
Mted r8StOS fn 8 longlt@m 88fi8Q@Wnt frciltty, Such W$st#S 
Shell be properly conditlomd to enswe thrt (1) th8 @meratIon 
rnd l scept of blogtnk gtses will 8ot muse the raqulrement In 
P8r8W8Ph b of this sectjon (E.3) t@ be exfeeUe& ad (2) bto- 
degr~deilon within the f$Ctl+ 
rtructurrl frllure In vlolrtlon 
gmph 8 of tht8 section (E.3). 

~111 mt mutt in prurture 
of the reqdrments 4n 98~8~ 

Grouadwrter shall be protected 
f92.20b)w bnd 192.20(8)(3), 
remote SFCIP sltw. 

-- 

tn aCCo?d8Me with 10 CFR 
8s QpltC8bh to FUSW 8nd 

Acctss to 8 site should be controlled 8nd rtsust of onslte --- 
wttrt81 contratrmttd by iwldu~l ?8dtO8CttVtty should be 
preventtd through 8ppPOpti8tt $b~f'IiStr$tiVe CO?itrOlS 8nd 
physlcrl brrrters--8tttvt 8nd prtrivt COntrOlS et dtscrlbed by 
the U.S. fnvtrombtntrl Prottttion Agtncy (1983-p. 395). Thert 
controls should bt btrigntd to bt effectfvt to the extent 
rtrson8ble for et ltrst 200 ytrrs. 
shall h8vt title to tht ptoptrty. 

tht ftdttrl govtrmtnt 

Otter Radfonuclldts 

f. - Long&m unrgtmnt of othtr t8dfonucltdtt shill be In rccordrnct 
wjth Chrpttrs 2, 3, 8nd b of 001 Order 5820.2, IS rppltclble. 

f. fxcEPr?aws 

ExcepMons to the requfrutnt thrt ruthorlred lf8its bt set equrl to the 
gutdeltnes uy bt mdt on the b8SiS of m uutysls ef stk-sptclflc aspects of 
8 dtrtgnited stk #rt were not taken into wtount In dertvtq the guldell~~. 
Eatoptions nqulrt approvals l strUd in Section D. Specific rltutlons that 
wrrrrrnt exceptions 8re: 

8. tlherr reatdtrl rctjons weuld post 8 clerr 8nd p+rsant tisk of 
lnjwy to workers or aeW8rs of the gerwrl publk, notujt)r 
rtandlng nrsonable m8tures to rvofd or educe risk. 

b. Where nndlrl actions-even rfkr all nrsonrble l tttgltjve 
measures have been kkerr-uould produce envlrontntrl hrm mt 
1s clerrly txctSSivt tolap8Wd t0 #it htrlth benefits to girrsons 
living on or new rffettrd sitts, mow or In tht tutum. A 
clerr exctss of l nvlronwnt8l hm 4s hara thrt Is toibg-km, 
l rnlfnt, rnd grossly dlsproportionrte So heelth brntfjts tht 
l 8y rtrsonrbly be mtkipated. 

C. Vhtrt the cost of tttttd~rl rettons for rontm~neted $031 1s 
unreasonably high nlrtivt to kg-farr btntfits rnd uhrn the 
ttSidu81 t8diO8CtiVt Uttd8lS & fbOt post 8 Cjtlf PrtSent or 
future risk rfttr trking ntccsray control mttsuns. Tht 
l$ktllhood thrt buildings wtll be treeted or that people ~$11 
spend long ptriodt Of tht rt tuth 8 %ftt Should be considered 
in tvrluiting this risk. Rtatdirl actions will ~tntrrtly not 
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be fwrssry U)Wfe only rfnor qurntftfes 6t fesidurl trdfw l 

8ctive utrtWr rn involved or where +esfburl radloactfve 
utetWs occur in an ifwcetsfblr krtlon rt uhlch alte- 

f 

4 specftlc fwtots ltrft theft hazard md tt# Mch they we 
costly or alff~cult to te(Love. txup1er we tesidu81 t8dfo- 
wtfve wtwlrls undet hard-surface publft mds rnd sfdeualks, 
wound publfc sweet lfnes, ot in fence-port toundrtfonr. In 
order to Invoke'this rxcrp,tion, 1 sfte-specltlc analysis aurt 
be provfded to estrblish that It rould not c8use rn indfvfdual * 
to teC8fVQ 8 t8bl8tlOn do,8 Ifi @XCMS Of the b8SfC dOS8 hfts 
stattd (n kctfon I, rnd 8 strttmtnt sptclfylng the tesfdwl 
t8dfOattfVfty wst be fhcludtd (n the rpptopthte sfrte rnd 
locrl ttcotds~~ 

d. Where the cost of cltrnup of 8 contamfuttd bufldfng 4s clrrtly ".- 
unttrsonrbly hf9h nlittve to the benefits. factors that shrll 
be Included in this judgment rn the rntfcfplted period of 
occupancy, tht ~ncttmentrl trdirtion level that wuld be effected 
by ttmtdfrl action, the tesIdurl wttul Wetha of the bullding, 
the pOttnti81 tot fututt COnSttUCtfOn 8t the Slt8, 8hd the 
rpplicrbfllty of temtd481 actions that would k less costly 

. than ttmovrl of tht tesfdurl trdforct~vt wtttirls. A skk- 
@tnt spttffyfng the ttsfdurl rrdiorctfvfty rust bt tncludtd fn 
the 8pptOptf8tt St8tt 8nd 1OC81 t8COtdS. 

a. n\tte then f$ ho terSfb\r maedfrl 8CtiOn. 

6. SOURCES 

kfmft Ot CUfddfM Lource 

9rsic Dost lllfts 
bSfb@t~tidt'l8dbSt Intrtn8tfonal Coufssfon on Radfologfc~l . 

Lfri ts kotection (1977, l378) 

.tMtiC &JfdtlfWS tot @eSfdurl R8dfOtCtfVhy 

Zttsfdurl Concenttrtfons 40 CfR 192 
Of R8dtm 8nd thottu 
In So11 Uatetfrl 

A~tbOtnt RIdon 0IC8y 40 CfR 192 
Ptnducts 

httt?b8\ thfU&8 ltrdirtfon 40 CfR 192 

futfrct Contamination Adrpttd t?oR U.S. tk’ltrt Regu'lrtoy 
Cowmission (1982) 

Control of Rtdioretfvt Vasttr and Rtstduts 

fnttth Stotrgt DOE Otdet UsO.lA 

Long-Tern Uanrgtmtnt DOE Otdtt 94803; 40 CFR 192 
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APPENDIX D 

SITE INFORMATION FOR SPECIFIC SITES 
(See Design Criteria, Section 3.3.3) 

.¶ 
1.0 GENERAL * . 

This appendix is a general outline of the information that will -- 
be obtained for a FUSRAP/SPMP site through historical research 
and/or field investigation activities during site . .- 

characterization. This information will be used as a starting 
point for preparation of Design Bases for the sites. The data 
unique to a particular site are enclosed between single 

asterisks (+.*+). 

w_ 2.0 SURVEYS AND DATUM 

Information on site description, surveys, plant coordinates, 
plant dat.urn, plant grade , horizontal and vertical survey 
control points, plant grid north, site boundary, access roads, 
railroads, etc., will be obtained. 

3.0 WATER LEVELS 

For-sites located on rivers, lakes, or at the ocean, the 
probable maximum and minimum water levels and their 
fluctuations will be obtained. The design maximum flood 
elevations, as noted below, will be investigated and recorded 
for the site: 

D-l 
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Elevation Above 
Mean Sea Level 

(MSL) 
(’ . . *I 

Maximum recorded high water ft 
loo-year projected flood’ ft.. .= 
Probable maximum flood ft 
Flaximum projected water level for plant safety ft 
Design high water ft 
Design low water ft ,... 

(In general ) the loo-year flood shall be used for design.) 

4.0 PRECIPITATION (+..*I 

Rainfall 
AverKge annual 
Daily maximum 
Design hourly maximum*(lOO-year storm) 
Probable maximum precipitation (PMP) per hour 

in. 
in. 
in. 
in. 

Flash floods caused by thunderstorm may occur and are to be 
considered in the design. (Note value to be used in flood 

design as l ..* in. per hour.1 , 

SNOWFALL (*..+I 

Average annual 
Season maximum 

Maximum for month of l ..* 
Daily maximum 

Design snow load 

in. 
in. 
in. 
in. 

lb/sq. ft. 

D-2 
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5.0 CPOUNDWATER TABLE 

( The high water table to be used in design will be stated. 

For the design of all underground structures, the high wate.r 
table will be assuned as elevation *..+ ft. 

*Average groundwater level is approximately at l ..* ft. 

2 - 

6.U FROST PENETRATION 

Depth below grade 

7.0 ICE 

t . . l in. 

If applicable, ice pack formation will be described giving 
appropriate design loads. 

8.0 AIR TEMPERATURE (+..*I 

Maximum design 
Minimum design 

Average annual 
Average wet bulb 
Average dry bulb 

OF 
OF 
OF 
OF 
OF 

9.0 NOISE LEVELS 

r?oise level measurement and monitoring during construction will 
be maintained for sites as required by local authorities. 

. 
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10.0 WINDS 

Based on loo-year recurrence interval, the design wind 
velocity shall be +..+ mph at l ..* feet above grade in 
accordance with the Uniform Building Code (UBC). The , . 
prevailing wind is in *..* direction. Wind velocity will be 
adjusted as appropriate for structure height and gust 
factors. The effects of tornadoes will be investigated as 
required by site conditions. - -- 

11.0 SFISMOLOGY 

The site is in UBC Zone l ..*. Seismic loads shall be 
considered in accordance with Section 2312 of UBC criteria. 

Verification of whether a higher zoning than that required by 
UBC may be more appropriate for the particular site will be 
made. 

12.0 GEOTECHNICAL INVESTIGATIONS 

Subsurface investigations will provide a description of the 
soil and geological and hydrological conditions and other data 
for the preparation of ‘Soil and Geological Investigation 
Report’. The design basis will list from the report the 
hydraulic gradient of ground water, soil profile, location of 
bedrock, determination of confined and unconfined aquifers, 
establishment of monitoring wells, test results of soil and 
rock properties, allowable bearing and/or pile capacities (as 
applicable) for foundation design, active and passive lateral 
earth pressure, etc. Compaction criteria and maximum slopes 
for excavation will also be specified. 
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13.0 GUIDELINES FOR RESIDUAL RADIOACTIVITY 

To be developed for each si,te. Refer to Appendix C. 

-- 
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United* States Government 
IO8574 

Department of Energy 

memorandum 
DATE: 8% 1. 1993 

REPLY TO 
pgj SE? -3 y 1: SD 

All-N OF: EM-421 (W. A. Williams, 903-8149) 

SUBJECT: Uranium Guidelines for the Ventron Site, Beverly, Massachusetts 

TO: L. Price, OR 

This is in response to the request for approval of uranium guidelines for 
the Ventron Site of the Formerly Utilized Sites Remedial Action 
(FUSRAP), pursuant to DOE Order 5400.5. This site is located in 

Program 

Beverly, Massachusetts, and was used by the Department of Energy's (DOE) 
predecessor for producing uranium metal. Oak Ridge requested approval of 
a residual uranium guideline of 100 picocuries per gram of total uranium 
for the site. These recommendations were made based on a supporting 
analysis by Argonne National Laboratory (ANL) and estimates of the waste 
volume which would result from different uranium guidelines. 

Basic Dose Reauirement: 

The Ventron Site is located directly on a tidal estuary of the 
Atlantic Ocean and is presently used for industrial research and metal 
production. The ANL analysis calculated a maximum residual concentration 
of total uranium in soil of 480 picocuries per gram (pCi/g) to 3100 pCi/g, 
depending on future land use. These concentrations are equivalent to 
100 millirem per year for various land uses. The recommended 100 pCi/g is 
equivalent to 6 millirem per year for an industrial worker (Scenario A in 
the ANL Report). For recreational use, the exposure is less than 
4 millirem per year (Scenario B). For residential farming use, the 
recommended guideline is 21 millirem per year, assuming that off-site 
water is used for drinking water purposes (Scenario C). 

In the ANL analysis, the use of an on-site well for drinking water 
purposes was not considered because this assumption is not plausible. The 
site is immediately adjacent to a tidal estuary and the water is saline. 
For this reason, any water from an on-site well would be saline and not 
potable. 

Based on the ANL analysis, the recommended value of 100 pCi/g of total 
uranium is within DOE's dose guideline of 100 millirem per year, which 
must be met under all worst case, plausible scenarios, including the 
assumed residential and recreational use. 

ALARA Analysis: 

In addition to meeting the basic radiation protection guideline, any 
remediation guideline must be analyzed to keep exposures as low as 
reasonably achievable (ALARA). In the application of ALARA, practical 
considerations, costs, and benefits are also taken into account. For 
practical considerations, it is likely that the contaminated areas will be 
remediated to a level below whatever guideline is established. This is 
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likely for two reasons. First, in order to remove all material above the 
guideline, some soil contaminated below the guideline will be removed. 
This will have the practical effect of lowering the guideline as it is 
applied during remediation operations. Second, during remediation 
operations, it is difficult to precisely delineate the point at which 
contamination above the guideline ends. As a result, remediation 
personnel will remove all suspect materials to avoid repeated remediation 
operations on the same property. For these reasons, it is likely that 
remediation will be accomplished at some level lower than the approved 
remediation guideline. 

A final practical consideration is the use of clean fill material to 
replace excavated materials. This will cause a shielding and covering 
effect on the remaining soils; reducing 'gamma ray,, dust, and radon 
exposures. If the site were to be used for residential or agricultural 
use in the future, the clean fill would also reduce the projected doses by 
diluting the residual contamination. The ANL analysis does not assume 
that there is any clean fill or cover placed over the site after 
remediation. For this reason, the doses calculated in the ANL report are 
clearly a worst case scenario. In the actual application of a remediation 
guideline, it is very likely that a remediation level substantially below 
the established guideline will be achieved. 

A further ALARA consideration is that of costs and benefits. A review of 
the contaminated soil volume as a function of the remediation guideline 
indicates an increasing volume of contaminated soil as the guideline 
becomes smaller. 

Between the remediation guidelines of 460 and 200 pCi/g of total uranium, 
the volume of contaminated soil increases by 1,700 cubic yards. For the 
current industrial use of the site, this increase in waste volume and cost 
is equivalent to a reduction in the calculated dose from 26 millirem per 
year to 11. A reduction from 200 to the recommended 100 pCi/g decreases 
the dose for the current industrial use from 11 millirem per year to less 
than 6. This same reduction increases waste volume by another 1,080 cubic 
yards. Reducing the guideline to 70 pCi/g will reduce the dose for 
industrial use to less than 4 millirem-per year and increase waste volume 
by 1,550 cubic yards. Further reductions to 40 and 20 pCi/g increase 
waste volume by an additional 4,100 and 3,000 cubic yards, respectively. 

If the costs of excavating, packaging, transporting, and disposing the 
soil are estimated to be more than $500 per cubic yard, the reduction in 
the guideline from the recommended 100 pCi/g to 70 pCi/g would cost more 
than $540,000 with little benefit. Further reductions to 40 and 20 pCi/g 
will increase costs further with even less benefit. 

The possible residential and agricultural use of the site in the future 
must be also considered. Scenario C examines this possible use and 
assumes a resident farmer will: 

(1) reside at the site after remediation; 
(2) drink water from an uncontaminated, off-site source; 
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(3) eat plaft foods grown in the decontaminated area; 
I:{ dnnk milk avd eat meat from cattle grown on the site; and 

ingest 100 mllllgrams of so11 at the site. 

These assumptions are very unlikely but may be plausible in the distant 
future. The recommended guideline of 100 pCi/g is equivalent to an annual 
exposure of 36 millirem per year under these assumptions. A review of the 
ANL report indicates that the significant pathway for this scenario is via 
inhalation of contaminated dust. The mass loading factor used for 
airborne dust in the calculations (200 micrograms per cubic meter) is much 
higher than would be expected at the site under ambient conditions and 
reflects the level of dust loading expected from plowing or digging in the 
soil. Such a high dust load is unlikely on a continual basis. 

Summa& and Approval: 

Based on the above considerations, a guideline of 100 pCi/g for total 
uranium above background levels is approved for use in the remediation of 
the Ventron Site, pursuant to DOE Order 5400.5, Chapter IV, Section 5a. 
Please provide ANL with post-remedial action data to permit the 
preparation of another dose estimate report to reflect the actual doses 
after completion of the remediation. 

We also recommend that your staff discuss the site characterization data 
and the approved guidelines with the State and EPA staff at an appropriate 
time. 

Director 
Division of Off-Site Programs 
Office of Eastern Area Programs 
Office of Environmental Restoration 

_~ ~~ 

fc:Perry, OR 
C. Yu, ANL 
J. Berger, ORISE 
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FF+L;J; EM-42 (W. A. Williams, 301-903-8149) 

hr IT i2 28 P# ‘g,r 

SUBJECT: 
,Approval of Proposed Remediation Approach for Residual Radioactive 
Material at the Ventron Site, Beverly, Massachusetts 

TO: L. Price, OR 

This is to approve the approach proposed for remediation of the Ventron 
Site in Beverly, Massachusetts. The proposed approach is for minimal 
decontamination of Buildings A and Al structural surfaces on the basis of 
predicted dose and ultimate disposition of these buildings. 

Pronosal: 

The site contains residual radioactive material from the production of 
uranium metal in the early 1940s and uranium recovery efforts in the mid- 
to late 1940s. Residual uranium remains on a number of overhead 
horizontal surfaces, walls, and floors in buildings A and Al; other 
buildings onsite have no interior uranium. The site owner is currently in 
the process of demolishing all buildings on the site. The 
non-metal/masonry material will be crushed and used as backfill or 
disposed of in an industrial landfill. The steel/metal building 
components will be removed and either recycled or disposed in a landfill 
for construction/industrial material. 

The proposed remediation approach would be as follows: 

1) provide health physics support to the owner during building 
demolition, including radiation surveys of some building components 
with gross decontamination as appropriate; and 

2) remove all soil contamination in excess of the authorized limits for 
this site. 

Independent verification of surface contamination levels is not proposed 
for the building surfaces due to the plans for demolition of all on-site 
buildings by the site owner. After the owner demolishes the building, the 
Department of Energy (DOE) would excavate soil to meet the authorized 
limits for residual radioactivity. The independent verification 
contractor would confirm the remediated status of the site grounds. 

The proposal would leave residual radioactive material in the masonry 
rubble, metal surfaces, and other material comprising demolition rubble. 
As demonstrated in the dose calculations (CCN 140242) for the different 
building components, this approach is consistent with the dose limits and 
procedures in DOE Order 5400.5, Chapter IV. Supplemental standards would 
be applied in lieu of the surface guidelines as stated in Figure IV-l of 
DOE Order 5400.5, since the materials would either be crushed or smelted 
and recycled rather than remain as a structural surface. Materials not 
suitable for recycle would be disposed in a landfill for construction 

I - 
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debris. The Operations Office will coordinate with the State, the owner, 
and other affected parties regarding this approach. 

Review of Proposal: 

Our review of the proposal has identified several issues which were not 
discussed in the proposal. While these issues are not a significant 
concern at the Ventron site, they need to be addressed in the approval of 
the proposal. 

Ground-water protection can be significant at some sites. However, at the 
Ventron site, there is not a sufficient inventory of uranium within the 
building structure to constitute a significant ground-water threat. 
Further, the ground water at the site location is saline because of its 
location immediately adjacent to a tidal estuary of the Atlantic Ocean. 
As a result, ground-water degradation is not significant. 

Cumulative doses are very small because of the small inventory of 
radioactive material and limited size of the site. These are estimated to 
be less than one person-rem per year. 

The proposal is consistent with two important documents. The first of 
these is a memorandum from Raymond F. Pelletier to numerous addressees, 
dated November 17, 1995, and entitled "Application of DOE 5400.5 
requirements for release and control of property containing residual 
radioactive material." The second document is the current manual for the 
RESRAD computer code: ANL/EAD/LD-2, Manual for Imolementinq Residual 
Radioactive Material Guidelines Usinq RESRAD Version 5.0, published by 
Argonne National Laboratory (ANL) and prepared by ANL and DOE staff, 
September 1993. 

Some calculations in the proposal are overly conservative and 
significantly overestimate the potential exposure and potential dose to 
hypothetical recipients. For example: 

l In the potential sandblasting of steel on page 10, an in.halation dose 
is calculated with no respiratory protection assumed; yet the 
sandblasting would be conducted to remove lead paint from the steel 
prior to recycling. Because of the hazardous nature of lead, it is 
likely that respiratory protection would be used, and the potential 
exposure of workers would be much lower than the estimate in the 
proposal. In addition, the removal of uranium from the steel surface 
by sandblasting would minimize any potential for lead to be present in 
the slag from recycling of the steel. 

l In the evaluation for uranium in slag from the recycling of steel on 
page 11, the concentration of uranium is over-estimated. It is not 
reasonable to assume that the steel from the building is recycled with 
no other steel. The estimated mass of steel is about 35 metric tons, 
and it is very likely that this steel would be recycled with other 
steel from uncontaminated sources. Although the concentration of the 

'U-238 was estimated to be over 90 pCi/g, this concentration should be 



‘ 14,233s 

3 

considered as a worst case estimate and not as a reasonable or likely 
estimate. At the very least, the steel from the contaminated buildings 
would be mixed with the steel from the uncontaminated buildings on the 
site during the recycling process. If this reasonable assumption were 
made, the calculated concentration of uranium in the slag would be 
reduced by a factor of two to five. 

l Baghouse dust from the recycling of steel needs to be examined. If the 
concentration of uranium in the dust particles is similar to that in 
the slag and if one assumes that the dust is mixed with dust from other 
production not involving uranium, it is evident that the average 
concentration of uranium in the dust is reduced significantly below 
that of the slag. As a result, the likely doses will not be 
significant. 

In summary, although a number of minor issues in the documentation were 
identified, the proposal is in compliance with the applicable DOE 
requirements and guidance. 

Requlatorv Issue: 

Using the proposed remediation approach, any uranium shipped in metal for 
recycle would be less than the general license quantity established by the 
U.S. Nuclear Regulatory Commission (NRC) at 10 CFR 40.22. Pursuant to an 
agreement with the NRC, Massachusetts is expected to acquire this 
regulatory authority. As a result, the proposed approach is generally 
consistent with the de minimis regulatory limits established by NRC; 
coordination with the State assures .that the approach will meet State 
requirements when the State assumes the regulatory authority. 

Cost Benefit Issues: 

Specific compliance to the surface contamination limits in DOE Order 
5400.5, Chapter IV, would involve significant incremental costs in excess 
of $500,000, with avoided dose to a hypothetical maximum dose to an 
individual of five millirem per year. The cost of additional cleanup is 
not justified. In the event of new informatian or changed circumstances, 
Departmental policy permits you, your staff, and your supporting 
contractors to conduct additional decontamination to achieve radiation 
exposures "as low as reasonably achievable." 

Approval: 

This is to approve the approach of using Supplemental Limits for Buildings 
A and Al structural surfaces in the cleanup of the Ventron site, pursuant 
to DOE Order 5400.5, Chapter IV. The approval is based on the planned 
demolition of the buildings, the small dose reduction that would be 
achieved from additional remediation and/or decontamination efforts, and 
State regulatory coordination and participation. 

The maximum estimated dose of five millirem is well below the basic dose 
limit of 100 millirem per year for all plausible exposure conditions. In 
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addition, the site, the recycled metal, and any slag from recycling will 
meet the State criteria of ten millirem per year as stated irr 105 CMR 
120.291, even though this requirement is not directly appliqble to DOE. 

The following conditions apply to this approval: 

(1) The Post Remedial Action Report should document the ultimate 
disposition by the property owner of the demolished structures and 
include a dose assessment of the actual disposition for the recycled 
materials. 

(2) Continuous air monitoring should be performed during demolition 
activities to document the concentration of radionuclides in air. 

(3) Coordination with,the State regarding this approach shall be 
documented .in writing. 

In addition, it is recommended that masonry from BuiTdings A and Al be 
handled and crushed separately to permit the measurement of residual 
uranium levels prior to mixing with soil or crushed masonry from other 
buildings. 

By copy of this memorandum, we are requesting that ANL prepare a dose 
assessment for a future site occupant, based on post remedial data 
collected after remediation. 

Please call me if you have any questions. 

Area Programs 
Office of Environmental Restoration 

cc: J. Kopotic, DOE/OR 
;. ;;lhN:II, EH-232/DOE-HQ 
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3 “United States Government c Department of Energy 

memorandwm 
Oak Ridge Operations Office 

DATE: September 22, 1997 

REPLY TO 
ATI-N OF: EW-93:Kopotic 

SUBJECT: REQUEST FOR APPROVAL OF PROPOSED REMEDIATION APPROACH FOR 
RESIDUAL RADIOACTIVE MATERIAL AT THE VENTRON SITE 

TO: Alexander Williams, Designation and Certification Manager, DOE-GTN, EM-42 1 

. 
The purpose of this memorandum is to request your approval for a revision to conditions 
specified in the memorandum “Approval of Proposed Remediation Approach for Residual 
Radioactive Material at the Ventron Site”. The memorandum approved supplemental limits for 
Buildings A and Al structural surfaces and required that continuous air monitoring be performed 
during demolition activities to document the concentration of radionuclides in air. In addition, 
the memorandum recommended that measurement of residual uranium levels in the masonry 
from the two buildings be performed. 

As you know, the site owner performed building demolition from mid-July to early August, 1996. 
During this time, Bechtel performed personnel, perimeter, and area air monitoring, sampling and 
analyses of demolition rubble, pre/post equipment surveys and exit dose rate surveys on all 
vehicles transporting the demolition debris. The building demolition did not include the floor 
slabs for either building; however, during the course of FUSRAP’s remedial action, 
approximately 40 percent of buildings A and Al slab were subsequently removed. This was 
performed in order to remove contaminated soils from beneath the slabs primarily in the areas of 
the leach tank pit and fan pit in Building A, and in two sub-slab areas in Building A-l. 
Additionally, as a best management practice, slab areas that exceeded approximately 10 times the 
surface criteria were scabbled/rembved in order to ensure that no waste management problems 
would be encountered during owner disposition of the slab material. 

A total of 48 samples were collected from the building demolition debris. One sample was a grab 
sample and the remaining 47 samples were composites collected during debris generation for 
each phase of the owner’s demolition effort. The concentrations of uranium-238 ranged from 
0.84 pCi/g to 3.7 pCi/g (average 2.35 pCi/g). The concentrations of thorium-232 ranged from 
0.23 pCi/g to 1.39 Ci/g (average 0.72 pCi/g). The concentrations of radium-226 ranged from 0.16 
pCi/g to 1.2 pCi/g (average 0.60 pCi/g). 

Results for perimeter air monitoring conducted during the demolition effort ranged from 
1.96 E-15 uCi/ml to 2.19 E-14 uCi/ml (average 9.35 E-15 uCi/ml) which is less than 1 percent of 
the derived concentration guide for uranium-238. 

Radiation exposure rates collected during exit surveys of all trucks transporting the demolition 
debris for offsite disposal typically ranged from 8 uR/hr to 10 uR/hr, with the highest exposure 
rate measured at 12 uR./hr for one vehicle measurement. These measurements indicate that the 
material did not present an external radiation exposure hazard. 
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Alexander Williams 2 September 22, 1997 

It is estimated that approximately 90-94 percent of the total debris volume which would result 
from the demolition of Buildings A and A-l has been represented with the sampling efforts 
previously described. As demonstrated in the original dose calculations (CCN140242), these 
results further substantiate compliance with applicable DOE requirements and guidance. Based 
on these considerations, I am requesting that no additional air monitoring be required and that no 
additional measurements for residual uranium are necessary. 

I would appreciate your decision regarding the elimination of requirements and recommendations 
from the original supplemental standards approval for A/Al demolition debris by September 30, 
1997. If you have any questions, please contact me at (423) 576-9441. Thank you for your help 
in this matter. . 

es D. Kopotic, Site Manager 
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+I United States Government. Department ,of Enerw . _ 

memorandum ’ W-G-~A-GIQP~~ 
DATE: SEP 2 9 ?w 

REPLY TO 
All?d’OF: EM&42 (A. Williams, 302-903-8149) 

SUBJECT: Ratification, Confirmation, and Changes to Supplemental Standards for Residual 
Radioactive Material at the VentronSite, Beverly, Massachusetts i . 

yro: ,William Seay 
Oak Ridge Operatlons Office 

This is to approve requested changes in the application of supplemental ' 
standards for remediation of the Ventron Site in Beverly, Massachusetts, and 
to ratify *and confirm the supplemental standards previously approved. 

Reauest: ' . 

Supplemental standards forremedial action at this site were previously 
requested and approved with the various condjtions and recommendations. One 
condition required air monitoring for airborne radioactivity durjng building 
demolition activities. One recommendatjon was to perform monitoring on 
masonry debris during its removal from'the site by the property owner; 

Your staff requested that the mandatory condition for air monitoring during. 
demolition activities be discontinued based.on the observed insignificant 
levels of airborne uranium observed during demolition activities. 

Similarly, your staff requested that recommended monitoring of uranium'levels 
in masonry debris be discontinued because observed values were.extremely low 
and well,within the approved guideline for the site. _ . .' 
Discussion: 

At the Ventron Site, all field activities related-to the remediation of the 
site are complete, with the exception of the removal of portions of the slabs 

- from buildings A and Al. The prj,or monitoring of similar demolition. 
activities show insignificant airborne uranium levels. The measured, . 
concentrations of uranium in masonry debris is clearly insignificant and well 
within thevariation in the concentrations of natural background,. Levels of 
uranium on the remaining slabs has been measured and are not significantly 
different in any way from debris and slabs that have already been removed and 
disposed by th,e property owner. At the present time, almost all of the 
demolition,work has been completed, and there is,no reason to believe that the 
future demoliti'on and removal of the remaining slabs would be any different 
than for the.past'demolition work. 

We estimate the cost .of providing additional monitoring to exceed $10,000, 
Based, on the prevtous measurements, there would be no commensurate benefit 

; from this expenditure. 

Aooroval: . 

,The available monitoring data'supplies an adequate basis for ratifying and I 
confirming the previously approved supplemental standards. Actual monitoring 
data establishes that the,implementation of supplemental standards has been . 

’ 



. 

. 

accomplished at the Ventron Site well within the applicable dose limits. 
However, pursuant to DOE Order 5400.5, Chapter IV, a change in the conditions 
for the removal of the remaining slabs of bulldings A and Al is justified. 
This change rescinds the required monitoring of air and the recommended 
monitoring of uranium in demolition waste for the remaining portions of the 
Buildings A and Al slabs, based on the experience at the site and lack of. 
commensurate benefit. 

These changes do not affect the need for the remaining slabs to be demolished 
and removed. An effort should be made (in conjunction with the property 
owner) to confirm and document the removal of the remaining slabs. This 
record should include both written and photographic documents. A trip report 
from a Department of Energy or contractor official, with annotated pictures, 
would be entirely adequate; alternatively, a similar transmittal from the' 
property, owner, a municipal'or State official, or the independent verification 
contractor would also be satisfactory. 

Please contact me with any questions. ' 

cc: J. Kopotic, OR 
A. Yallo III, EH-232 
il. Beck, ORISE 

. 
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Department of Energy 

Oak Ridge Operations 
P.O. Box 2001 

Oak Ridge, Tennessee 37831- 8723 

June 3, 1996 

96-293 

Ms. Alicia Raddatz 
Ventron Site Coordinator 
Morton International 
150 Andover Street 
Danvers, Massachusetts 0 1923 

Dear Ms. Raddatz: 

VENTRON SITE - DISPOSAL OF BUILDING DEMOLITION DEBRIS 

At your request, the Department of Energy has evaluated the demolition waste that would result 
from the demolition of Building A/Al against the radiological criteria provided for Waste 
Management of New Hampshire, Inc. The material matrix to be generated as a result of Morton 
International’s building demolition project will consist primarily of typical construction debris (e.g., 
concrete and other masonry material, wood, sheetrock, steel, etc.). 

New Hampshire does not currently regulate naturally occurring radioactive material. The landfill 
site permit prohibits the disposal of source, special nuclear or byproduct’ material as defined by the 
Atomic Energy Act of 1954, as amended. The demolition debris does not meet the definition of 
any of the aforesaid categories, and does not contain technologically enhanced radium-226 or 
radium-228 Therefore, the material can be disposed of as ordinary demolition debris as long as 
other permit, conditions are met. 

The primary radionuclide of concern at this site is uranium-238, with much lesser amounts of 
radium and thorium, which occur naturally in the environment, with concentrations in soil and rock, 
typically in the range l-20 pCi/g for uranium-238. Background concentrations in the area of the 
Ventron site have been measured at approximately 5-10 pCi/g for uranium-238, and l-2 pCi/g for 
radium and thorium. Based upon the DOE’s survey results and subsequent calculations, it is 
anticipated that the material will have an average uranium concentration of approximately less than 
10 pCi/g which falls within the range found in typical construction materials (i.e., typically ranges 
from 2 to 20 pCi/g for naturally occurring uranium in concrete, brick and other masonry materials). 
All material will be staged, sampled, and analyzed prior to loading for shipment to the disposal 
facility. The release criteria for the site is 50 pCi/g of uranium-238 and 15 pCi/g of radium and 
thorium. Under no circumstances will construction debris be released from the site that exceeds 
these criteria. 

Please contact me at (423) 576-9441 at your earliest convenience so that we can develop an agreed 
upon schedule covering this activity or for any questions you may have regarding this proposed 
approach. 
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ABSTRACT 

The results of a radiological survey of the Ventron site (the Ventron Division of Mor- 
ton Thiokol, Inc.) in Beverly, Massachusetts, are presented in this report. From 1942 
through 1948, the site was used for various projects involving the production of uranium 
metal powder from uranium oxide and the recovery of uranium from scrap metal. After 
1948, the Atomic Energy Commission surveyed the facility and performed decontamina- 
tion and decommissioning activities in accordance with current procedural policies. In 
1980 and 1982, a comprehensive radiological survey of the site was conducted by the Oak 
Ridge National Laboratory. Included were measurements of the following: residual alpha 
and beta-gamma contamination levels inside the buildings; external gamma radiation levels 
at 1 m above the surface and at the surface in the buildings and outdoors; and uranium, 
radium, and thorium concentrations in surface and subsurface soil outdoors and beneath 
the buildings. 

The results show the presence of residual radioactive contamination, largely uranium 
with lesser amounts of thorium and radium, in outdoor soil and in fill material beneath 
Buildings B-l, B-2, and C- 1. The spotty contamination found in Buildings A and A-l, 
and the Alfa Building on floors, walls, and overhead surfaces, and equipment included 
beta-gamma dose rates exceeding the limits set by current guidelines applicable to the 
release of property for unrestricted use. Surface contamination dose rates on the roof of 
Building A were comparable to those inside the buildings. 

In summary, concentrations of residual radioactive material found in buildings and 
soils at the site are in excess of concentration guidelines established by the Department of 
Energy to determine if a site needs to be considered for remedial action. These guildelines 
are typically derived to ensure that unrestricted use of the facility (including residential 
use) will not result in above-guideline doses to the general public. An examination of 
work/occupancy scenarios for this site suggests that the annual radiation exposures to per- 
sonnel from any credible current use scenario would be well below dose limits which would 
be applied to protect members of the general public from exposure to radiation. 
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1. INTRODUCTION 

The Metal Hydrides Corporation was under contract to the Manhattan Engineer Dis- 
trict (MED) and the Atomic Energy Commission (AEC) from 1942 to 1948 to convert 
uranium oxide to uranium metal powder. This procedure, as well as later operations 
involving recovering uranium from scrap uranium and turnings from the slug fabrication 
plant at Hanford, Washington, were conducted at the foundry site located in Beverly, 
Massachusetts. The city lies on Massachusetts Bay approximately 15 miles northeast of 
the central Boston area. The property, which comprises approximately three acres, is 
located at the confluence of the Bass and Danvers rivers and is bounded by Congress 
Street to the north (Fig. 1). During contract operations three buildings were used for 
uranium work. Two wooden buildings that housed the foundry facilities were demolished 
sometime between 1948 and 1950, and two other buildings have since been erected at 
these locations. The remaining original building contained furnace and leaching facilities, 
a mixing room, a drying room, and analytical laboratories. The Metal Hydrides Corpora- 
tion became the Ventron Corporation in 1965, and in late 1976 the Thiokol Corporation 
acquired control of the company.’ In 1982 Ventron became a Division of Morton Thiokol, 
Incorporated. 

The AEC conducted a radiation survey of the facility in 1948. The two foundry build- 
ings and various pieces of equipment were found to be contaminated and cleaning was 
recommended. Painted surfaces were sandblasted, and contaminated concrete floors and 
platforms were removed. Ocean dumping was the method used for disposing of contami- 
nated equipment and rubble. In 1977, following acquisition of the property by the Thiokol 
Corporation, the Oak Ridge Operations office of the Department of Energy (DOE) and 
the Oak Ridge National Laboratory (ORNL) conducted a screening survey of the site in 
1977. Based on the results of exploratory measurements, it was determined that a 
comprehensive radiological survey of the entire site was in order. 

A radiological characterization survey of the outdoor portion of the site was conducted 
by members of the Health and Safety Research Division (HASRD) of ORNL during the 
period September 19-25, 1980. Buildings and structures on the site were surveyed Febru- 
ary 22-28, 1982. A preliminary report, documenting a recommendation for the considera- 
tion of remedial action, was presented to DOE in December 1985.2 

This report describes the results of the radiological survey in detail. A scaled drawing 
of the property showing the location of buildings and the grid network established for 
measurements outside the existing buildings is shown in Fig. 2. The locations of the origi- 
nal foundry buildings are also indicated. Photographs showing several of the buildings are 
presented in Figs. 3-5. 

1 
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Fig. 1. Diagram showing general location of the Ventron site. 
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Fig. 2. Scaled drawing of the grid system used in the outdo80r survey of the Ventron site. 
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ORNL-PHOTO326446 

Fig. 3. View of the Storage Building looking southeast from 
Building A at the Ventron site. 

ORNLPHOTO326!L86 

Fig. 4. View of Buildings C-2, C-3, and C-4 looking west 
from Building A at the Ventron site. 
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ORNLPHOTO3266-86 

Fig. 5. View of Buildings B-l, B-2, B-3, and B-4 looking 
southwest from Building A at the Ventron site. 
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2. SURVEY METHODS 

The radiological survey of this property included: (1) gamma exposure rates at 1 m 
above the ground surface and at the ground surface at outdoor grid locations; (2) gamma 
exposure rates at 1 m above the floor surface and at the floor surface at indoor grid loca- 
tions; (3) gamma scanning of both indoor and outdoor areas; (4) radionuclide analysis of 
surface and subsurface soil samples; (5) logging of gamma radiation levels at various 
depths in auger holes; (6) radionuclide analysis of sediment samples from storm sewer 
manholes; and (7) direct and transferable alpha and beta-gamma activity inside the struc- 
tures. A comprehensive description of the survey methods and instrumentation has been 
presented in another report.3 

Large areas to be surveyed either indoors or outdoors were subdivided into “grid block” 
subsections for convenience in reporting results. 

2.1 OUTDOOR SURVEY METHODS 

The entire outdoor area was divided into 25-ft grid blocks. Unless otherwise stated in 
Sect. 2.1, each block was surveyed in the following manner: Accessible areas in each grid 
block were scanned with the portable gamma scintillation meter, and the area-weighted 
average found within the block was recorded. Measurements at 1 m above the ground 
surface and at the ground surface at the center point in each block were then made. Sur- 
face soil samples were taken at systematically selected locations and analyzed for 238U, 
226Ra and 232Th content. At points showing elevated gamma rates, “biased” surface soil 
samples were taken for similar analyses. 

To define the extent of subsurface soil contamination on the site, holes were augered to 
depths of 2.4 m and more in regions of suspected subsurface contamination. A plastic 
pipe was placed in each hole, and a NaI scintillation probe was lowered inside the pipe. 
The probe was encased in a lead shield with a horizontal row of collimating slits on the 
side. This collimation allows measurement of gamma radiation intensities resulting from 
contamination within small fractions of the hole depth. When possible, if the gamma 
readings in the hole were not uniform, a soil sample was scraped from the wall of the 
auger hole at the point showing the highest gamma radiation level. The auger hole log- 
gings were used to select locations where further soil sampling would be useful. At points 
as close as practical to several selected auger holes, a split-spoon sampler was used to col- 
lect subsurface samples at known depths. Sediment samples were taken from several 
storm sewers to determine radionuclide concentration. The soil and sediment samples 
were analyzed for 238U, 226Ra, and 232Th. 

2.2 INDOOR SURVEY METHODS 

Throughout this report, the term “lower walls” refers to wall surfaces up to a height of 
6 ft. Whenever practical, floors and lower walls were divided into grid blocks defined by 
natural boundaries such as building supports. The size of the survey blocks generally 
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varied with the size of the building and room. 
used in presenting results. 

Where possible, grid block designations are 
However, in some cases, the complexity of the grid system 

would unnecessarily complicate the reporting of data. To circumvent this difficulty, grid 
block measurements taken inside the buildings have been averaged on a room-by-room 
basis when tabulated. 

Unless otherwise stated in Sect. 3, each block was surveyed in the following manner: 
Accessible areas were scanned with a gamma scintillation detector, and the range and 
average gamma radiation levels were recorded. The gamma radiation levels at 1 m and at 
the surface were measured near the center of the block. Beta-gamma dose rate measure- 
ments were made at the point of maximum gamma radiation level in each block. One or 
more alpha measurements were taken at the surface near the center of each grid block, 
and the measurement or the average of the measurements was recorded. Smear samples 
were taken at systematically chosen locations and/or in areas of elevated beta-gamma dose 
rates. For the survey of overhead surfaces (including walls above 6 ft), measurements of 
direct and transferable alpha and beta-gamma contamination levels were made at 
numerous points as uniformly spaced as practicable. In addition to these measurements, 
holes were drilled through the floors of Buildings B-l, B-2, B-3, and C-l to depths of 
2.4 m (8 ft) or more, and soil samples were taken at various intervals. The samples were 
analyzed for 238U, 226Ra, and 232Th. 

3. SURVEY RESULTS 

t 

Typical radiation background levels in the Beverly, Massachusetts, area are presented 
in Table 1. These data are provided for comparison with the survey results presented in 
this section. Applicable federal guidelines for radiation exposure to the general public are 
summarized in Table 2. 

With the exception of measurements of transferable activity, which are reported as net 
disintegration rates, all direct measurements presented in this report are gross readings; 
background radiation levels have not been subtracted. Similarly, background concentra- 
tions have not been subtracted from radionuclide concentrations in soil samples. 

3.1 OUTDOOR SURVEY RESULTS 

3.1.1 Gamma Exposure Rate Measurements 

Gamma exposure rates taken at 1 m above the ground surface and at the ground sur- 
face near the center point in each grid block are listed in Table 3. The average exposure 
rate found during the scan of grid blocks is also given. These data show an overall aver- 
age of 8 pR/h. Elevated measurements ranging from 10 to 450 pR/h were identified in 
several regions with the contamination at the south side of the property appearing to 
extend beyond the sea wall into the rip-rap and tidal areas. The regions of elevated 
gamma levels are indicated on Fig. 6 and the measurements appear in Table 4. 
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Table 1. Background radiation levels in the Beverly, Massachusetts, area 

Type of radiation 
measurement or sample 

Radiation level or 
radionuclide concentration 

Range Average 

Gamma exposure rate at 1 m above 
floor or ground surface (pR/h)* 

6-8 7 

Concentration of radionuclides 
in soil (pCi/g) 

238~ 

226Ra 
232Th 

0.92-2.7 1.6 
1.0-1.8 1.3 

0.98-1.2 1.1 

*Values obtained from three locations in the Beverly area. 
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Table 2. Applicable guidelines for protection against radiationa 

Mode of exposure Exposure conditions Guideline value 

Beta-gamma dose 
rates 

Gamma radiation Indoor gamma radiation level 
(above background) 

Surface contam- 
ination 

238U, U-natural 
Fixed on surfaces 
Removable 

232Th, Th-natural 
Fixed on surfaces 
Removable 

226Ra 
Fixed on surfaces 
Removable 

Surface dose rate averaged 
over not more than 1 m2 

Maximum dose rate in any 
100 cm2 area 

Radionuclide 
concentrations 
in soil 

Maximum permissible concentration 
of the following radionuclides in 
soil above background levels 
averaged over 100 m2 area 

u2Th 
23@T% 
228Ra 
226Ra 
238~ 

20 pR/h 

5000 dpm/lOO cm2 
1000 dpm/ 100 cm2 

1000 dpm/lOO cm2 
200 dpm/lOO cm2 

100 dpm/lOO cm2 
20 dpm/lOO cm2 

0.20 mrad/h 

1.0 mrad/h 

5 pCi/g averaged over 
the first 15 cm of soil 
below the surface; 
15 pCi/g when averaged 
over 15-cm thick soil 
layers more than 15 cm 
below the surface 

Derived (site specific) 

*U.S. Department of Energy Guidelines for Residual Radioactivity at Formerly Utilized Sites 
Remedial Action Program and Remote Surplus Facilities Management Program Sites (Revision 2, 
March 1987). 

bBeta-gamma emitters (radionuclides with decay modes other than alpha emission or spon- 
taneous fission) except ?Sr, 228Ra, 223Ra, 227Ac, ‘331, 13’1, 1291, 1261, and r2?. 
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Table 3. Outdoor gamma exposure rate measurements 
at the Ventron site 

Grid 
location* 

Center point measurementsb 
W/h) 

Gamma Gamma 
exposure rate exposure rate 
at the surface at 1 m 

Average gamma 
exposure rate 
during scan 

of grid blockC 
W/h) 

O-25, BL 8 7 
O-50, BL 7 7 
O-75, BL 7 6 

-1-00, BL 8 6 
-1-25, BL 6 6 
-1-50, BL 6 6 
-1-75, BL 6 5 
-2-00, BL 8 7 
-2-25, BL d d 
-2-50, BL d d 
-2-75, BL d d 

O+OO, BL 8 8 
0+25, BL 7 8 
0+50, BL 8 7 
0+75, BL 7 7 
1 +OO, BL 8 9 
1+25, BL 9 8 
1+50, BL 7 8 
1+75, BL 6 6 
2+00, BL 7 8 
2+25, BL d d 
2+50, BL d d 
2+75, BL 8 7 
O-50, 25R 9 7 
O-75, 25R 8 7 

- I -00, 25R 7 7 
-1-25, 25R d d 
-1-50,25R d d 
-1-75, 25R 6 5 

2-00, 25R 5 5 
2-25, 25R 6 6 
2-50, 25R 7 5 
1+50,25R 9 6 
1+75, 25R 6 6 
2+00, 25R 7 7 
2+25, 25R d d 
2+50, 25R d d 
O-50, 50R 8 8 
O-75, 50R 6 6 

-1-00, 50R 6 6 
-l-75,50R 5 6 

8 
7 
7 
8 
6 
6 
6 
7 
8 
8 
8 
7 
7 
8 
8 
8 
8 
8 

n 

8 
7 
7 
7 
d 
8 
8 
7 
7 
6 
6 
6 
7 
8 
7 
7 
7 
7 
6 
8 
8 
7 
7 
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Table 3 (continued) 

Grid 
location* 

-2-00,50R 
-2-25, 50R 

1+50, 50R 
1+75, 50R 
2+00, 50R 
2+25, 50R 
2+50, 50R 
O-50, 75R 
O-75, 75R 

-1-00,75R 
- l-25, 75R 
-1-50, 75R 
- I-75, 75R 
-2-00, 75R 

, -2-25, 75R 
0+75, 75R 
1+50,75R 

t 1+75, 75R 
2f00, 75R 
2+25, 75R 
2+50,75R 
O-50, 1OOR 
O-75, 1OOR 

-1-00, 1OOR 
-1-25, 1OOR 
-1-50, IOOR 
-1-75,lOOR 
-2-00, 1OOR 
-2-25, IOOR 

0+75, 1OOR 
l+OO, IOOR 
1+25, 1OOR 
1+50, IOOR 
1+75, 1OOR 
2+00, IOOR 
2+25, 1OOR 
2+50, 1OOR 
2+75, 1OOR 
O-50, 125R 
O-75, 125R 

-1-00, 125R 
-1-25, 125R 

Center point measurementsb 
W/h) 

Gamma Gamma 
exposure rate exposure rate 
at the surface at 1 m 

Average gamma 
exposure rate 
during scan 

of grid blockC 
W/h) 

5 5 7 
7 5 7 
d d 7 
5 6 7 
7 7 7 
d d 7 
d d 6 
7 6 8 
6 5 7 
6 5 7 
6 6 7 
6 6 5 
6 6 6 
6 6 7 
7 6 6 
d d 7 
6 7 7 
6 6 7 
6 6 7 
d d 7 
d d 6 
7 6 6 
6 6 6 
6 6 6 
6 6 6 
6 5 7 
7 6 7 
6 6 7 
6 6 7 
d d 8 
d d 8 
d d 7 
6 6 7 
6 6 7 
7 6 7 
d d 7 
d d 6 
d d 6 
d d 6 
d d 6 
7 7 6 
6 6 6 
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Grid 
location* 

Table 3 (continued) 

Center point measurementsb 
(Wh) 

Gamma Gamma 
exposure rate exposure rate 
at the surface at 1 m 

Average gamma 
-~ exposure rate 

during scan 
of grid blockC 

W/h) 

-1-50, 125R 7 
-1-75, 125R 7 
-2-00, 125R 7 
-2-25, 125R 7 

0+75, 125R d 
1+00, 125R 9 
1+25, 125R 6 
1+50, 125R 5 
1+75, 125R 6 
2+00, 125R 6 
2+25, 125R 6 
2+50, 125R 7 
2+75, 125R d 
O-25, 150R d 
O-50, 150R d 
O-75, 150R d 

-1-00, 150R d 
-1-25, 150R d 

-1-50, 150R d 
-1-75, 150R d 
-2-00, 150R d 
-2-25, 150R d 
-2-50, 150R d 

O+OO, 150R d 
0+25, 150R d 
0+50, 150R d 
0+75, 150R d 
1 +00, 150R d 
1+25, 150R d 
1+50, 150R d 

6 6 
6 6 
6 7 
6 7 
d 7 
7 7 
5 7 
5 7 
6 7 
6 7 
6 7 
7 7 
d 6 
d 7 
d 6 b 
d 6 
d 6 
d 7 4 

d 6 
d 6 
d 7 
d 7 
d 7 
d 7 
d 7 
d 7 
d 7 
d 7 
d 7 
d 7 

1+75, 150R d d 7 
2+00, 150R d d 7 
2+25, 150R d d 7 
2+50, 150R d d 7 i 
0-25,25L 7 7 7 
O-50, 25L 7 6 7 
O-75, 25L 8 7 7 L 

-I-00,25L 6 6 6 
- I-25, 25L 6 6 6 
-1-50, 25L 6 6 6 
-1-75,25L 6 6 7 
-2-00,25L 9 21 21 
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Table 3 (continued) 

Grid 
locationa 

Center point measurementsb 
bR/h) 

Gamma Gamma 
exposure rate exposure rate 
at the surface at 1 m 

Average gamma 
exposure rate 
during scan 

of grid block” 
WW 

1+75,25L 
2+00, 25L 
2+50, 25L 
O-25, 50L 
O-50, 5OL 
o-75,5OL 

-1-00, 5OL 
- l-25, 50L 
-l-50,5OL 
- l-75, 5OL 
-2-00, 5OL 
-2-25, 50L 

1+75, 5OL 
2f00,5OL 

I 2+50, 50L 
o+oo, 75L 
O-25, 75L 

+ o-50,75L 
o-75,75L 

~ - l-50, 75L 
-1-75, 75L 
-2-00,75L 

2-25, 75L 
0+25, 75L 
0+50, 75L 

I 0+75,75L 
1 +oo, 75L 
1+25, 75L 
1+50,75L 
1+75,75L 
2+00, 75L 
2+25, 75L 
2+50, 75L 

7 6 7 
7 7 7 
d d 21 
7 7 7 
7 6 7 
d d 7 
8 6 8 
7 6 6 

10 8 6 
6 6 18 

76 61 61 
d d 7 
7 6 7 
8 8 7 
d d 24 
d d 7 
d d 5 
d d 7 
d d 7 
d d 7 

45 47 45 
40 31 40 
d d 24 
d d 7 
d d 7 
d d 7 
d d 7 
d d 7 
d d 7 
d d 7 
d d 8 
d d 7 
d d 24 

4 

, 

*Grid location shown on Fig. 2. 
bCenter point measurements are discrete measurements at the center of each grid block. 
‘Grid block measurements are obtained by a gamma scan of the entire block. 
dInaccessible. 
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Table 4. Measurements taken in regions of elevated gamma exposure rates outdoors 
at the Ventron site 

Location Grid 
code” location 

Maximum gamma Maximum gamma Beta-gamma 
exposure rate exposure rate dose rate Estimated 

at surface at 1 m at surface area 
bR/Wb (/W-Q” (mrad/hr) (m’) 

1 2+73, 05R 45 
2 lf10, 12R 24 
3 1+60, 27R 24 
4 O-30, 30R 10 
5 O-50, 30R 24 
6 O-75, 50R 10 
7 o-30,60R 20 
8 0+98, 120R 30-55 
9 2+62, 137R 24 

10 2+60, 145R 24 
11 -1-85, 20L 30-150 
12 2+70, 23L 45 
13 O-90, 35L 24 
14 -1-65, 35L 67 
15d -2-00,5OL 300 
16e 2+50,5OL 120-450 
17 1+35, 60L 45 
18 1+45,6OL 45 
19 2+10, 60L 76 
20 2+45,6OL 61 
21 -1-65, 62L 73 
22 -l-75,75L 240 
23f -2-00,75L 91 
24s -2-25, 75L 24 
25’ 2+50, 75L 61-300 

c 

c 

C 

C 

C 

C 

C 

23 
6 
C 

c 
C 

C 

C 

61 
45 

C 

C 

C 

c 
C 

45 
C 

C 

30 

C 

C 

0.04 
C 

C 

C 

C 

0.5 
0.06 

C 

C 

C 

C 

C 

0.35 
5 

C 

C 

C 

C 

C 

0.45 
c 
C 

0.6 

-co. 1 
co.1 
<O.l 
<O.l 
<o. 1 
0.28 

C 

1.5 
X0.1 

C 

1.9 
<O.l 
0.28 

-co. 1 
9.3 

-1.9 
x0.1 
<O.l 
0.093 
0.093 

co.1 
2.8 
2.8 

C 

1.6 

Todes are shown on Fig. 6 in locations approximating grid points where anomalies were 
measured. 

bMaximum gamma exposure rate measured during scan of grid block. 
‘No measurement taken. 
dMaximum e Is un 1 ve fo d in many spots within grid block. 
‘Maximum levels found in spotty regions next to building wall. 
‘Measurement located south of fence. 
sAverage gamma exposure rate during scan of grid block. 
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3.1.2 Surface Soil Samples 

Surface (O-l 5 cm) soil samples were taken at locations Sl through S19 and Bl 
through B9 as exhibited on Fig. 7. The samples designated “systematic” (Sl-S19) were 
taken at systematically chosen locations; those designated “biased” (Bl-B9) were taken in 
areas showing elevated gamma radiation levels. Concentrations of 238U, 226Ra, and 232Th 
in these samples are listed in Table 5. 

Concentrations of 232Th in systematic soil samples ranged from less than 1 to 
370 pCi/g. Of the 20 systematic soil samples analyzed for 232Th, all but four were at 
background levels. Concentrations as high as 3900 pCi/g of 232Th were observed in 
biased samples. The maximum concentration of 232Th exceeds the DOE guideline of 
5 pCi/g above background in any top 15-cm layer of soil by a factor of approximately 
800. Concentrations of 238 U in systematic surface soil ranged from 0.74 to 97 pCi/g and 
averaged 12 pCi/g. The maximum concentration of 238U found in biased soil samples was 
44,000 pCi/g. Fourteen of the twenty systematic soil samples contained uranium concen- 
trations in excess of local background. All concentrations of 226Ra in surface soil samples 
were well below the DOE guideline and were at or near background levels for the Beverly 
area. 

3.1.3 Subsurface Soil Samples and Gamma Logging of Auger Holes 

Holes were augered at the locations outdoors as shown on Fig. 8 and beneath Buildings 
B-l, B-2, B-3, and C-l (see Sects. 3.2.3 and 3.2.4). One to several soil samples were 
taken from each hole at various depths ranging from the surface to 3.5 m. Selected auger 
holes were then “logged” using a gamma scintillation detector. 

The logging technique used here is not radionuclide specific. However, the logging 
data, in conjunction with the soil analyses data, may be used to estimate the region of con- 
tamination in the auger holes. It appears from a comparison of these data that a reading 
of 1000 cpm or greater using the shielded scintillator indicates the presence of elevated 
(above background) concentrations of 238U, 226Ra, and 232Th. Graphs of the gamma log- 
ging of the holes are provided in the appendix. 

Concentrations of 238U, 226Ra, and 232Th found in subsurface soil on this property are 
presented in Table 6. Concentrations of 238U in soil samples taken from auger holes out- 
side buildings ranged from 1.7 to 62,000 pCi/g. The maximum concentrations of 226Ra 
and 232Th found were 30 and 53 pCi/g, respectively. These concentrations exceed the 
DOE guideline concentration of 15 pCi/g in any 15-cm layer of soil beneath the surface 
by factors of approximately 2.0 and 3.5, respectively. The contaminated regions outdoors, 
as determined by the soil sample results, are shown on Fig. 9. Analyses of subsurface 
strata taken from beneath buildings showed concentrations of 238U ranging from 1.8 to 
71,000 pCi/g and averaging 1800 pCi/g. The maximum concentrations of 238U found 
beneath Buildings B-l, B-2, B-3, and C-l were 14,000, 71,000, 17, and 1400 pCi/g, 
respectively. Concentrations of 226Ra and 232Th ranged from 0.08 to 37 pCi/g and <0.08 
to 3.3 pCi/g, respectively. 
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Table 5. Concentration of radionuclides in surface soil samples from 
the Ventron site 

Sample 
number 

Locationa Depth 
(cd 

Radionuclide concentration (pCi/g) 

226Rab 232ThC 238ud 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18A 
18B 
19 

Bl 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9A 
B9B 

-2-00,125R 
-1-75, 1OOR 
-1-00, 125R 
- l-75, 125R 
-1-50, 50R 

O-75, 50 R 
- I-00, 50R 

O-75, 25R 
2+75, 1OOR 
2+75,75R 
2+45, 155R 
1+25,02R 
O-25, 75L 

-2-75, BL 
-2-50,5OL 
-2-25,75L 
-2-00, 1OOL 
-I-75,75L 
- 1-75,75L 
-2-00,75L 

South, Bldg. C-l 
West, Bldg. C-l 
West, Bldg. C-l 
West, Bldg. C-l 
2+63, 132R 
1+00, 115R 

-2-00, 3OL 
-1-65,65L 
-0-50,25R 
-0-50, 25R 

Systematic Samples’ 

o-15 0.77 III 0.04 
o-15 0.65 + 0.04 
O-15 0.58 + 0.04 
O-15 0.85 f 0.03 
O-15 0.78 +: 0.1 
O-15 0.60 31 0.04 
o-15 0.69 zk 0.06 
o-15 0.70 +: 0.04 
o-15 0.84 z!z 0.05 
o-15 0.91 + 0.05 
O-15 0.71 + 0.1 
o-15 0.76 I!Z 0.02 
O-15 0.68 + 0.07 
O-15 0.88 iI 0.04 
O-15 0.68 + 0.04 
O-15 0.86 + 0.05 
O-15 1.1 I!I 0.05 
O-15 0.88 I!z 0.04 

35-50 3.0 + 1 
O-15 2.9 I!z 3 

Biased sample? 

O-15 6 +5 
o-15 <l 
O-15 <l 
O-15 <l 
O-15 0.91 f 0.3 
O-15 1.7 + 0.3 
o-15 2.0 -I- 0.4 
O-15 <l 
o-15 0.73 rt 0.02 

45-50 0.62 + 0.02 

0.83 
0.65 
0.78 
0.88 
0.81 
0.69 
0.74 
0.86 
0.77 
1.1 
0.70 
0.81 
0.72 
1.1 
0.77 
1.3 
6.1 

23 
160 
370 

1,300 
340 
240 
<I 
20 
2.1 

390 
3,900 

0.83 
0.74 

. 

0.74 
1.0 
8.4 
0.81 

50 
9.9 
6.4 

97 
1.1 
1.3 
5.0 
4.1 
1.0 

17 
3.4 L 

9.7 
5.4 
2.9 

, 

6.3 
17 

48 
120 
89 

44,000 
7.7 

200 
24 
93 
57 
11 

c 

‘Locations of soil samples are shown on Fig. 7. 
bIndicated counting error is at the 95% confidence level (-t- 2 a). 
The error of the reported radionuclide concentration is + 5% (95% confidence level). 
dTotal analytical error of measurement results is less than + 5% (95% confidence level). 
CSystematic samples are taken at grid locsitions irrespective of gamma exposure. 
fBiased samples are taken from areas shown to have elevated gamma exposure rates. 

4 
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Table 6. Concentration of radionuclides in subsurface soil samples 
from the Ventron site 

Radionuclide concentration 
Hole 

number 
Locationa Depth 

(cm) 
226Rab 

Wi/d 23%,-f 238@ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 1+45, 60L 

13 -l-60,55L 

14 

15 0+96, 127R 

16 1+50,3R 

17 0+98, 2R 

18 Bldg. B-l 

-1-65,65L 
-2-00, 3OL 
- l -78,4OL 
-l-97,55L 
-1-40,33L 

0+35, 12L 
1+95, 60R 
2+42, 137R 

-1-00,26L 
-2-00,125R 

2+70, 30L 

-1-95, 3OL 

Outdoors 

O-30 
O-30 
O-30 
O-30 
O-30 
O-30 
O-30 
O-30 
O-30 
O-30 
O-15 

15-45 
45-60 
60-75 
O-15 

50 
O-20 

40-80 
80-90 

135-150 
O-15 

15-45 
45-60 
90-100 

135-165 
185-195 
275-305 

O-15 
15-45 
45-50 
O-15 

20-25 
O-10 

lo-20 

0.66 + 0.07 
3.2 f 0.4 
0.74 + 0.02 
3.9 I!I 0.1 
0.84 zk 0.08 
0.77 f 0.04 
0.43 31 0.06 
0.87 I!I 0.04 
0.91 z!z 0.3 
0.77 + 0.04 
0.95 + 0.2 

<l 
<l 
<l 

30 f 0.7 
6.6 + 1.8 
0.92 rf: 0.4 
0.72 + 0.04 
0.90 2 0.2 
0.70 + 0.03 
1.2 + 0.05 
1.6 f 0.1 
1.2 + 0.03 
0.90 f 0.2 
1.1 + 0.04 
1.0 f 0.06 
0.87 31 0.03 
1.4 + 0.1 
1.6 + 0.08 
0.84 + 0.07 
0.67 + 0.04 
0.74 + 0.09 
0.78 + 0.03 
0.64 + 0.07 

Under Buildings 

8-18 <l 
18-30 <l 
45-60 KO.11 

15 
12 
1.4 
1.2 
5.0 
0.87 
0.42 
0.85 
0.74 
0.85 
1.5 

CO.14 
46 

6.8 
0.82 
2.1 

53 
0.97 
1.9 
0.81 

41 
11 
7.3 
2.2 
1.3 
4.5 
1.1 
1.2 
0.90 
0.89 
0.85 
0.70 
0.62 
0.72 

3.7 
26 
6.5 
6.3 
5.6 
1.9 
5.4 

60 
3.1 
4.5 

88 
590 

62,000 
5,600 

45 
12 
7.2 
1.7 
8.1 
4.2 

19 
34 
12 
9.7 

18 
28 
30 

590 
19 
38 
3.7 
3.7 
3.7 
2.7 

<l 460 
<l 14,000 

KO.08 210 
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Table 6 (continued) 

Hole 
number Locationa Depth 

(cm) 

Radionuclide concentration 
WVd 

226Rab 232fic 238lJd 

c 

19 Bldg. B-2 

20 Bldg. B-2 

21 Bldg. B-2 

22 Bldg. B-2 
23 Bldg. B-3 

24 Bldg. C-l 

25 Bldg. C-l 

Under Buildings 

60-85 KO.08 KO.05 130 
85-105 0.72 z!z 0.05 0.90 57 

105-120 0.60 f 0.07 0.72 40 
120-140 0.65 ~fr 0.07 0.70 46 
140-155 0.62 31 0.06 0.73 37 
lo-35 <1 <I 71,000 
35-55 <1 <l 4,200 
55-75 4.4 t 0.4 2.0 290 
75-95 3.5 z!I 0.1 2.2 150 
95-120 5.6 + 0.2 1.8 1,500 

120-145 2.7 + 0.2 1.2 72 
145-180 37 &I CO.23 940 
180-215 0.37 AI 0 X0.26 850 
15-30 2.7 f 0.6 Cl 1,900 
30-45 4.7 + 0.1 1.4 170 
45-65 2.8 rt 0.2 1.7 39 

115-125 1.0 f 0.06 0.94 35 
125-140 0.60 i- 0.03 0.60 16 
140-l 55 0.61 + 0.03 0.58 13 

8-25 1.2 z!I 20 1.2 440 
25-45 0.84 f 0.1 1.8 76 
8-30 1.2 + 0.08 0.97 90 

45-95 1.0 f 0.7 0.40 10 
95-l 15 0.92 + 0.04 0.80 7.1 

115-140 0.40 31 0.08 0.67 1.9 
140-170 1.3 Ik 0.09 1.2 7.6 

8-35 <I <I 540 
35-65 2.0 t- 1 2.2 1,400 
65-85 0.66 zk 0.2 0.74 110 
85-l 10 1.5 + 0.09 1.7 82 

110-135 3.0 zk 0.1 3.1 56 
135-155 2.1 +6 2.4 29 
155-180 2.5 + 0.07 2.7 48 
180-205 2.5 f 0.07 3.3 35 
15-30 KO.08 0.98 54 
85-l 10 0.70 -f 0.1 <l 460 

1 IO-135 2.3 +- 0.3 2.3 150 
135-155 1.3 It_ 0.2 1.2 130 
155-180 3.4 f 1 3.1 940 
180-195 0.75 zk 0.05 0.64 810 
195-215 0.62 + 0.19 0.79 130 
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Table 6 (continued) 

Hole 
number Locationa Depth 

(4 

Radionuclide concentration 
Wi/d 

226Rab 232-,-f 238ud a 

Under Buildings 

26 Bldg. C-l 

27 Bldg. B-3 

lo-35 0.82 z!z 0.06 1.0 
35-60 0.98 + 0.06 0.88 
60-85 0.68 + 0.06 0.88 
85-105 2.3 + 0.06 2.5 

105-130 2.7 f 0.1 2.5 
130-150 2.2 + 0.09 2.5 
150-175 2.1 f 0.1 2.2 
175-195 2.3 f 0.45 2.2 
195-245 0.77 f 0.1 <l 

8-35 0.66 zk 0.03 0.69 
35-55 1.1 + 0.12 0.9 
55-75 0.56 z!z 0.05 0.67 
75-100 0.60 f 0.06 0.75 

loo-145 0.54 + 0.06 0.67 

c 

34 
24 
15 
6.6 

22 
72 
65 
49 
36 
5.3 

17 
16 
1.8 
5.6 

‘Locations of soil samples are shown on Fig. 8. 
bIndicated counting error is at the 95% confidence level ( + 2 a). 
The error of the reported radionuclide concentration is f 5% (95% confidence level). 
dTotal analytical error of measurement results is less than sf: 5% (95% confidence 

level). 



- 0 

- _-_ - - 

I * 
1 =8 

ORNL-DWG 86-12865 

CONGRESS STREET 

OL!.5 j5 

FEET 

+ 
+ + + 

l.q.-ggE 

. ii?. 

+ + 
DANVERS RIVER (Tidal) + 75L 

+ + + + + + + + + + + + + + + + + + + + + + + lOOL 
3+oo 2+75 2+50 2+25 2+oo ‘i-75 M” I+25 1+oo o+75 O+5o 0+25 Of00 O-25 O-50 o-75 -l-oo.+25 +5o +75 -2-oo -2-25 -2-50 

Fig. 9. Contaminated regions outdoors at the Ventron site as indicated by soil sample analyses. 



24 

Table 7. Extent of subsurface contamination at the Ventron site as indicated by scintillation probe 
loggings and soil sample analyses 

Hole Locationa 

Radionuclide concentration in i 
Estimated Region of region of maximum contamination 

Depth vertical extent of maximum W/g> 
of hole contaminated soilb contamination 4 

Cm) 6-4 (ml 226~~C 232Thd 238~~ 

1 -1-65, 65L 2.6 
2 -2-00,3OL 3.4 
3 -I-78,4OL 3.4 
4 -1-97, 55L 3.5 
5 -1-40, 33L 2.3 
6 0+35, 12L 2.4 
7 1+95,60R 0.76 
8 2+42, 137R 3.2 
9 -l-00,26L 2.6 

10 -2-00, 125R 1.4 
11 2+70, 30L 0.75 
12 1+45, 60L 0.51 
13 -1-60, 55L 2.3 
14 -1-95, 3OL 3.05 
15 0+96, 127R 0.50 
16 1+50, 3R 0.25 
17 0+98,2R 0.20 
18 Bldg. B-l 1.6 
19 Bldg. B-2 2.2 
20 Bldg. B-2 1.6 
21 Bldg. B-2 0.61 
22 Bldg. B-2 0.3 
23 Bldg. B-3 1.7 
24 Bldg. C-l 2.1 
25 Bldg. C-l 2.2 
26 Bldg. C-l 2.5 
27 Bldg. B-3 1.5 

O-2.6 
O-3.4 

f 
O-3.5 
O-2.3 

f 
f 

O-3.2 
f 
f 

O-O.75 
O-O.51 
o-O.3 
O-O.3 
O-O.5 

f 
f 

o-o.91 
o-2.2 
O-O.76 
O-O.61 
o-O.3 

f 
O-2.1 

0.3-2.2 
0.76-2.5 

f 

O-O.3 
O-o.15 

f 
1.1-1.3 

O-O.3 
f 
c 

A.3 
f 
f 

0.45-0.6 
O-O.15 
O-O.2 
o-O.15 

0.15-0.45 
f 
f 

0.18-0.3 
0.10-0.35 
0.15-0.3 
0.08-0.25 
0.08-0.3 

f 
0.35-0.65 

1.6-1.8 
1.3-2.0 

f 

0.66 IL 0.07 
3.2 2 0.4 
0.74 f 0.02 

Not Sampled 
0.84 + 0.08 
0.77 + 0.04 
0.43 + 0.06 
0.87 rt 0.04 
0.91 f 0.3 
0.77 -t- 0.04 

<l 
30 + 0.7 

0.92 f 0.4 
1.2 I!z 0.05 
1.4 If: 0.1 
0.74 + 0.09 
0.78 f 0.03 

<l 
<l 

2.7 t 0.6 
1.2 * 20 
1.2 + 0.08 
1.0 z!z 0.07 
2.0 I!I 1 
3.4 + 1 
2.2 f 0.09 
1.1 + 0.12 

15 3.7 
12 26 

1.4 6.5 

5 5.6 
0.87 1.9 
0.42 5.4 
0.85 60 
0.74 3.1 
0.85 4.5 

46 62,000 
0.82 45 4 

53 8.1 
41 30 

1.2 590 \ 
0.70 3.7 
0.62 3.7 

<l 14,000 
<1 71,000 
<l 1,900 

1.2 440 
0.97 90 
0.40 10 
2.2 1,400 
3.1 940 
2.5 72 
0.9 17 

aLocation shown on Fig. 8. 
bContaminated soil is defined as soil having concentrations of 226Ra or 232Th >, than the criteria given 

in Table 2, or giving rise to 1000 cpm or more on the shielded scintillator. 
CIndicated counting error is at the 95% confidence level ( + 2 a). 
dThe error of the reported radionuclide concentration is + 5% (95% confidence level). 
‘The total analytical error is f 5% (95% confidence level). 
‘No measurement above criteria given in b above. 
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The gamma logging data and the soil sample analyses results were used to estimate the 
depth of contamination in the bore holes (Table 7). Contamination beneath the basement 
floors of Buildings B-l, B-2, and C-l extends to 2.5 m. In the southeast portion of the 
site (holes 2 and 4), the depth of contamination appears to be >3 m. 

4 3.1.4 Sediment Samples 

Sediment samples were taken from three of the four storm sewer manholes located as 
shown on Fig. 10. Table 8 lists the concentrations of 226Ra, 232Th, and 238U found in 
those samples. Radionuclide analysis of the sediment samples indicated 226Ra concentra- 
tions exceeded 5 pCi/g in all three samples and 232Th was as high as 21 pCi/g in one 
sample (the other two were equal to background). 

3.2 INDOOR SURVEY RESULTS 

Surface contamination levels measured on the site are compared in this report with 
DOE guidelines for release of property for unrestricted use. The major contaminant on 
the Beverly site is 238U. DOE guidelines specify that average and maximum direct alpha 
measurements of uranium and natural uranium (uranium in equilibrium with its decay 
products) should not exceed 5000 and 15,000 dpm/lOO cm2, respectively, and transferable 
alpha should not exceed 1000 dpm/ 100 cm2. Records and survey data also indicate 232Th 
was used at this site. Average and maximum surface contamination limits for 232Th are 
1000 and 3000 dpm/lOO cm2, respectively, and 200 dpm/lOO cm2 for transferable alpha. 
Furthermore, average and maximum beta-gamma dose rates for all radionuclides should 
not exceed 0.20 mrad/h and 1.0 mrad/h, respectively. Unless otherwise stated, beta- 
gamma dose rates between 0.20 mrad/h and 1.0 mrad/h reported in this document are 
average measurements over an area of not more than 1 m2 and are considered to be above 
DOE guidelines. 

Whenever feasible, data from the indoor survey are displayed in figures rather than 
tables. Where grid blocks are shown in a figure, it should be assumed that measurements 
were taken in each survey block as described in Sect. 2.2, unless stated otherwise in the 
text. The absence of data for a particular type of measurement in a grid block or other 
defined area on any given figure should be interpreted as meaning that that particular 
measurement was below guidelines. Blocks which were completely inaccessible are labeled 
as such. The following notation is used in many of the figures in this report: 

da = direct alpha measurements in dpm/lOO cm2, 

d/3-r = directly measured beta-gamma dose rates in mrad/h 
measured at 1 cm distance from surfaces, 

. 
ta = transferable alpha contamination level in dpm/lOO cm2, 

tp = transferable contamination level in dpm/lOO cm2, 

y = gamma radiation level at the surface in pR/h. 
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Table 8. Concentration of radionuclides in sediment samples 
from storm sewers at the Ventron site 

Sample 
number 

LOcationa 
Radionuclide concentration (pCi/g) 

226Rab 232nb 238~~ 

1 No sample taken 
2 Of 10, IOR 
3 l+OO, 6R 
4 1 +80,6R 

100 k3 <l 1.5 
13 f 0.31 0.9 + 0.05 25 
1.4 & 0.28 21 t 0.28 1.2 

aLocations of samples are shown on Fig. 10. 
bIndicated counting error is at the 95% confidence level ( f 2 a). 
Total analytical error of measurement results is less than f 5% (95% confidence level). 
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Any small oval, circular, or rectangular area shown on the figures and associated with 
an elevated measurement is intended only as a first approximation of the extent of the 
contaminated area and is not drawn to scale. 

3.2.1 Building A \ 

Building A was used for uranium processing activities and contains one main floor and 
a basement. On the first floor were offices and laboratories on the east side of the build- . 

ing, with shipping and receiving areas in the northwest quadrant. Some of the rooms had 
been converted from processing areas to office rooms by the addition of dropped ceilings, 
finished walls, etc. Processing activities were being carried out in the remainder of the 
first level. Figure 11 shows the layout of the entire building. 

Gamma exposure rates measured near the center of grid blocks and during the scan of 
grid blocks in the building and on the roof are given in Table 9, averaged by room, grid 
block, or type of structure. Exposure rates in first floor and basement rooms ranged from 
7 to 52 pR/h during the scan of accessible areas and averaged 12 pR/h both at 1 m 
above the surface and at the surface near the center points of grid blocks. Gamma levels 
in overhead regions ranged from 13 to 78 pR/h and were 7 to 160 pR/h on the roof. 

Alpha and beta-gamma measurements taken inside the building and on the roof are 
listed by location in Table 10. Numerous regions in which levels were higher than the i 
average for the same survey block were observed in rooms 20 and 29 where processing 
activities would be expected to result in residual contamination. By comparison, little con- 
tamination was detected during the grid block survey of other first floor rooms. However, )r 

measurements approaching and exceeding DOE guidelines were noted in several areas, 
including overhead regions, as indicated in Fig. 11 and associated Tables. The areas 
designated by lowercase letters (a through e) indicate locations of contamination on floors 
and/or lower walls. An area under a weighing table in room 19 gave a direct alpha meas- 
urement of 2500 dpm/lOO cm 2. Two areas in room 27, one in the northeast corner and 
the other at the floor/wall interface at the south wall, had associated beta-gamma dose 
rates of 0.3 mrad/h. Finally, gamma exposure rates were 26 to 32 kR/h at the locations 
indicated in room 28. 

Table 11 lists the radiological measurements taken in 13 regions of the floor drain 
troughs, The locations of the measurements are exhibited on Fig. 11. Surface contamina- 
tion in the troughs was evidenced by direct alpha activities ranging to 2000 dpm/lOO cm2. 
Furthermore, beta-gamma dose rates were 0.2 mrad/h and higher in four of the trough 
regions. The maximum beta-gamma dose rate measured was 1.7 mrad/h. 

I 

The level of contamination in overhead regions in rooms other than 20 and 29 is indi- 
cated by the data given in Table 12. Beta-gamma dose rates of 0.01 to 1 mrad/h were 
found in association with alpha activities ranging from 40 to 350 dpm/lOO cm2. Gamma 

I 

exposure rates were also elevated in several of the regions, ranging from 13 to 78 ,uR/h. 
Transferable alpha and beta-gamma contamination in one area in room 30 measured 52 
and 122 dpm/ 100 cm2, respectively (below the thorium limit). All other measurements of 
transferable contamination in overhead regions were lower. Most of the elevated gamma 
readings found in room 28 were due to contamination on the roof above. 



Table 9. Gamma &xposure rate measurements in Building A 
at the Ventron site 

Locationa 

First level 

Center point measurementsb 
W/h) Range of gamma Average gamma 

exposure rates exposure rate 
Average gamma Average gamma from scan of from scan of 

exposure rate exposure rate grid blocksC grid blockse 
at 1 m at the surface (4-W) W/h) 

Room 1 10 10 9-11 10 
2 12 12 8-15 12 
3 14 15 12-19 16 
4 12 12 lo-14 12 
5 9 10 7-12 10 
6 8 8 7-10 8 
7 15 15 12-17 14 
8 15 13 12-15 14 
9 11 11 lo-14 12 

10 12 12 l&15 13 
11 11 12 12-17 14 
12 15 15 12-16 14 
13 11 11 lo-13 11 
14 9 10 7-11 9 
15 10 11 7-11 10 
16 12 12 11-14 12 
17 12 12 lo-15 13 
18 13 13 11-15 13 
19 12 12 IO-14 12 
20 12 12 7-52 12 
21 10 11 lo-12 11 
22 10 10 l&-12 10 
23 11 12 11-15 12 
24 11 12 12-14 13 
25 17 16 lo-17 19 
26 17 13 12-19 14 
27 16 16 12-19 20 
28 21 17 IO-32 19 
29 14 16 1 l-32 16 
30 10 10 7-17 10 
31 13 13 12-15 14 
32 10 11 8-14 11 
33 11 12 7-15 I1 
34 8 10 8-11 9 
35 11 11 11-17 13 
36 10 12 8-14 11 
37 12 12 lo-14 12 



Table 9 (continued) 

Locationa 

Center point measurementsb 
bR/h) Range of gamma Average gamma 

exposure rates exposure rate * 
Average gamma Average gamma from scan of from scan of 

exposure rate exposure rate grid blocksC grid blocksC 
at 1 m at the surface W/h) W/h) . 

Overhead 

Room 20 d d 13-52 23 
28 d d 13-78 52 
30 d d - 50 

Basement 

Room 1 
2 
3 

Roof 

Grid block A 
B 
C 
D 

11 
9 

10 

d 
d 
d 
d 

12 
10 
10 

d 
d 
d 
d 

7-15 11 
7-13 10 
7-45 10 

l-160 30 
l-130 13 t 

7-13 9 
6-12 8 

E 
Fan duct 37 
Wall vents 
Hooded vent 33 

d 
d 
d 
d 

d 
d 
d 
d 

5-17 8 
. 

- 36 
11-15 14 

- 36 

aLocation shown on Figs. 11, 19, and 22. 
bCenter point measurements are discrete measurements near the center of each grid block. 
‘Grid block measurements are obtained by a scan of the entire block. 
dNo measurement taken. 
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Tabie 10. Alpha and beta-gamma measurements in Building A 
at the Ventron site 

Location” 

Directly measured contamination 

Alpha Beta-gamma 

(dpm/lOO cm’) dose rate at 1 cm 
(mrad/h) 

Average Range Average Range 

Transferable contamination 

Alpha Beta-gamma 
(dpm/lOO cm’) (dpm/lOO cm2) 

Average Range Average Range 

First level 

Room 1 20 
2 20 
3 20 
4 30 
5 20 
6 20 
7 30 
8 20 
9 10 

10 10 
11 10 
12 30 
13 30 
14 30 
15 20 
16 20 
17 20 
18 10 
19 370 
20 270 
21 30 
22 <IO 
23 10 
24 0 
25 20 
26 40 
21 20 
28 40 
29 380 
30 x97 
31 20 
32 30 
33 30 
34 30 
35 30 
36 30 
37 20 

O-40 
CM0 
O-40 
O-40 
O-40 
CL40 

2C-40 
040 
O-20 
CL20 
O-40 

20-60 
2@-40 
2C-40 
O-40 
O-40 
O-40 
O-20 
O-2,500 
04,200 
MO 
O-20 
O-20 
o-o 
O-40 
- 

O-20 
O-80 

40-760 
o-2,900 
O-40 

20-40 
O-60 

20-40 
20-40 
20-40 
O-40 

0.02 - 
0.01 - 
0.01 - 
0.02 - 
0.02 - 
0.02 - 
0.02 - 
0.02 - 
0.02 - 
0.02 - 
0.03 - 
0.02 - 
0.02 0.01-0.02 
0.01 - 
0.01 - 
0.01 - 
0.01 - 
0.02 - 
0.02 - 
0.56 0.02-3 
0.02 - 
0.02 0.01-0.02 
0.02 - 
0.01 - 
0.03 0.02-0.03 
0.03 - 
0.19 0.05SO.3 
0.03 0.20-0.05 
0.46 0.03-1.5 
0.03 0.01-0.25 
0.01 - 
0.02 0.01-0.02 
0.02 0.02-0.02 
0.01 - 
0.02 - 
0.02 - 
0.03 - 

b 

i 
b 
b 
b 
b 
b 
b 
C 

; 
b 
b 
b 
b 
b 

; 
C 

c 

i 
b 

i 
b 
C 

i 
b 
C 

i 
b 
b 
b 

b 
- 
b 
b 
b 
b 
b 
b 
b 
- 

- 
- 
- 

- 
b 
b 
- 

b 

; 
b 
b 
b 
b 
b 
b 

8; 
b 
b 
b 
b 
b 
b 
27 
c 
C 

C 

it 
b 

41 
b 
b 

41 

i 
b 

95 
54 
b 
b 
b 
b 

b 
- 
b 
b 
b 
b 
b 
b 
b 
- 

- 
- 
- 
- 
b 
b 
- 
b 
b 

O-82 
- 
b 
b 
- 



Table 10 (continued) 

Directly measured contamination 
Transferable contamination 

Locationa 

Alpha 
(dpm/lOO cm2) 

Average Range 

Beta-gamma 
dose rate at 1 cm 

(mrad/h) 

Average Range 

Alpha Beta-gamma 
(dpm/lOO cm2) (dpm/ 100 cm2) 

Average Range Average Range 

Overhead 

Room10 300 
11 10 
12 10 
19 130 
20 10 
28 130 
29 580 
30 70 
32 30 

Basement 

Room 1 50 O-200 0.21 0.02-1.9 b b b b 
2 100 40-570 0.26 0.01-1.3 b b b b 
3 80 O-280 0.06 0.02-0.3 b b b b 

Roof 

Grid block A 
B 
C 
D 

Fan duct 
Wall vents 
Hooded vents 

350 
C 

i 
150 
400 

7,500 

- 

60-210 
O-110 

40-280 
loo-760 

O-350 
O-120 

O-700 
C 

; 

o-1,600 
4,900-10,000 

0.02 
0.02 
0.02 
0.14 
0.3 
0.13 
0.26 
0.19 
0.05 

- 
0.05-0.3 
0.02-2 
0.01-0.2 
0.01-0.85 
0.01-1.3 
0.01-0.15 

3 
b 
b 
b 
b 
b 
b 
52 
C 

68 
b 
b 
b 
b 
b 
b 

122 
C 

0.17 
0.06 
0.02 
0.02 
5 
0.13 
1.1 

0.05-0.32 
o-02-0.22 

- 
0.01-0.75 
0.01-2.2 

*Location shown on Figs. 11, 19, and 22. 
bNo measurement taken. 
‘Measurement could not be distinguished from background. 
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Table 11. Alpha, beta-gamma, and gamma measurements in drain troughs 
in Building A at the Ventron site 

Room/ 
Locationa 

Average direct Beta-gamma dose 
alpha activity rate at 1 cm 

on surface above surface 
(dpm/lOO cm2) (mrad/hr) 

Average gamma 
exposure rate 

(/Wh) 

20/l 
20/2 
2013 
2014 
3015 
3016 
3017 
3018 
3019 
30/10 
7/11 

32/12 
32113 

2000 
130 
600 

b 

b 

b 

b 

b 

1600 
320 
800 

1500 
500 

1.7 26 
0.1 45 
0.2 15 
0.05 16 
0.02 10 
0.01 7 
0.01 10 
0.03 10 
0.25 12 
0.05 14 
0.06 12 
0.3 14 
0.05 14 

Vocation indicated on Fig. 11. 
bMeasurements could not be distinguished from background. 
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Table 12. Alpha, beta-gamma, and gamma measurements in contaminated areas of 
overhead regions of Building A at the Ventron site 

Room/ 
locationa 

Directly measured contamination 
Beta-gamma dose rate 

Alpha at 1 cm from surface 
(dpm/lOO cm2) (mrad/h) 

Average gamma 
reading from scan 

bR/h) 

10/Ab 
19/B 
19/c 
19/D 
28/E 
28/F 
28/G 
28/H 
30/I 
30/Jd 
30/K 
32/L 

300 0.02 
210 0.05 
120 0.07 
60 0.3 

280 0.01 
80 0.17 
40 0.2 

2s”o 0; 
350 1 
100 0.01 
120 0.2 

C 

C 

C 

1: 

78 
65 
77 
50 
C 

C 

C 

‘Location shown on Fig. 11. 
bThis area showed transferable alpha and beta-gamma contamination levels of 3 and 68 

dpm/lOO cm2, respectively. 
‘Measurement could not be distinguished from background. 
dThis area showed transferable alpha and beta-gamma contamination levels of 52 and 120 

dpm/lOO cm2, respectively. 
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In room 20, crushing, leaching, and retorting processes were carried out. A view of the 
base of the rotary kiln above the acid leaching pit is provided in Fig. 12. Another photo- 
graph taken from the pit shows the raised wooden roof above (Fig. 13). The regions 
where radiological measurements exceeded DOE guidelines or where alpha measurements 
exceeded 100 dpm/ 100 cm2 ( 10% of the thorium limit) are identified on Fig. 14. Surface 
contamination exceeding guidelines was found on walls, floors, and overhead surfaces in 
this room. Beta-gamma dose rates ranged from 0.02 to 3 mrad/h, with the maximum 
occurring near a large piece of machinery located in the acid leach pit. Direct alpha 
measurements in the pit averaged 280 dpm/lOO cm2 with, a maximum of 
380 dpm/lOO cm2 in the center of the pit’s north wall. Gamma radiation levels ranged 
from 20 to 31 pR/h on the walls and floor of the pit. 

The maximum level of alpha contamination noted in room 20 was 4200 dpm/lOO cm2 
and was found in the northwest corner of survey block D4 near the drain trough. At the 
same point, the beta-gamma dose rate was 1.7 mrad/h. A crack in the floor outside the 
northeast corner of the pit gave a beta-gamma dose rate of 0.6 mrad/h. Elevated beta- 
gamma dose rates ranging from 0.2 to 0.75 mrad/h were observed on top of, and inside, a 
shed located northwest of the pit and housing a rotary crusher. At the rotary kiln and 
surrounding gear above the pit, beta-gamma dose rates were 1.0 to 2.0 mrad/h. A fan 
overhead in the southeast corner of the pit gave a beta-gamma dose rate of 0.5 mrad/h. 
The alpha contamination levels overhead were generally 100 to 110 dpm/ 100 cm2. 
Beta-gamma exposure rates overhead ranged to 2.0 mrad/h, and gamma radiation levels 
were 10 to 52 pR/h. Elevated gamma radiation levels measured overhead were increased 
significantly by secondary radiation from roof contamination. 

The floor and walls of room 29, the fan pit, were divided into survey blocks as indi- 
cated on Fig. 15. Figure 16 is a view of the pit showing the process exhaust fan. A view 
looking above at the large fan duct and raised roof area is provided in Fig. 17. As indi- 
cated on the drawing in Fig. 15, there are a number of contaminated regions with meas- 
urements exceeding DOE guidelines. The maximum beta-gamma dose rate was 
1.5 -mrad/h with six measurements ranging between 0.2 and 1.5 mrad/h. In grid block 
B4’ a variety of “hot spots” and miscellaneous structural cracks displayed beta-gamma 
contamination levels above guidelines. Gamma exposure rates were also elevated, ranging 
from 11 to 58 pR/h. Alpha activities ranging from 100 to 760 dpm/lOO cm2 were 
found by direct reading on the walls, windows, and overhead surfaces of the pit. 

In room 30, white powder covering areas of the kilns (Fig. 18) displayed alpha activi- 
ties ranging from 60 to 2700 dpm/ 100 cm2. The surrounding surfaces of the bowls in the 
kilns read an average of 900 dpm/lOO cm2 with a maximum of 2900 dpm/lOO cm2. The 
beta-gamma dose rates averaged 0.25 mrad/h. At the time of the survey, the powder was 
being used in an ongoing commercial process. 

Gamma measurements ranged from 5 to 160 pR/h on the roof of Building A. The 
locations of the grid blocks are shown on Fig. 19, and Table 13 details the level of con- 
tamination. Surface contamination was evident in scattered locations over the roof as well 
as in association with fan and vent structures as indicated. Residual contamination would 
be expected on these structures through which fumes and dust from the processing activi- 
ties would have exited. In general, gamma exposure rates increased from northeast to 

i 
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0RNLPHoTo 3267-86 

Fig. 12. View of rotary kiln in room 20, Building A, at the Ventron site. 

0RNLPHoTo3268-86 

Fig. 13. View of region above pit in room 20, Building A, at the Ventron site. 
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Fig. 16. View of the exhaust fan in room 29, Building A, at the Ventron site. 

0RNLPHcYm3270-86 

Fig. 17. View of the fan duct and raised roof above room 29, Building A, at the 
Ventron site. 
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ORNL-PHOTO 3271-86 

Fig. 18. View of kilns in room 30, Building A, at the Ventron site. 
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Fig. 19. Location of contaminated areas on the roof of Building A 
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Table 13. Alpha, beta-gamma, and gamma measurements in contaminated areas 
on the roof of Building A at the Ventron site 

Locationa 

Directly measured contamination 
Beta-gamma dose rate 

Alpha at 1 cm above surface 
(dpm/lOO cm2) (mrad/h) 

Average gamma 
reading from scan 

WW) 

Grid block 
Al 
A2 
A3 
B3 

b b 

700 0.32 
b 0.22 
b 0.22 

39 
78 
45 
13 

Wall vent 
16 
17 
18 
20 
21 
25 
26 

420 
150 
140 
210 
980 
490 

1,600 

0.15 
0.30 
b 

0.01 
0.05 
0.05 
0.75 

15 
11 

b 

14 
c 
C 

C 

Hooded vent 
33 
35 

10,000 2.3 36 
4,900 b d 

Fan duct 
37 150 5 36 

‘Location shown on Fig. 19. 
bNo measurement taken. 
CMeasurement could not be distinguished from background. 
dNo measurement possible due to nearby surface contamination. 
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southwest with the maximum measurement of 160 pR/h found in grid blocks A2 and A3 
where, apparently, residuals were funneled from room 29 below through the hooded vent 
as shown in Fig. 20. A view of this contaminated region, facing northwest from the 
hooded vent, is shown in Fig. 21. Fan duct number 37 in survey blocks C5 and C6 is 
above the rotary leach tank in room 20 below. The level of alpha contamination in that 
duct was observed to be 150 dpm/ 100 cm2 with an average beta-gamma dose rate of a 
5 mradjh. Overall direct alpha measurements on the roof ranged from 140 to 
10,000 dpm/ 100 cm2 in the contaminated areas with directly measured beta-gamma dose 
rates ranging to 2.3 mrad/h. ’ 

Most radiological measurements taken in rooms 1 and 2 of the basement of Building A 
did not differ significantly from background. The areas identified as having maximum 
contamination levels are shown on Fig. 22. Only two of these areas exceed DOE guide- 
lines. Beta-gamma dose rates of 1.3 mrad/h were measured on both sides of doors at the I 
southwest end of room 2. Surface contamination in this area was indicated by alpha 

, 

activities of 570 dpm/ 100 cm2. A wall ledge along the east part of the north wall in ! 

room 1 disclosed a maximum beta-gamma dose rate of 1.9 mrad/h. The associated alpha 
I 4 
, 

activity was 200 dpm/lOO cm’. In room 3, survey blocks through which a trough ran 
east to west displayed an average alpha contamination level of 120 dpm/ 100 cm2 and a , 

maximum gamma exposure rate of 45 pR/h. Above floor drain number 2 in room 3, the 
directly measured beta-gamma dose rate was 0.1 mrad/h. Within the drain, it was 

I I 
0.3 mrad/h. Additionally, alpha contamination was identified on several wall surfaces, 
ranging from 100 to 280 dpm/lOO cm2. 5 

3.2.2 Building A-l . 

Building A-l constitutes an addition to Building A and contained facilities for the pro- 
duction of distilled calcium and the drying of uranium oxide powder, a machine shop, and 
electric furnaces and kilns. A drawing of the interior floor plan is presented in Fig. 23. 

Gamma exposure rates measured near the center of grid blocks and during the scan of 
grid blocks in Building A-l and on the roof are given in Table 14. Exposure rates in first 
floor and basement rooms ranged from 7 to 45 pR/h during the scan of accessible areas, 
averaging 12 pR/h at 1 m from the surface and 13 hR/h at the surface near the center 
point of grid blocks. Gamma levels in overhead regions and on the roof ranged from 8 to 
12 pR/h and from 7 to 26 pR/h, respectively. 

Alpha and beta-gamma measurements taken within the building and on the roof are 
provided in Table 15. The location of regions in which measurements exceeded 
100 dpm/lOO cm2 is shown in Fig. 23. Five of the regions, designated a through e, are 
located in room 5. The contamination, manifested in every case as alpha activity, showed 
direct measurements of 110 to 2600 dpm/ 100 cm2. Two of the measurements in room 5 
were found at vents to the ceiling. The maximum level of alpha contamination, 
2600 dpm/lOO cm2, was measured at one of these vents. The other contaminated areas 
were located at the juncture of floors and walls. The alpha levels determined in regions f 
and g (180 and 160 dpm/ 100 cm2 respectively) were measured during grid block scans of 
rooms 8 and 9. 
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ORNL-PHOTO 327246 
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_ . . _ __.._- f’ .-* 

Fig. 20. View of the roof with hooded vent, Building A, at the Ventron site. 

ORNL-PHOTO 3273-86 

Fig. 21. View of the contaminated region of the roof, Building A, at the Ven- 
tron site. 



46 

---1 
x l-NM , 

11 

c 

a 

5% - SH9nOk.ll 

r 

?I= 
;e I 
I 

4 L. 

, 

I ‘I 
I 1 
L 

1lVM i --- 



47 

ORNL-DWG 8612769 

HHtt 
r-----l *4A 

LOCATED UNDER ROOM 

4 

FUEL 

STORAGE 

10 II 

I 
I 

f I 

I 
I 

-------I 
9 

SXCO!.~, 

1: 
I 
I 

I 
=--===I ’ 

f 9 
k---- I iFfG&EFi ----- 

6* 

Ii=== ZJ Y r-x 

\1 
:y 

BUILDING ‘h-1” BASEMENT 
BUILDING “A- I” FlRST FLOOR 

0 
ui.2 
SCALE Ft. 

r- 
:,a,; - $; = COMTIWINATED AREAS DISCUSSED IN TEXT. 

*= FIGS. 22, 23. 24, bND 28 SHOId CONllWINATfD REGIONS IN ROOMS 3, 4. 6, AND 4A. 

Fig. 23. Location of contaminated areas in Building A-l at the Ventron 
site. . 



48 

Table 14. Gamma exposure rate measurements in Building A-l 
at the Ventron site 

Locationa 

Center point measurementsb V 

(/W-G Range of gamma Average gamma 
exposure rates exposure rate 

Average gamma Average gamma from scan of from scan of t 
exposure rate exposure rate grid blocksC grid blocks” 

at 1 m at the surface W/h) W/h) 

First level 

Room 1 
2 
3 
4 
5 
6 
1 
8 
9 

10 

13 14 11-17 
13 13 1 l-17 
16 16 12-29 
12 13 10-19 
13 13 lo-19 
12 12 7-45 
12 13 8-16 
12 12 11-19 
12 12 lo-17 
13 13 lo-19 

14 
13 
16 
12 
12 
12 
12 
12 
13 
14 

L 

Overhead 

Room 5 
6 

d d - 10 
d d 8-12 11 

Basement 

Room 1 14 15 lo-19 15 
2 14 15 11-16 14 
3 13 14 11-15 13 
4 11 12 lo-18 12 

Roof 

Grid blocks 
Skylights 
Vents, drains 

d d lo-26 13 
d d 7-19 12 
d d 7-21 12 

aLocation shown on Figs. 23 and 3 1. 
bCenter point measurements are discrete measurements near the center of each grid 

block. 
CGrid block measurements are obtained by a scan of the entire block. 
dNo measurement taken. 

c 

* 

I 

r 
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Table 15. Alpha and beta-gamma measurements in Building A-l at the Ventron site 

Directly measured contamination 

Beta-gamma 
Alpha dose rate at 1 cm 

(dpm/lOO cm2) (mrad/h) 
Locationa Average Range Average Range 

Transferable contamination 

Beta-gamma 
dose rate at 1 cm 

Alpha from surface 
(dpm/lOO cm2) (dpm/ 100 cm2) 

Average Range Average Range 

First level 

Room 1 20 
Room 2 30 
Room 3 200 
Room 4 280 
Room 5 190 
Room 6 550 
Room 7 17 
Room 8 50 
Room 9 60 
Room 10 30 

Overhead 

Room 1 
Room 2 
Room 3 
Room 4 
Room 5 
Room 6 
Room 7 
Room 9 

40 - 

5; 4:80 
3,000 40-6,ooo 

33 O-60 
86 20-100 
42 28-56 
53 42-56 

Basement 

Room 1 
Room 2 
Room 3 
Room 4A 

b 
b 
b 

340 

Roof 

Grid blocks 
Skylights 
Vents 
Drain 

CL40 0.01 
O-40 0.03 

20-I ,000 0.08 
O-2,100 0.13 
O-2,600 0.05 
O-12,500 0.27 
O-20 0.02 
O-160 0.04 
O-180 0.03 
O-40 0.03 

0.01 - 
0.01 - 
0.02 - 
0.56 0.15-l 
0.02 - 
0.12 0.01-0.5 
0.06 0.01-0.1 
0.02 0.01-0.05 

- 

70-1,700 

C 

C 

c 
c 

0.03 0.02-0.03 
0.02 - 
0.02 0.02-0.02 
0.29 0.02-I 

0.34 0.1-0.6 
0.01 0.01-0.02 
0.02 0.01-0.03 
0.25 - 
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aLocation shown on Figs. 23, 24-26, and 30. 
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T4To measurement taken. 
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In room 3 (Fig. 24), which contained a stack and furnace, gamma exposure rates 
ranged from 12 to 29 pR/h. Average direct alpha activities found on floor and wall sur- 
faces ranged from 20 to 120 dpm/lOO cm 2. Alpha levels were higher on the floor and at 
the base of the stack, measuring 280 and 660 dpm/lOO cm2, respectively. A direct beta- 
gamma dose rate of 0.18 mrad/h was detected at the base of the stack. The maximum 
direct alpha measurement of 1000 dpm/ 100 cm2 was made in grid block B2. 

Room 4 served as a drying area for uranium oxide powder and exhibited contamination 
in several regions as indicated on Fig. 25. The walls (survey blocks A2, A3, Bl, and Cl) 
had average alpha contamination levels ranging from 120 to 680 dpm/lOO cm2. An iso- 
lated alpha measurement of 210 dpm/lOO cm2 was detected on the top of a piece of 
machinery in block C2. One region overhead in C3 gave directly measured alpha and 
beta-gamma activities of 12,000 dpm/lOO cm2 and 1 mrad/h, respectively. Direct alpha 
activities ranging from 130 to 2100 dpm/ 100 cm2 were found on, under, and around the 
furnaces in the south end of the room. Associated direct beta-gamma dose rates ranged 
from 0.25 to 0.45 mrad/h. 

Room 6, in which the production of distilled calcium was carried out, was found to 
contain surface contamination in many accessible areas. Much of the room was impossible 
to survey due to the presence of equipment. Figure 26 identifies the locations with 
elevated levels including several exceeding DOE guidelines. The beta-gamma dose rates in 
the room ranged from 0.01 to 4 mrad/h. Direct alpha activities averaged 
550 dpm/lOO cm2 in this room with the maximum found on contact with old wooden 
beams- and braces underneath the balcony (Fig. 27). Measurements on these structures 
ranged from 2100 to 12,500 dpm/lOO cm2. Associated beta-gamma dose rates ranged 
from 0.15 to 1 mrad/h. Average alpha contamination levels on the balcony ranged from 
40 to 140 dpm/lOO cm2. Measurements of transferable surface contamination were 
taken in eight locations on the floor in room 6. Values were indistinguishable from back- 
ground except in survey blocks E2, F2, and G2 on the wooden portions of the bottom of 
the balcony. The alpha levels in E2 and G2 read 586 and 116 dpm/lOO cm2, respec- 
tively. The glazing along the windows and ledge in these survey blocks gave directly 
measured beta-gamma dose rates of 0.15 to 0.3 mrad/h with spots measuring 
0.5 mrad/h. An interior view of some of the windows in room 6 is presented in Fig. 28. 
The contaminated ledge beneath the windows is shown in Fig. 29. In grid block E4, at the 
location of the maximum gamma rate measured (45 pR/h) the beta-gamma dose rate 
reached 4 mrad/h. The alpha activity measured there was 2200 dpm/lOO cm2. Over- 
head at C3, the average direct alpha activity was 100 dpm/lOO cm2. Four power tools 
(hacksaw, lathe, drill press, and sheet metal roller) located in room 6, which was being 
used as a machine shop at the time of the survey, showed beta-gamma surface contamina- 
tion levels of 0.4 to 8.5 mrad/h. 

No measurements above guidelines were observed in rooms 1, 2, and 3 of the basement 
of Building A-l. The lower walls and floor of room 4A were contaminated with levels of 
alpha activity exceeding 100 dpm/lOO cm2 (Fig. 30). The maximum direct alpha 
measurement, 1700 dpm/ 100 cm2, was determined to be on a pipe running along the wall 
at A3. At the base of that wall, in B3, the alpha level was 530 dpm/lOO cm2. In C3, a 
point on the ceiling gave an alpha level of 350 dpm/lOO cm2 while the average alpha level 
measured on the ceiling was 240 dpm/ 100 cm’. A hole in the ceiling in B2 showed a 
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Fig. 27. View beneath the balcony in room 6, Building A-l, at the Ventron site. 
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Fig. 28. View showing windows and roof area in room 6, Building A-l, at the 
Ventron site. 
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Fig. 29. View of the contaminated window ledge above room 6, Building A-l, at 
the Ventron site. 
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beta-gamma dose rate of 1 mrad/h. An alpha contamination level of more than 
1100 dpm/ 100 cm2 was found on a ledge in block D2. Various wall areas were found to 
have alpha levels ranging from 100 to 600 dpm/lOO cm2 as shown, with the maximum 
measurement discovered at the top of wall B4. 

Gamma measurements made on the roof of Building A-l, including those in survey 
blocks, skylights, and vents, ranged from 7 to 26 pR/h. Surface contamination evidenced 
by beta-gamma dose rates ranging from 0.2 to 0.6 mrad/h were observed in association 
with loose dirt in scattered regions of the roof. Figure 31 shows the location of some of 
the measurements exceeding guidelines. The data were typical of other widely dispersed 
regions not shown. The maximum gamma exposure rates were also associated with the 
loose dirt. A view of the roof, vent structures, and raised windows is given in Fig. 32. 

3.2.3 Buildings B-l, B-2, and B-3 

Buildings B-l, B-2, and B-3 are relatively new (built in 1950) and were used at the 
time of the survey for the manufacture of chemical hydrides. No residual radioactive 
materials would be expected within the buildings. A photograph, reproduced in Fig. 5, 
presents a view of the three attached buildings. This report is limited to the survey details 
of the basement areas because a gamma scan of upper levels established no evidence of 
contamination. 

A gamma scan of the survey blocks laid out in the basements of the three buildings 
revealed a total range of gamma exposure rates from 7 to 32 pR/h. Because several 
regions of elevated gamma levels suggesting the presence of subsurface contamination were 
found in each building, 6-in diameter core holes were drilled with a concrete saw through 
the floors in the locations indicated on Fig. 33. Radionuclide analysis of soil samples 
retrieved from these holes (see Sect. 3.1.3) confirmed the presence of contaminated fill 
material beneath Buildings B-l and B-2 to a depth of 2.5 m. Exposure rates ranged from 
8 to 17 pR/h in Building B-l and from 7 to 32 pR/h in Building B-2. The region of 
elevated gamma at the west end of Building B-l extends to Building B-2. Exposure rates 
of 13 to 16 pR/h were detected at the sides of barrels stored in various locations within 
the three buildings at the time of the screening. 

None of the surface measurements taken in the three buildings exceeded the appropri- 
ate DOE guidelines. Direct beta-gamma dose rates at 1 cm above the floor surface in the 
basements averaged 0.01 and 0.02 mrad/h in Buildings B-l and B-3 while results aver- 
aged 0.03 mrad,lh in Building B-2. The maximum measurement (0.07 mrad/h) was 
found in Building B-2. Only one direct alpha measurement taken in Building B-l, 
30 dpm/lOO cm2, was distinguishable from background. Direct alpha activities averaged 
25 and 34 dpm/lOO cm2 in Buildings B-2 and B-3, respectively. Representative sampling 
of transferable alpha and beta-gamma activities yielded readings no higher than 1 and 
82 dpm/lOO cm2, respectively, in the three buildings. 

3.2.4 BuihBigs C-l, C-2, C-3, and C-4 

Buildings C-l, C-2, C-3, and C-4 (built in 1945) consist of analytical laboratories. 
The attached buildings are shown in Fig. 4 in a view looking west from the roof of Build- 
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Fig. 32. View of the roof of Building A-l at the Ventron site. 
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ing A-l. Building C-l at the time of the survey contained a library, research laboratories, 
and a basement used for miscellaneous storage. The results that follow are for the first 
levels of Buildings C-2, C-3, and C-4 and the basement of Building C-l. The first and 
second levels of Building C-l and the second-level cafeteria over Building C-2 disclosed no 
gamma or direct alpha measurements suggesting the presence of residual radioactive 
materials. 

The range of measurements found during the gamma scan of the four attached build- 
ings as described was 5 to 17 pR/h. Average gamma exposure rates were 9 to 11 yR/h at 
1 m from the floor surface and 10 to 11 r.cR/h at the surface. Soil samples were taken 
underneath the floor in the three regions of maximum gamma levels in the basement of 
Building C-l to investigate the possibility of subsurface contamination. The results of 
radionuclide analysis substantiated the supposition (see Sect. 3.1.3), indicating 
contaminated fill material beneath the floor at the auger hole locations shown on Fig. 34. 
The contamination extends to a depth of 2.5 m. 

Surface measurements taken in the four buildings were below guidelines. Direct alpha 
activities averaged 27 dpm/lOO cm2 in the basement of Building C-l and were 
20 dpm/lOO cm2 throughout Buildings C-2, C-3, and C-4. Direct beta-gamma dose rates 
for Building C-l averaged 0.01 mrad/h while transferable alpha and beta-gamma activi- 
ties on floor and wall surfaces were negligible. 

3.2.5 Building D 

Building D, built in 1967, was used for the research and development of biocides and is 
situated on the property as shown on Fig. 2. 

The range of exposure rates disclosed by the scan of this building was 5 to 10 pR/h, 
with average readings of 6 and 7 pR/h at 1 m from the surface and at the surface, respec- 
tively. Elevated gamma levels of 65 pR/h were determined to be associated with three 
boxes of carbon arc filaments stored in room 25 at the time of the survey. All other read- 
ings were within the range of typical background values. Furthermore, the average beta- 
gamma dose rate of 0.03 mrad/h at 1 cm above surfaces is well below the DOE guideline 
of 0.2 mrad/h. No evidence was found of the presence of the contaminated fill material 
used beneath other buildings. 

3.2.6 The Alfa Building 

The Alfa Building, built in 1953, was used for crystal growing and other research 
related activities. Its location and interior floor plan may be seen in Figs. 2 and 35, 
respectively. 

Overall gamma exposure rates determined during the scan of this building ranged from 
5 to 19 pR/h, averaging 10 pR/h. Gamma levels at 1 m from the floor surface also aver- 
aged 10 yR/h, while the average at the floor surface was 11 pR/h. Areas of elevated 
exposure rates associated with radioactive process materials were found in rooms 2 and 6 
as presented on Fig. 35. No suggestion of the presence of contaminated subsurface soil 
was detected. 



ORNJSDWG 8642868 
\ 

C- 

=C= 
-UP- 

------------ 
/I 

/ , 
/ 

/ 
/ / / . 

I 
0 
L--LA-d 

FEET 
I 

I 0 0 VBC25 

I 
I II 

3 I’- SLOPES UP - 
@VBC26 

@VBC24 

Fig. 34. Basement of Building C-l at the Ventron site showing locations of auger holes. 

@ AUGER HOLE LOCATIONS 

7 
l b F 



63 a W
 

E 

‘1 t 

r- 
---- 

r’ 

j/t; 
:tr 

’ I 
I I 

II! I 

I 
I 

I 
I 

------- 
1 

--_--_ 
I 

HE)I-IO
U- 

- 

, 

-&Jtl0 1 
I_-_-____ 

I 
1 

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

/ 
m

 
!P

\ 
: I 
L.’ 
2 II t- 

‘!=, 
lo 

I 



64 

Two vessels containing thorium crystals were discovered in the locations shown. One 
of these vessels rested on a cabinet along the west wall of room 2 as indicated and scanned 
150 pR/h. This cabinet contained thorium-processing materials. The second vessel 
registered a gamma exposure rate of 39 pR/h. Additional anomalous regions were found 
in room 1 where a piece of equipment used in the thorium process and situated northwest 
of the drain trough registered 22 pR/h. A small area in the drain trough showed a beta- 
gamma dose rate of 0.5 mrad/h, which exceeds the DOE guideline of 0.20 mrad/h. 
Direct alpha activities at that spot were 6000 dpm/lOO cm2. 

The beta-gamma dose rate (0.23 mrad/h) at the floor drain in the center of the base- 
ment level also exceeded 0.20 mrad/h and was accompanied by a gamma exposure rate of 
42 ,uR/h. The alpha activity, however, at this spot was Cl dpm/lOO cm2. There was 
water present during the time measurements were being obtained. 

t 

t 

Because the Alfa Building was built after the MED/AEC contract was terminated, 
elevated areas in this building would not be associated with MED/AEC operations. 

3.2.7 Storage Building and Warehouse 

Gamma scanning was conducted in accessible areas in the Storage Building and in the 
Warehouse located as shown on Fig. 2. A view of the Storage Building from the roof of 
Building A is shown in Fig. 3. 

4 

J 

Surveying was prohibited in 75% of the first level of the Storage Building because of 
the barrels of solvents and other materials in stock. However, exposure rates in the center 
of the room were 5 and 7 pR/h at 1 meter and at the surface, respectively. No indication 
of contamination was found. Similarly, 50% of the basement of this building was unavail- 
able to the team. Exposure rates averaged in the 7 to 14 pR/h range where scanning was 
possible. A maximum of 85 pR/h was measured on contact with a number *of 3- to 5-gal- 
lon buckets of zinc oxide in storage. 

A 

Approximately 50% of the Warehouse was inaccessible to the survey team. However, 
gamma exposure rates scanned 5 to 10 pR/h, averaging 7 pR/h at both 1 m from the sur- 
face and at the surface. No contamination due to the presence of radioactive materials 
was observed in either building. 

4. SIGNIFICANCE OF FINDINGS 

The results of the radiological survey at the Ventron site demonstrate the presence of 
residual radioactive contamination. The primary contaminant is 238U with lesser amounts 
of 232Th and 226Ra. The contamination occurs outdoors as both surface and subsurface 
contamination in soil and as contaminated fill material underneath Buildings B-l, B-2, and 
C- 1. Buildings A and A-l and the Alfa Building contain spotty surface contamination on 
floors, walls, overhead surfaces, equipment, and roofs. 
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A cursory gamma scan of the tidal area of the bay adjacent to the plant site revealed 
elevated levels of gamma radiation indicating the presence of radionuclides along the 
water line and in the mud of the tidal area. These findings verify historical information 
which indicates that there were uranium releases to the bay during MED operations and 
suggests that additional surveys should be completed to determine if there is residual 
uranium present in this area. 

The maximum concentration of 238U found on the site was 71,000 pCi/g and was 
measured in subsurface soil from beneath Building B-2. The maximum concentration of 
238U found in surface soil on the site was 44,000 pCi/g. The highest concentration of 
232Th measured in soil onsite was 3900 pCi/g. The DOE guideline concentration for 
232Th in surface soil is 5 pCi/g above background levels averaged over a 100 m2 area 
(Table 2). The depth of contamination appeared to be greater than 3 m in the southeast 
portion of the site outdoors and extended to 2.5 m beneath the buildings. 

Inside Building A, the surface contamination found in scattered regions was most evi- 
dent in the rooms where leaching and retorting processes had been conducted (i.e., rooms 
20 and 29) and in room 30 where current activities involved materials containing naturally 
occurring radionuclides. Directly measured alpha and/or beta-gamma levels exceeded 
DOE guidelines on floors, walls, overhead surfaces, and equipment. Contamination was 
also evident in the floor drain troughs. It was apparent that dust and particulates had 
been funneled through ducts and vents to the outdoors, particularly from room 29, result- 
ing in the deposition of surface contamination over a portion of the roof. The maximum 
beta-gamma dose rate measured in Building A exceeded the DOE criterion (1.0 mrad/h) 
by a factor of 3. Levels of directly measured alpha contamination were as high as 4.2 
times the thorium limit (Table 2). 

DOE guidelines for surface contamination were also exceeded in Building A-l in 
numerous regions, especially in rooms 3, 4, 4A, and 6. Again, the elevated measurements 
were found on floor, wall, overhead, and equipment surfaces. On the roof, the contamina- 
tion was largely associated with the presence of loose dirt in scattered regions. Maximum 
direct alpha and beta-gamma count rate measurements exceeded criteria (Table 2) by <I3 
and <4 times, respectively, on structural surfaces. The beta-gamma dose rates measured 
on the power equipment (room 6) indicated levels as high as 8.5 mrad/h (more than 8 
times the beta-gamma dose rate limit). 

In the Alfa Building, elevated gamma exposure rates were found in association with 
thorium crystals and thorium-processing equipment not related to DOE predecessor 
activities. Directly measured alpha and beta-gamma levels were elevated in drains and 
drain troughs in several regions. 

Surface measurements taken in Buildings B-l, B-2, B-3, C-l, C-2, C-3, C-4, and D 
were all below criteria. Elevated gamma levels discovered in areas of the basements of 
Buildings B-l, B-2, and C- 1 suggested the presence of contamination beneath the floors. 
Radionuclide analysis of soil samples taken from holes drilled into the substrata confirmed 
that assumption. No evidence of the presence of radioactive residuals was found inside or 
beneath the Storage Building or the Warehouse. 
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The residual radioactivity on this site will produce slight radiation exposures to persons 
frequenting the contaminated areas. These exposures result primarily from beta-gamma 
and alpha radiations emitted by radionuclides retained in the soil and in some areas of the 
former process buildings (A and A-l). The present use of the site is industrial and its 
condition renders the soil unsuitable for growing crops. Consequently, it is highly unlikely 
that any significant exposure would be received by way of ingestion from eating vegetables 
or fruit grown on the site. Most of the area outside the buildings is covered by asphalt or 
concrete and the remaining area is covered by a heavy growth of lawn grass. This grass 
cover precludes any significant resuspension of particulate contamination from the land 
surface by wind or air currents; hence, radiation exposures from inhalation of radioparticu- 
lates is currently not a problem. If operations which involve considerable scraping or turn- 
ing of dry soil were performed in areas showing high concentrations of radionuclides, radi- 
ation exposures from the inhalation pathway would need to be re-evaluated. 

The average gamma exposure rate at one meter from the ground surface outdoors on 
the site was 8 pR/h. This level is essentially the same as the background exposure rate in 
the Beverly area (7 pR/h). 0 ne area in the southeast corner of the site located between 
the Storage and Alfa Buildings exhibited elevated gamma radiation levels ranging up to 
60 pR/h at one meter from the ground. The maximum level (60 pR/h) occurred in a 
relatively small area (- 10 m2), and, at the time of the survey, this area appeared to be 
unoccupied except for occasional entry. If a worker occupied this area for l/4 of a typical 
work year (two hours per shift or 500 h/y), that individual would receive a potential expo- 
sure of 30 milliroentgens annually (a dose of less than 30 mrem/y). For comparison, a 
basic dose limit of 100 mrem/y is used by the Department for limiting the radiation dose 
received by an individual member of the general public and 5,000 mrem/y is used for a 
radiation worker. Therefore, the worst case use of this area could result in a dose of less 
than l/3 the dose limit for the general public. It is expected that occupancy in this area 
will continue to be much less than 500 h/y and, as a result, potential doses will be even 
lower than those projected here. 

The maximum gamma radiation level measured at the perimeter of the plant 
(30 pR/h) occurred along the fence at the southeast corner of the site (location 22, 
Fig. 6). The ground outside the fence at this point drops off rather rapidly down a rocky 
bank to the bay. Therefore, the potential for any significant radiation exposure to 
members of the general public from this source is extremely low. 

The average gamma radiation level measured one meter from floor surfaces in each of 
the former process buildings (A and A-l) was 12 pR/h. This level is 1.7 times the back- 
ground level in the Beverly area and about 44% of the external gamma radiation level of 
20 pR/h above background allowable by DOE in buildings or habitable structures to be 
released for unrestricted use by the general public. The maximum gamma level detected 
at one meter in either building was 21 pR/h in a hallway of Building A (Room 28, 
Fig. 11). Since this area is used only as a passageway, radiation exposures to personnel 
from this source would not be significant. 

Residual radioactive surface contamination exceeded DOE guidelines in some areas 
inside Buildings A and A- 1, and in the Alfa Building. Potential exposures from surface 
contamination could be from ingestion, inhalation, or from direct radiation by beta-gamma 

t 
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emitting radionuclides. Very few measurements of transferable contamination exceeded 
DOE guidelines; hence, given the use of the building at the time of the survey, the risk of 
receiving significant exposures from inhalation or ingestion of radioactive material is 
extremely small. Beta-gamma dose rates from contaminated surfaces exceeded guidelines 
in some areas of Buildings A and A-l. These contaminated areas occurred in cracks in 
floors, on beams and ledges, and in floor drains, and do not lend themselves to extended 
contact with people; hence, potential exposures from these sources is judged to be insignifi- 
cant. However, because measurements of fixed surface contamination exceeded guidelines 
in some buildings, if operations involving the generation of dust such as scraping contam- 
inated surfaces were conducted, the potential for radiation exposures would need to be re- 
evaluated to determine if control measures are needed. 

In summary, concentrations of residual radioactive material found in buildings and 
soils at the site are in excess of concentration guidelines established by the Department of 
Energy to determine if a site needs to be considered for remedial action. These guidelines 
are typically derived to ensure that unrestricted use of the facility (including residential 
use) will not result in above-guideline doses to the general public. An examination of 
work/occupancy scenarios for this site suggests that annual radiation exposures to person- 
nel from any credible current use scenario would be well below the dose limits which 
would be applied to protect members of the general public from exposure to radiation. 
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APPENDIX 

GAMMA PROFILE GRAPHS OF 
AUGER HOLES AT THE VENTRON SITE, 

BEVERLY, MASSACHUSETIS 
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Fig. A.3. Gamma profile of auger hole 3. 
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Fig. A.6. Gamma profile of auger hole 6. 
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Fig. A.9. Gamma profile of auger hole 9. 



82 

ORNL-DWG 86-12793 

2000 

1800 -- 

1 600 -7 

1400 -- 

- 1200-- 
E 

2 

t= 1000 -- 

g 

2 800-- 

600-- 

400 -- 

200 -- 

0 

0 .31 .61 1.2; 
DEPTH (m) 

t 

t 

Fig. A.lO. Gamma profile of auger hole 10. 



83 

ORNLDWG M-12794 

18OC 

16OC 

14oc 

- 1200 
E 

e 

g 
1000 

6 
a 800 

600 

400 

200 

0 

I- 

)-- 

)-- 

l-- 

l-- 

/-- 

0 .3-l .91 1.52 2.13 
DEPTH (m) 

Fig. A.ll. Gamma protile of auger hole 13. 



84 

ORNL-DWG 86-12795 

2500 

2000 

z- 

e- 

g 1500 

I= 

2 

1000 

500 

0 

0 -31 .91 1.52 ’ 2.13 
DEPTH (m) 

Fig. A.12. Gamma profile of auger hole 14. 
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Fig. A.15. Gamma profile of auger hole 20. 
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Fig. A.16. Gamma profile of auger hole 23. 
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Fig. A.17. Gamma profile of auger hole 24. 
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Fig. A.18. Gamma profile of auger hole 25. 
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Department of Energy 
Oak Ridge Operations 

P.O. Box 2001 
Oak Ridge, Tennessee 37831- 8723 

September 8, 1994 

Mr. Scott Greene 
Massachusetts Department of Environmental Protection 
10 Commerce Way 
Woburn, Massachusetts 01801 

Dear Mr. Greene: 

VENTRON SITE - TRANSMITTAL OF RADIOLOGICAL DATA FROM BEVERLY HARBOR 

Enclosed are the requested radiological data for sediment samples collected 
during May 1994 from the Beverly Harbor near the Ventron Site. To date, there 
have been three sampling events at the Ventron site conducted by DOE (1991, 
1992, and 1994) which have included sediment samples from the Beverly Harbor. 
In addition to the enclosed results for the May 1994 sampling event, data for 
1991 and 1992 have also been included. 

The 1991 sampling effort was conducted by the Oak Ridge National laboratory to 
determine if uranium from work performed under government contract at the 
former Ventron facility had migrated off site. The report for this 
investigation (ORNL/RASA-91-29) is enclosed. 

The 1992 samples were collected by Bechtel to further define existing data 
from the 1991 ORNL effort. The sampling results and a map showing the 
sampling locations are enclosed. 

The 1994 sediment samples were collected during a joint sampling effort by 
Bechtel and CH2M Hill, Morton International's contractor. The resulting data 
is enclosed along with a map prepared by CHEM Hill showing the proposed 
sampling locations; a figure showing actual sampling locations is not yet 
available. None of the data for the May 1994 samples exceeded the DOE cleanup 
guideline of 50 pCi/g for U-238, the primary contaminant at the site. The 
highest concentration of U-238 detected in any of the samples was 17.40 pCi/g 
in sample SD-8, located adjacent to Building C-l. 

If you need more information, please call me at 615-576-9441. 

Enclosures 

cc: A.Raddatz, Morton, Inc. 
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TMA/Eberline Oak Ridge, FWSRAP Radiological Reports ' 
- . Sampling Event: 1994 Beverly Harbor Sediment Sampling Results 

Sample ID 
-----w-----s- 
127-SD-1 
127-SD-1 
127-SD-1 
127-SD-1 
127-SD-1 
127-SD-1 
127-SD-1 
127-SD-1 
127-SD-1 
127-SD-10 
127-SD-10 
127-SD-10 
127-SD-10 
127-SD-10 
127-SD-10 
127-SD-11 
127-SD-11 
127-SD-11 
127-SD-11 
127-SD-11 
127-SD-11 

-;I-127z=D-l1 
-i27-SD-l1 

127-SD-12 
127-SD-12 
127-SD-12 
127-SD-12 
127-SD-12 
127-SD-12 
127-SD-12 
127-SD-13 
1270SD-13 
127-SD-13 
127-SD-13 
127-SD-13 
127-SD-13 
127-SD-13 
127-SD-13 

__ 127-SD-13 ~ ---____ 
127~SD-13 
127-SD-13 
127-SD-13 
127-SD-14 
127-SD-14 
127-SD-14 
127-SD-14 
127-SD-14 

Date 
Collected 
-------- 
05/24/94 
05/24/94 
05124194 
05124194 
05124194 
05124194 
05124194 
05124194 
05124194 
05125194 
05/25/94 
05125194 
05125194 
05/25/94 
05/25/94 
05/26/94 
05126194 
05/26/94 
05/26/94 
05126194 
05/26,'94 
05126194 
05/26/94 
05/26/94 
05126194 
05/?6/94 
05126194 
05/26/94 
05/26/94 
05/26/94 
05/24/94 
05124194 
05124194 
05124194 
05/24/94 
05/24/94 
05124194 
05/24/94 
05/24,'94 

~05/24/34‘- 
05j24j94 
05124194 
05/26/94 
05/26/94 
05/26/94 
05/26,'94 
05/'26/94 

Analyte Result 
---m-w- -a---- 
U-238 2.20 
RA-226 0.45 
TH-232 0.59 
K-40 13.70 
cs-137 0.58 
SN-113 0.21 
BI-214 0.36 
PB-212 0.77 
BI-212 2.30 
K-40 13.30 
PA-226 0.45 
TH-232 0.64 
U-238 3.10 
BI-214 0.50 
PB-214 0.87 
U-238 2.20 
RA-226 0.30 
TH-232 0.41 
K-40 13.70 
cs-137 0.96 
PB-212 0.53 
PB-214 0.52 
BI-211 0.94 
U-238 2.90 
RA-226 0.44 
TH-232 0.72 
K-40 21.40 
es-137 0.10 
PB-212 0.74 
BI-211 1.10 
U-238 2.40 
RA-226 0.49 
TH-232 0.59 
K-40 12.90 
BI-214 0.31 
PB-214 0.96 
BI-212 1.30 
BI-211 1.50 

BE-7 
CO-58-- 

0.99 
0.08 

cs-137 0.29 
RA-228 0.63 
U-238 1.80 
m-226 0.43 
TH-232 0.58 
K-40 14.40 
cs-137 0.20 

Error *Units MDA 
--w-m ------ -----a- 

itI /G 
PCI/G 
PCS/G 
PCI/G 

PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCIiG 
PCI/G 

3.000 
0.160 
0.320 
2.600 
0.190 
0.190 
0.250 
0.290 
0.170 
2.300 
0.100 
0.550 
1.900 
0.250 
1.500 
1.400 
0.050 
0.370 
1.900 
0.150 
0.170 
0.710 
0.530 
2.200 
0.000 
0.000 
2.8, 0 

s 0.1 0 
0.270 
0.660 
2.100 
0.270 
0.250 
2.600 
0.250 
1.300 
1.300 
0.790 

PCIjG 
PCIfG 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 

1.700 PcK/~G 
0.130 PCI/G 

2.00 
0.29 
0.47 
0.23 
0.15 
0.14 
0.29 
0.23 
2.20 
1.90 
0.20 
0.30 
1.40 
0.20 
0.17 
1.50 
0.22 
0.33 
2.10 
0.11 
0.18 
0.19 
0.54 
2.60 
0.44 
0.72 
3.50 
0.19 
0.30 
2.40 
1.70 
0.24 
0.36 
2.30 
0.44 
2.10 
1.60 
0.60 

~O.!3L 
0.11 
0.13 
0.52 
2.60 
0.43 
0.58 
0.30 
0.20 

0.100 
0.210 
2.700 
0.000 
0.000 
2.900 
0.100' I) w. ':. 

~---- 

PCIiG 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI/G 
PCI,'G 

Page 1 of 4 
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TMA/Eberline Oak Ridge, FUSRAP Radiological Reports 
:; 

Sampling Event: 1994 Beverly Harbor Sediment Sampling Results 

Sample ID 
------------- 
127-SD-14 
127-SD-15 
127-SD-15 
127-SD-15 
127-SD-15 
127-SD-15 
127-SD-15 
127-SD-15 
127-SD-15 
127-SD-15 
127-SD-16 
127-SD-16 
127-SD-16 
127-SD-16 
127-SD-16 
127-SD-16 
127-SD-16 
127-SD-17 
127-SD-17 
127-SD-17 
127-SD-17 
127-SD-r7 = 
127-SD-18 
127-SD-18 
127-SD-18 
127-SD-18 
127-SD-18 
127-SD-18 
127-SD-19 
127-SD-19 
127-SD-19 
127-SD-19 
127-SD-19 
127-SD-19 
127-SD-19 
127-SD-19 
127-SD-2 
127-SD-2 
127-SD-2 
127-SD-2 
127-SD-2 
127-SD-2 
127-SD-2 
127-SD-2 
127-SD-2 
127-SD-2 
127-SD-2 

Date 
Collected 
-------- 
05126194 
05126194 
05126194 
05126194 
05/26/94 
05126194 
05/26/94 
05/26/94 
05126194 
05126194 
05/26/94 
05/26/94 
05/26/94 
05/26/94 
05126194 
05/26/94 
05126194 
05/25/94 
05/25,'94 
05125194 
05/25/94 
05/25/94 
05124194 
05124194 
05/24/94 
05/24/94 
05/24/94 
05124194 
05126194 
05/26/94 
05/26/94 
05/26/94 
05126194 
05/'26/94 
05,'26/94 
05/26/94 
05/24/94 
05124194 
05124194 
05/24/94 
05124194 
05124194 
05/24,'94 
05/24/94 
05/24/94 
05/24/94 
05/24/94 

Anaiyte Result 
-s-m--- w-B--- 
PB-212 0.60 
U-238 1.50 
RA-226 0.56 
TH-232 0.45 
K-40 12.20 
MN-54 0.07 
cs-137 0.06 
PB-212 0.55 
PB-214 0.72 
BI-212 1.20 
U-238 4.00 
RA-226 0.37 
TH-232 0.81 
K-40 15.00 
CO-58 0.13 
m-228 0.96 
PB-212 0.69 
cs-137 0.33 
K-40 15.50 
TH-232 1.10 
U-238 5.70 
RA-226 0.91 
U-238 6.30 
RA-226 0.92 
TH-232 1.20 
K-40 18.40 
cs-137 0.52 
RU-106 1.10 
U-238 3.10 
RA-226 0.42 
TH-232 0.67 
K-40 12.80 
CR-51 1.50 
cs-137 0.13 
PB-214 0.96 
BI-211 0.95 
U-238 11.40 
RA-226 0.37 
TH-232 0.86 
K-40 9.90 
AM-241 0.25 
cs-137 0.54 
U-235 0.70 
RA-228 0.88 
PB-212 0.83 
PB-214 0.76 
TE-123 0.09 

0.2uo 
1.40'0 

PCI/G 
PCI/G 

0..260 PCS/G 
0.340 PCI/G 
2.000 PCI/G 
0.110 PCI/G 
0.080 PCS/G 
0.190 PCS/G 
0.480 PCS/G 
0.930 PCS/G 
2.000 PCI/G 
0.000 PCI/G 
0.330 
2.ldO 

PCS/G 
PCS/G 

0.110 PCI/G 
0.160 PCI/G 
0.240 PCIfG 
0.300 PCS/G 
4.290 PCS/G 
o.ocro PCS/G 
0.000 PCI/G 
0.000 PCS/G 
6.900 PCS/G 
0.000 PCS/G 
o*ooo PCI/G 
5.200 PCI/G 
0.300 PCI/G 
2.200 PCS/G 
0.000 PCS/G 
0.150 PCS/G 
0,240 PCS/G 
2.900 PCI/G 
2.000 PCS/G 
0.130 PCS/G 
1.900 PCI/G 
0.760 PCS/G 
2.100 PCI/G 
0.200 PCS/G 
0.500 PCS/G 
2.200 PCS/G 
0.180 PCS/G 
0.160 PCS/G 
0,180 PCS/G 
0.520 PCS/G 
0.290 PCI/G 
1.200 PCS/G 
0.090 PCS/G 

Error Units MDA 
----- e---e ------- 

0.30 
1.70 
0.26 
0.41 
0.20 
0.10 
0.13 
0.20 
0.21 
1.90 
2.00 
0.37 
0.43 
2.70 
0.13 
0.61 
0.23 
0.30 
5.40 
1.10 
5.70 
0.91 
4.50 
0.92 
1;20 
0.53 
0.35 
3.40 
3.10 
0.30 
0.48 
0.24 
0.82 
0.16 
0.25 
0.70 
1.60 
0.24 
0.38 
0.19 
0.16 
0.12 
0.73 
0.42 
0.19 
0.19 
0.08 
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TMA/Eberline Oak Ridge, FUSRAP Radiological Reports 
I Sampling Event: 1994 Beverly Harbor Sediment Sampling Results 

Sample ID 

127-SD-2 
127-SD-20 
127-SD-20 
127-SD-20 
127-SD-20 
127-SD-20 
127-SD-20 
127-SD-21 
127-SD-21 
127-SD-21 
127-SD-21 
127-SD-21 
127-SD-21 
127-SD-21 
127-SD-21 
127-SD-23 
127-SD-23 
127-SD-23 
127-SD-23 
127-SD-23 
127-SD-23 

=-l27-SD-23 
127-SD-23 
127-SD-23 
127-SD-3 
127-SD-3 
127-SD-3 
127-SD-3 
127-SD-3 
127-SD-3 
127-SD-3 
127-SD-3 
127-SD-4 
127-SD-4 
127-SD-4 
127-SD-4 
127-SD-4 
127-SD-4 
127-SD-4 
127-SD-4 
127-SD-5 
127-SD-5 
127-SD-5 
127-SD-5 
127-SD-5 
127-SD-5 
127-SD-6 

Date 
Collected 
----s-v- 
05/24/94 
05/25/94 
05125194 
05125194 
05/25/94 
05/25/94 
05125194 
05/25/94 
05/25/94 
05/25/94 
05/25/94 
05/25/94 
05125194 
05/25/94 
05/25/94 
05124194 
05/24/94 
05/24/94 
05124194 
05/24/'94 
05124194 
~05/24/94 
05124194 
05/24/94 
05/24/94 
05/24./94 
05/24/94 
05124194 
05124194 
05124194 
05/24/94 
05/24/94 
05/24/94 
05124194 
05/24/94 
05124194 
05/24/94 
05124194 
05/24/94 
05/24/94 
05124194 
05/24/94 
05,'24/94 
05124194 
05/24/94 
05124194 
05125194 

Anaiyte Result 
--a---- ------ 
81-212 1.50 
U-238 10.20 
RA-226 0.89 
TH-232 1.30 
K-40 29.10 
PB-212 1.30 
BI-211 2.90 
U-238 1.00 
RA-226 0.44 
TH-232 0.66 
K-40 16.40 
CD-109 1.30 
BI-214 0.44 
BI-212 1.30 
PB-212 0.63 
U-238 3.60 
M-226 0.99 
TH-232 1.10 
K-40 19.80 
m-54 0.29 
cs-137 0.60 
-PB-212 1.60 
PB-214 2.60 
BI-214 0.77 
U-238 8.40 
RA-226 0.43 
TH-232 0.70 
K-40 11.10 
CO-58 0.03 
cs-137 0.19 
PB-212 0.79 
PB-214 0.93 
U-238 5.20 
RA-226 0.38 
TH-232 0.54 
K-40 10.60 
es-137 0.06 
U-235 0.42 
PB-212 0.50 
BI-212 1.50 
U-238 13.00 
W-226 0.39 
TH-232 0.66 
K-40 12.60 
cs-137 0.37 
U-235 0.45 
K-40 15.00 

Error Units 
-a--- ---w- 
1.7&3 PCI/G 
5.000 PCI/G 
0.000 PCI/G 
0.000 PCS/G 
4.800 
b-580 

PCS/G 
PCI/G 

1.900 PCS/G 
1.900 PCS/G 
0.010 PCS/G 
0.000 PCS/G 
3.100 PCS/G 
2.000 PCI/G 
0.220 PCI/G 
1.700 -PCS/G 
0.210 'PCS/G 
3.900 XI/G 
0.480 PCS/G 
o*ooo 
4.ldO 

PCS/G 
PCS/G 

0.000 PCI/G 
0.270 PCS/G 
0.340 PCS/G 
4.600 PCS/G 
0.560 PCS/G 
2.800 PCI/G 
0.080 PCS/G 
0.560 PCS/G 
2.600 
0.100 

PCS/G 
PCI/G 

0.120 PCI/G 
0.290 PCIjG 
1.800 PCS/G 
2.4M) PCI)G 
0.000 PCS/G 
0.000 PCS/G 
2.400 PCI/G 
0.070 PCS/G 
0.190 PCS/G 
0.160 PCS/G 
1.200 PCI)G 
3.500 PCS/G 
0.000 PCIjG 
0.000 PCS/G 
2.500 PCS/G 
0.130 PCIjG 
0.210 PCIlG 
2.600 PCI)G 

MDA 
-a----- 

1.80 
5.80 
0.89 
1.30 
8.00 
0.67 
2.10 
2.10 
0.31 
0.66 
3.00 
2.60 
0.31 
2.10 
0.25 
3.20 
0.48 
1.10 
0.38 
0.29 
0.25 
0.38 
0.39 
0.48 
1.80 
0.26 
0.40 
2.50 
0.12 
0.14 
0.21 
0.23 
2.20 
0.38 
0.54 
0.25 
0.17 
0.98 
0.25 
2.40 
1.80 
0.39 
0.66 
0.22 
0.14 
0.83 
2.40 
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TMA/Eberline Oak Ridge, FUSRAP Radiological Reports ;' 
. Sampling Event: 1994 Beverly Harbor Sediment Sampling Results 

Sample ID 
___---------- 
127-SD-6 
127-SD-6 
127-SD-6 
127-SD-6 
127-SD-6 
127-SD-6 
127-SD-7 
127-SD-7 
127-SD-7 
127-SD-7 
127-SD-7 
127-SD-7 
127-SD-8 
127-SD-8 
127-SD-8 
127-SD-8 
127-SD-8 
127-50-a 
127-50-a 
127-SD-8 
127-SD-8 
127-SD-9 
127-SD-9 
127-SD-9 
127-SD-9 
127-SD-9 
127-SD-9 
127-SD-9 
127-SD-9 

Date 
Collected 
------MB 
05125194 
05/25/94 
05/25/94 
05/25/94 
05/25/94 
05125194 
05/25/94 
05/25/94 
05/25/94 
05/25/94 
05/25/94 
05125194 
05125194 
05125194 
05/25/94 
05/25/94 
05/25/94 
05125194 
05/25/94 
05/25/94 
05125194 
@5f25/94 
05125194 
05125194 
05/25/94 
05/25/94 
05/25/94 
05/25/94 
05125194 

Ahalyte Result 
------- ------ 
M-226 0.72 
U-235 0.81 
TH-232 0.75 
U-238 11.90 
PB-212 0.83 
PB-214 1.10 
U-238 11.60 
M-226 0.28 
TH-232 0.44 
K-40 8.80 
U-235 0;85 
PB-212 0.83 
K-40 10.10 
M-226 0.44 
U-235 1.10 
RA-228 0.71 
TH-232 0.78 
U-238 17.40 
BI-214 0.46 
PB-212 0.86 
PB-214 1.00 
K-40 10.10 
M-226 0.33 
U-235 0.43 
RA-228 0.56 
TH-232 0.61 
U-238 3.90 
PB-212 0.70 
PB-214 0.56 

Error Units 
m-m-- ----- 
0.170 PCIfG 
0.190 PCI/G 
0.280 PCI/G 
3.000 PCI/G 
O-270 PCI/G 
1.200 PCI/G 
2.500 PCIfG 
0.000 PCI/G 
0.000 PCI/G 
1.900 PCI/G 
0.110 PCI/G 
0.210 PCI/G 
2.200 PCI,'G 
0.100 PCI/G 
0.210 PCI/G 
0.580 PCI/G 
0.570 PCI/G 
3,300 PCI/G 
0.070 PCI/G 
0.240 PCI/G 
2.1 0 
1.9 0 8 

PCI/G 
PCI/G 

0.130 PCI/G 
0.170 PCI/G 
0.540 PCI/G 
0.440 PCI/G 
1.900 PCI,'G 
0.210 PCI/G 
0.840 PCI/G 

MDA 
------- 

0.24 
0.81 
0.37 
1.70 
0.20 
0.21 
1.50 
0.28 
0.44 
2.00 
0.69 
0.17 
2.10 
0.21 
0.71 
0.46 
0.32 
1.50 
0.21 
0.17 
0.19 
2.30 
0.23 
0.78 
0.50 
0.35 
1.60 
0.19 
0.20 

Page 4 of 4 





HEALTH AND SAFETY RESEARCH DIVISION 

DE93 000420 

Environmental Restoration and Waste Management Non-Defense Programs 
(Activity .No. EX 20 20 01 0; ADS31700001 

Radiological Survey Resuits at Beverly Harbor, 
Beverly, Massachusetts (VBO25) 

R. D. Foley and C. A. Johnson 

Date Issued -August 1992 

Investigation Team 

R. E. Swaja - Measurement Applications and Development Manager 
W. D. CottreB - FUSRAP Project Director 

R. D. Foley - Survey Team Leader 

Survey Team Members 
J. F. Allred 
A. C. Butler* 

M. E. Murray 
V. P. Patania 

R. D. Foley D. E. Rice 
P. Blomt D. A. Rose 

W. H. Shinpaugh* 

l D. R. Stone and Associates, Inc. 
tU.S. Dcpartmcnt of Energy 

Wok performed by the 
MEASUREMENT APPLICATIONS AND DEVELOPMENT GROUP 

Rcpucd by the 
OAKRiDGENATIONAL LABORATORY 

Onk Ridge, Tc~esscc 3783 l-6283 
manycdby 

MARTIN MARIETTA ENERGY SYSTEMS, INC. 
for the 

U.S.DEPARTMENTOFENERGY 
under contract DE-AC05840R21400 



, . 
. . . . 

CONTENTS 

LIST OF FIGURES ....................................................................... 

LIST OF TABLES ......................................................................... 

ACKNOWLEDGMENTS ................................................................. 

ABSTRACT ................................................................................. 

INTRODUCTION ........................................................................... 

SURVEY METHODS ....................................................................... 

SURFACE RADIATION MEASUREMENTS .................................... 
SOIL AND BIOLOGICAL SAMPLING AND ANALYSES.. .................. 

SURVEY RESULTS ........................................................................ 

SURFACE RADIATION MEASUREMENTS ..................................... 
-SOIL SAMPLES ................... ...................................................... ~A- -1-T-. ..... 

Systematic ........................................................................ 

V 

Vii 

ix 

xi 

1 

2 

2 
2 

3 

3 

; 
Biased ***.*.*..~.~.~*...,,*~,.....~**~.~~*~..*.~.**~*~.**~*..*..*~.~~..~*~..*.....* 4 

SHELLFISH SAMPLES . ..~.~~~~~.....‘...~~...~..~....~.~.....~........~~..~~.~..~. 4 

SIGNIFICANCE OF FINDINGS .****.*.....*.~*..~..****~.....***.*.....**...*~...~***.*. 5 

REFERENCES .**.~..**.**.**...,*****~~*..**.*..~.~...**..~.~......*.*..*...........*...~...* 5 

i 

.,. 
111 



LIST OF FIGURES 

1 Diagram showing general location of the former Ventron site 
and Beverly Harbor, Beverly. Massachusetts *...**~*,**...*...*......*..*...~.~*.**.** 6 

2 View of the rear of the Ventron plant looking north 
from the tidal area of the harbor , Beverly, Massachusetts . . . . -.. . . . . . . . . . . . . . . . 7 

3 View looking east from the rear of the Vcntron plant 
towards the bridge, Beverly, Massachusetts . ..**........‘**..*.*~.**~..*..*..*.....~. 7 

4 View looking north at the adjacent vicinity propenics 
on the harbor west of the Ventron plant, Beverly, Massachusetts . . . . . . . . . . . 8 

5 Surface gamma exposure rates; and soil and biological 
sampling locations at Beverly Harbor, Beverly, Massachusetts............... 9 

- : -. t .-v. *_. s=i 

Y 



. . . . . 

LIST OF TABLES 

1 Applicable guidelines for protection against radiation *.*....*.***~.*.*..*.*,‘..........‘.*. 10 

2 Background radiation levels and concentrations of selcctcd radionuclidcs 
in soil in the Beverly, Massachusetts, area .*.*~.**....*~.*...**..*.*..*.....*..*...~..*~.....~. 11 

3 Concentrations of radionuclides in soil samples from Beverly Harbor. 
Beverly, Massachusetts ~............~...*.*...~..*.~....*~~.*....**....~.......*.....*.*.**..**..~*.*.*..*.. 12 

4 Concentrations of radionuclides in lobster samples from Beverly Harbor, 
Beverly, Massachusetts . . . . ..~....*.*.*..*......~.*......~.....*.....*..*.....~........‘.....*....~*...... 16 

_~ _ - -_- -. 
-z- z-- _L---- 

vii 



, . . , /g&ad // 

ACKNOWLEDGMENTS 

Research for this project was sponsored by the Office of Environmomal 
Restoration, U.S. Department of Energy, under contract DE-ACOS-84OR21400 with 
Martin Marietta Energy Systems, Inc. The authors wish to acknowlcdgc the 
contributions of R. F. Carrier, W. D. Cottrcll, M. S. Uticl, D. A. Robcns, D. A. Rose. V. 
P. Patania, J. F. Allrcd, and T. R. Stewart of the Mcasurcmcnt Applications and 
Dcvelopmcnt Group for participation in the sample preparation and analyses. editing. 
graphics, and reporting of data for this survey. 

ix 



ABSTRACT 

At the rcqucst of the US. Dcpsnmcnt of Energy (DOE), a team from Oak Ridge 
National Laboratory conducted a radiological sutvcy at Bcvcrly Harbor, Bcvcrly, 
Massachusetts. The sutvcy was pcrformcd in May 1991. The purpose of the survey 
was to dctcrminc if uranium from work performed under government contract at the 
former Vcntron facility had migrated off-site to the harbor and neighboring arcas. 
The survey included a surface gamma scan and the collection of soil and biological 
samples for radionuctidc analysts. 

Results of the survey dcmonstrntcd isolated and spotty radionuclidc 
ccnccntruions in soil. and radiation mcasurcmcnts in cxccss of the DOE Formerly 
Utilized Sites Remedial Action Program guidclincs. 

- 
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. . RADIOLOGICAL SURVEY RESULTS AT 
BEVERLY HARBOR, BEVERLY, MASSACHUSETTS (VB025)’ 

INTRODUCTION 

The Metal Hydrides Corporation facility in Bcvcrly, Massachusetts (which became the 
Vcntron Corporation in 1965), was one of many companies performing work during the 
1940s associated with the development of nuclear cncrgy for dcfcnse-related projects under 
contract to the Manhattan Engineer District (MED) and the Atomic Energy Commission 
(AEC). Operations conducted under government contract at such sites included the 

., procurement, storage, and processing of uranium oxides, salts, and metals, and the subsequent 
machining of these products. As a result of activities involving these materials, equipment, 
buildings, and land at some of the sites became radiologically contaminated with small 
amounts of the material resulting in low levels of contamination on the propertics. At 
contract termination, rcleasc limits and decontamination operations were typically applied in 
conformance with standards currently dccmcd adequate for purposes of health and 
environmental protection. Subsequent to original asscssmcnts and the release of these 
facilities, new research and information have resulted in the development of more stringent 
guidelines for release of such faciMes for unrestricted use. Furthermore, in some instances, 
documentation is limited or nonexistent, and conditions at a specific site may he unknown. It . 
is the policy of the Department of Energy (DOE) to verify that radiological conditions at 
such facilities comply with existing guide1incs.t The Formerly Utilized Sites Remedial Action 
Program (FUSRAP) was established by DOE in 1974 to assist in assessment and cleanup 
ac@ities at these sites. 

The radiological survey detailed in this report was performed under the FUSRAB 
program and is one of scvcral conducted in May, 1991, on properties in the vicinity of the 
former Vcntron facslity by mcmbxs of the Oak Ridge National Laboratory (ORNL) at the 
request of DOE, The city of Bcvcrly lies on Bcvcrly Harbor approximately 15 milts 
northeast of the central Boston area , The former Vcntron facility, now owned by Mo:W;n 
International, Inc.. is located at the conflucncc of the Bass and Danvcrs rivers I:II Congrc.ss 
Street near the Bcvcrly-Salem bridge (Fig. 1, p. 6). 

Fmm 1942 through 1948, the Metal Hydrides Corporation (later to bccomc the Wmw 
facility), convcrtcd uranium oxide to uranium metal powder at the facility under contract TV . 
the MED in support of the war effort. Other operations conducted at the facility it!dudcd the % _. . 
recovery of uranium from scrap uranium and turnings from the slug fabncation plant at. 
Hanford, Washington. dontracts between Metal Hydrides and the govcmmcnt’ wcm 
completed in 1954. 

‘7%~ survey was pcrformcd by mcmbcrs of the Mcasurcmcnt Applications and Dcvclopmcnt Group of 
the Health and Safety Research Division of Oak Ridge National Labor~ry under DOB contract DE-ACOS- 
840R2 1400. 
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Fotlowlng a radiological screening sutvcy at the site in 1977, a comprchcnsivc suntcy 
was pcrformcd in 1982.2 In 1987, DOE contractors rcmovcd the uranium-contaminated 
roof from a Vcntron building, which had begun lo leak Radioactive materials remaining on 
the sltc do not pose a health h;r;afd under prcscnt USC conditions, but could cause radiation 
cxp~surc to workers if cxcavatlon or major renovation took place on the propcny. DOE 
plans a complctc characterization study of the site in 1992 .and the initiation of rcmcdial 
action soon thcrcaficr. 

The survey of the property rcportcd In this document and of other surrounding 
propcrti:s 1s part of DOE’s contlnulng program to assess tic foncr Vcntron site and plan 
for rcmcdial action. The objcctivc of the surveys was to dctcrminc if uranium from plant 
opcratlons had migrated offsite to neighboring areas including Bcvcrly Harbor, and if so. to 
what degree. The relative location of the harbor to the former Ventron site is shown in Fig. 1. 
The radiological surveys consisted of measurements of radiation levels over the ground 
surface of the prop&es and analysis of soil, scdimcnt, and other material samples for the 
prcscncc of radionuclidcs in concentrations cxcccding guidelines. 

Photos of Beverly Harbor and the tidal arca of the waters adjacent to the former Ventron 
plant site an: shown In Figs. 2 - 4 (pp. 7-S). 

._ SURVEY METHODS 

A comprchcnsivc description of the survey methods and instrumentation used in this 
ivcn in Procedures Manual for the ORNL Radiofogical Survey Actfvfries (RASAI 

RNIJTM-8600 (ApriI 1987)J 

SURFACE RADXATION MEASUREMENTS 

Gamma radiation lcvcls wcrc dctcrmincd using a ponable Nal gamma scintillation me&r. 
Bccausc NaI gamma scintillators arc cncrgy dcpcndcnt, mcasurcmcnts of gamma radiation 

” .,%a Icvcls in counts per minute (cpm) arc normalized to prcssurizcd ionization chamber (PIG) 
. .’ mcasurcmcnts to c&mate gamma cxposurc rates In pR/h. 

IOLOGICAL SAMPLING AND ANALYSES 

rfacc soil sampler wcrc systematically collcctal near the Vcntron 
cicnt to obtain a characterization of the radionuclldc content of the 

cc soff samples Wcrc also collcctcd ln arcas of clcvatcd gamma 
cxposurz rates. Such samples arc rcfcrrcd to as biased samples and arc more likely to contain 

~~~%lcvatcd concentrations of radidnuclldcs than arc systematically chosen samples. Lobster 
the waters south of the Vcntron site. All soil and biological 

:+‘I I: samples wcrc analyzed to dctcrmfnc WJ, W~I, 226Ra , W, and WZs concentrations. 
_’ : . . . -; .’ ‘, : +I;?.;; ..: i’z5i 
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SURVEY RESULTS 

Current guidclincs for sites included within the FUSRAP arc summarized in 
Table 1 (p, IO). Typical background radiation Icvcls for the Bcvcrty, Manachusctts, arca arc 
prcscntcd in Table 2 (p. 1 I). Thcsc data arc provided for comparison with the survey rcsuits 
prcscntcd in this section. All direct mcasurcments prcscntcd in this report arc gros; readings: 
background radiation lcvcls have not been subtracted. Simitarly, background concentrations 
have not been subtracted from radionuclide conccntratfons in soil, debris, and other samples, 

SURFACE RADIATION MEASUREMENTS 

A general gamma scan was conducted of the tidal arca of the harbor adjacent to the 
former Vcntron plant site. On the back (south) and side (west) of the plant site arc the tidal 
anzas of the Danvcrs River on tic south and tic Bass River on the west, Results of gamma 
measurcmcnts taken around the plant site at the scawall and on the mud of the tidal arca arc 
shown on Fig. S (p. 9). Exposure fates at the ground surface ranged from 24 to 40 )tIvh at 
the southwest comer of the site (building labclcd C-1, Fig.5). and 16 to 24 @Jh on the south 
side of the plant (buildings ~B-1 and B-2), with a maximum of 60 @/h metsurcd in one spot 
nc!thcscawall%chind building B-2. _ ThcsC values ‘arc higher than the typical background 
measurcmcnts in the Bcvcrly area, and indicate the presence of residual radioactive 
contamination. Biased soil samples were not taken at all areas with clcvazcd gamma 
mcasurcments. Exposure rates further out from the buildings, in the tidal mud, ranged from 
4 to 9 @Q’h. These values are comparable to the background measurements in the Bcvcrly 
area (Table 2). 

SOSL SAMPLES 

Systematfc 

Soil sample locations arc shown in Fig. 5 and results of analysts arc iistcd in Table 3 
(pp. 12-15). Systematic soil samples wcrc taken from the arca close to the Vcntron plant, and 
also up to the low tide water line in the harbor arca west of the Ventron Plant on the adjacent 
vicinity pmpcrtics VBOI I, VBOl2, and VB013. All soil samples arc included in Table 3. In 
all the samples, maximum concentrations of 22*Ra and 232’l’h in surface soil (O-15 cm) wcrc 
0.80 and 0.99 pCi/g, rcspcctlvcly. In all subsurface soil samples (15-60 cm), maximum 
values wcrc 0.81 pCi/g for 22*Ra and 1.0 pCi/g for 232Th. Thcsc values arc comparable to 
fypical background lcvcls in the Bcvcrly arca (Table 2), and well below DOE guidclincs 
(Table 1). Uranium-238 concentrations in all surface samples ranged from 0.84 to 12 pCflg. 
In subsurface soil, nngcs wcrc from 0.81 to 8.1 pCi/g on the Vcntron site, and from 2.4 to 
7.7 pCi/g on the harbor tidal arca of the adjacent propcrtics, with a maximum of 40 pCi/g 
mcasurcd in the 15-30 cm portion of one sample (VB 12S9B). With this one cxccption, all 
23gU concentrations in thcsc systematic samples were near or slfghtfy above typical 
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background soil concentrations in the Bcvcrly arca flablc 2). but still bcfow guidclincs of 35 
to 40 pa/g that have been appiicd at other FUSRAP sites (Trrbtc I). 

Biased 

Biased samples wcrc taken in the arcas of clcvatcd gamma readings that wcrc mcasurcd 
close to the Vcntron buildings on the outside of the vrimctcr fcncc. (See Fig. 5). Thcsc 
sunplcs, when analyzed for aW, contained concentrations ranging from 32 to 4600 pCiig in 
surhcc soil. Sampic B3C, also a surface sample taken after monitoring for spot 
contamination near the 83 sample location (SW l * footnote, Table 3, p. 15). mcasurcd 
22,000 pCiig. Uranium-238 concentrations in subsurface soil ranged from 11 to 5500 pC!i/g. 
Maximum 226Ra and 2Wh concentrations in the biased samples wcrc 1.2 and 21 pCi/g. 
rcspcctivcly, in surfrtcc soil, and 1.6 and 27 pa/g. rcspcctivcIy, in subsurface samples. 

Sample BlA was subdivided until a metal fragment was isolated. The sample containing the 
metal fraction, Iabclcd Bi AM, mcasurcd 210,000 pCi/g of WJ. Concentrations of 23Ra and 
23zTh in this sample were 27 and 42 pCi/g, rcspcctivcly. Although ncithcr potassium40 
( 4%) nor Ccsium-137_(*WIs ) wcrc associated with any MED operations or processing 
act%itk~tlh-c VWroEsitc; Stimplcs arc routinely analyzed for their prcscncc. Thcsc 
analyses showed that the 81 AM sample contained 41 pCi/g MK and 15 pCi/g WZs, whifc all 
other samples wcrc well below guidclincs for 4*K (Ref. 4) and f37Cs (see Table 1). 
Potassium-40 is naturally occurring; worldwide the concentration of 4% in soil ranges from 
3.5 to 22 pCi/g, and an individual weighing 70 kg (-188 lb! would normally contain about 
140 pCilg.4 The concentration of 1%~ in the sample is well below the guidclincs. 

SfiELLFISfl SAMPLES 

Lobster traps wcrc set in three locations in the waters of the harbor behind (to the south 
of) the former Vcntron plant. For background readings, a fourth trap was set 3.25 nautical 
milts cast of the plant at the Eagle Island Buoy (coordinates: 7OO49’6” Longitude, 
42*31’17” tati&d&). Trap locations arc Indicated in Figs. 1 and 5 and results of anali& 
arc given in Table 4. Each lobster was marked by color-&cd bands attached to the claws 
to dcsignatc its location of capture, and shipped live to ORNL for analysis. 

Three lobsters from each of the four locations wcrc analyzed to dctcrminc 2W3,232Th, and 
2zRa concentrations. In two of the lobsters from each trap, the cdiblc parts (tail and claws) 
wcrc rcmovcd and combined for analysis. In the rcmafning lobster in each trap, the incdiblc 
paru (stomach and its contents, green gland, and carapace) wcrc rcmovcd and combfncd for 
analysis. In all, eight lobsters wcrc used for cdiblc pans analysis, and four for incdibfc parts 
analysis. 
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Results of the analyses showed that thcrc was no significant diffcrcnce in 23*U, 232Tlt. and 
2aRa concentrations bctwccn the background sampics and any of the other samples (see 
Table 4) . 

SIGNIFICANCE OF FINDINGS 

The results of the radiological sutvcy at Bcvcrly Harbor, Bcvcrly, Massachusetts, indicated 
the gcncral elevation of uranium concentrations in soil and the prcscncc of isolated spots of 
significantly clcvatcd 23W concentrations. The contamination occurs as both surface and 
subsurface contamination in spotty locations in the tidal arcas of the harbor, usually within 
50 A of the plant sea wail. 

The concentrations of residual mdioactivc mat&al in the form of a3sU found in certain 
areas in the soils of the harbor around the Former Vcntron site arc in excess of concentration 
guidclincs established by the Dcpartmcnt of Energy. 

*--- --- -*_ - .--.--_m-__.- -. . ~. . =_ - --- -- ~__ 
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ORNL-P1IOTO 391492 

Fig. 2. View of the rear of the Ventron plant looking norlh from the tidal 
area of the harbor, Beverly, Massachusetts. 

. 

ORNL4WOTO 3985-92 

Fig. 3. View looking east from the rcltr of the Vcntron plunt towurda the 
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Table 1. Applicable guidelines for protection against radiation 
(Limits for uncontrolled areas) 

Mode of cxposutc Exposure conditions Guiddinc value 

Gamma radiation Indoor gamma radiation lcvcl 
(above background) 

Radionuclidc con- 
centrations in soil 
(gcncric) 

Maximum pcrmissiblc con- 
centration of the following 
radionuclidcs in soil above 

background Icvcls, avenged 
over a IOO-ma area 

735 Ra 
W-h 
m-h 

Dcrivcd concentrations 23813 

- --Conccntntion~ limit in surface- A:: 
soil above background lcvcls 
based on dose estimates from 
major exposun: pathways 

137Q 

Guideline for non- 
homogeneous con- 
tamination (used in 
addition to the 
IOO-ma guidclinc)d 

Applicable to locations with 
an arca S25 ma. with signill- 
cantly elevated concentrations 
of radionuclidcs (“hot spots”) 

20 lww 

5 pa/g avcragcd over 
the first 15 cm of soil 
below the surface; IS 
pCilg when averaged 
over 15 cm-thick soil 
layers > 15 cm 

below the surface 

Site specific* 

80 pCi/g ovtir a l(X)-ma 
arca of contaminationc 

G,, = Gj (lOO/A)l~ 
whcrc 
GA= guidclinc for “hot 
spot” of arca (A) 
G,=guidclinc avcragcd 
over a lOO-m2 arca 

OThc 20 @X/h shall comply wilh the basic dose limit (100 mrcmlyr) when an appropriate-use scenario is 
amsidacd. 

QOE guidclincs for uranium arc d&cd ori a site-specific basis. Guidclincs of 35-40 pCi/g have been applied 
a; other FUSRAP sires. Sources: J. L. Mrrrlcy and R. F. Carrict, Rest&s of fhc Radiological Swvey a1 4 
Elmhwsl Avenue, Colonie, New York (AL219), ORNL/RASA-871117, Martin Marietta Energy Systems, Inc., 
OiJ< Ridge Narl. Lab., February 1988; 8. A. Bcrvcn ct. al., Radiological Survey of the Former Kellex Research 
Foci&y, Jersey Ciry, New /efsey, DOwEV-ooO5/29,0RNL-5734, Martin Maricua Enctgy Systems, Inc., Oak 
Ridge Nad. Lab., February 1982. 

CJ. W. l-lcaly, 1. C. Rodgcts, and C. L. Wicnkc, Interim Soil Limits /or D&D Projecrs, LA-UR-79.1865. 
Rev., Los Alamos Scientific Laboratory, Los Alamos, NM, 1979. Cited in U. S. Dcpattmcnt of Enctgy, 
Radiological Guidelines for Application 10 DOE’s Formerly Ulilizcd Sites Remedial Action Progrum. ORO-83 1, 
March 1983. 

DDE guidciincs specify that every rcasonablc effort shall be ma& to identify and to rcmovc any source which 
has a concentration exceeding 30 times the guidclinc value, irrespective ofwca. ~adrtpkd from Revised Guidetines 

for Residual Radioactive Ma&al at FUSRAP and Remote SFMP Sires, April 1987). 
Sowcrr: Adapt4 from U.S. Dcpanmcnt of Enctgy, Radiation Prorecrion of Ihe Public and the Environment, 

DOE O&t 5400.5, April 1990 and U.S. Dcpartmcnt of Energy, Guidelines for Residual Rudioxrive Marerial (I 
FL&RAP and Remote SFMP Sires, Rev. 2, March 1987. 
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Table 2. Background radlatlon levels and concentrations of selected 
radionuclides in soil in the Beverly, Massachusetts, area 

Type of radiation measwmcnt Radiation Iwet or radionuclidc 
or sample concentration 

Range Average 

Gamma exposure rate at 6-9 7 
gmmd surface (IrRhP 

Concentration of radionuclidcs 
insoil @Ci/g )” 

0.70-0.94 0.84 
232x-h 0.76-0.94 0.84 

=u 0.69-1.05 0.89 

L 
A_~ I__--; 

~Values obtained from three locations in he Bevctiy area. 
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Table 3. Concentrations of radionuclides in soil samples lrom Ikvcrly 
Iiarbor, ~rvcrly, hlassachusrtts 

Sample numb@ Depth 
(cm) 

Radionuclidc concentration (pCi/g>h 

226Ra 232’rh 23nfJ 

Sysmnaric sumplesc 

SIA O-15 0.45 f 0.01 
SlB 15-25 0.46 f 0.02 

S2A O-15 
S2B 15-30 
s2c 30-40 

S3A o-is -~-~~ ~~~--~ 
S3B 15-30 
s3c 

S4A 
S4B 
s4c 
S4D 

SSA 
SSB 

S6A 
S6B 

S7A 
S7B 

SSA 
S8B 

30-4i) 

o-15 
15-30 
30-4 5 
45-60 

O-15 
15-30 

O-15 
15-30 

o-15 
I s-30 

O-15 

1 s-30 

*~~+w.--+“*;.,c-w.- .,_ _,_-- ,‘. 

0.48 f 0.02 
0.56 f 0.02 
0.5 1 f 0.02 

0.51 f 0.02 
0.56 A 0.02 A; -y-. - - 
0.63 f 0.02 

0.47 f 0.02 
0.47 f 0.02 
0.59 f 0.02 
0.46 f 0.02 

K-74 f 0.02 
0.61 f 0.02 

0.56 f 0.03 

0.58 f 0.02 

0.45 f 0.02 
0.56 f 0.03 

(1.4X f 0.02 
0.73 f 0.03 

,.; .* ,I_ --_ - 

.- 

0.52 f 0.03 2.0 f 0.4 
0.49 f 0.02 1.7 f 0.7 

0.55 f 0.03 2.5 f 0.8 
0.73 f 0.03 4.4 f 0,s 
0.57 f 0.03 3.2 f 0.4 

0.57 f 0.03 3.1 f 0.5 -0.63 ~~ _l_l_l_=e-~ ~~ _ - f 0.03 

-0.70 f 0.03 

0.4X f 0.03 
0.49 i 0.02 
0.61 f 0.03 
0.52 f 0.03 

. 

0.99 f 0.w 
0.82 f 0.03 

2.2 It 0.5 
5.9 f 1 

2.5 f 0.7 
1.6 f 0.7 
I .6 f 0.6 
1.5 f 0.6 

I.6 fl 
0.x I f 0.8 

0.74 f 0.06 
0.72 f 0.03 

MO f 0.03 
0.68 f 0.M 

O.S9f 0.03 
0.73 f 0.03 

4.2 f 03 
3.0 f 0.6 

2.9 1 0.6 
4.6 fO.0 

7.6 1 0.h 
x.1 il 
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Table 3 (continued) 

:: Radionuclidc conccntntion (pCi/gP 
Ssmplc number Depth 

(cm) 
226Ra 232Th 23XU 

Systematic samples 

1.5 f0.8 S19A 
S19B 
VBllS7A’ 

S7B r 

o-15 
15-30 
o-15 

15-30 
-- 

0.5a 0.02 0.65 f O.(u 
0.68f 0.02 0.72 f 0.03 
0.52f 0.02 0.60 f 0.04 
OASf 0.02 0.80 f 0.03 
-..- 

1.6 f 0.7 
0.84fo.7 
2.4 iO.9 _ 

VBi2S9A+ 
S9B 
s9c 

O-15 
15-30 
30-45 

0.69f 0.02 0.74f 0.03 
0.81f 0.04 I.0 f 0.07 
0.81f 0.05 1.0 f 0.07 , 

1 .Ff 0.4 

40 *2 
7.7 f 1 

VBl3%A* o-15 0.6M 0.02 0.69 f 0.03 
588 15-20 0.65f 0.02. 0.73 f 0.03 

2.2 f 0.5 
4.1 f I 

-.- - _. ..c 
. . .:‘,.. 

2,. i ._ 
.T +. 

. -> BlA 
,‘.. -.;- ;,. BlAM 

Biased samplc.$ 
x, 
,:s;- . 

46OOit 90 
‘A.:*\. . 

L -*. :-.c.. i o-15 0.77f 0.3 0.67 f 0.4 
o-15 <27 ~42 

15-30 0.56L 0.05 0.56 f 0.1 
;.;&-+’ __ .. 
. EA. T&*’ z; ‘.I‘,y-. *.. BlB 45* 3 

o-15 0.71f 0.2 1.4 f 0.4 
0.74* 0.2 eo.7 -.y:, 
cl.1 cl.7 ‘.‘ 

15-30 
O-10 ‘. 

o-15 
1 S-30 

‘:.. . . . 
: 

. 
.‘. ;: 

1.2 f 0.1 I I,:., 9.9 f 0.2 
1m6 *o*j ..:A 27 f 0.4 

-.. -.’ 

‘, 
: ’ / : ‘- ‘.. 

. : 

_’ :,- “-1 : 
.‘.,. . 
. ._, 

I:,;- ._ -__ 

:- ,,~J&.&+& ;,> - 
:,, -yj .- .r +:/i . . . , ‘. . 

_ , _ .’ _ ,+*&;;&&&g&&., 

. .. ‘_‘ . ’ ;, ._‘_. 
f ~; “A’. i y.;r T’w’T, _ .-&y ++.. 

. 
I. 

*_ ii.; . . .- .:- 



/cm26 7 
is 

I’;rhte 3 (continucdf 

Kxiionuclidc conwnlr;ttion (pCi/z:* 
sllmptc rlumtW~ Dqllh 

(cm) 
22”Ka 2327‘h t3qj 

B5A 
Ml3 
BSC 

BSA 
BSB 

B7A 
B7B 

,B8A 
B8B 
BSC 

o- 15 
15-W 
30-45 

o-15 1.2 f 0.2 1.8 f 0.4 
15-30 0.56f 0.09 1.2 f 0.2 

o-15 0.63& 0.1 14 f 0.5 
15-30 0.61f 0.05 4.0 f 0.1 

o-15 0.46f 0.1 0.78f 0.2 
15-30 0.7OLk 0.1 0.6% 0.2 
30-45 0.5OLt 0.07 0.71f 0.1 

%xakms of soil smplcs arc shown on Fig S 

%dicatcd counting error is at the 95% confidcncc kxcl (i 20). 
CSystcmatic samples arc taken at locations imspccti~c of gamma cxposurc rates. 
43iasui samples arc taken from areas with clcvatcd gamma cqosurc rates. 
‘Samples from adjacent private propcrtks VB 11, VB 12, VB 13, taken from adjoining bay arca. 

“Sample B3C was taken -1.5 ft cast of B3A sample hole. Surf&cc contamination was monitored with 
the gamma scintillator until primary contaminant was found. 

230 f 10 
130 f 8 
25f 1 

2000 It200 
160f 7 

32f 3 
llf 2 

62M 10 
64of 20 
16&t 7 

:- .A, * ,. e ,‘ 
f . :,: 3 %.I’ 2: $ ‘,. 

p . 
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Table 4. Concentration of rrrdionuclides in fobstcr s;rmptts frorr 
Beverly Harbor, Bescrt_v, Massachusetts 

L.ocxion~ Sampic nurnkr 
Radionuclidc conccnrration tpCi/g) 

X!hRa XTh 

1 Hi 10 

Wi 1 

3 FO2 I 

I-K!2 

4 FW 1 

FOX 

1 FOUZ 

2 FOl2 

3 FOX 

i f'0.W 

EaTible pm 

0.020?0.03 

0.027fO. 1 

u.o23+0.03 

o.o3x_to.os 

O.lX)tj20.00~ 

u.070,0.1 

0.0 1 1 ro.02 

0.032+0.0-I 

inedible purts 
0.032~0.04 

lmx~0.03 

(1.0 16+0.07 

0.0c!4~0.05 

O.(%l +0.002 

0.0004~0.0005 

0.~02~0.0~~ 

0.00 1 ~0.00 I 

0.0003 +,o.oo 1 

0.000(M1+0.00 1 

0.0003?0.0004 

0.0005+0.w2 

o.Ow2 +0.001 

O.~)(X)5~0.~)(~ 

o.ooo3 -to.oo 1 

O.(X) 1 +o.oo I---- .- 

0.0#1~0.003 

0.002_+0.003 

0.002+_0.002 

0.00'+0 1x13 -- . 

0.003~0.002 

0.002i0.003 

0.004+0.004 

0.003_+0.003 

0.0 17kO.006 

0.002r0.002 

0.004t0.002 

-0.004 +_0.002 

0 Trap Lwaions WC shown on Fqs. 1 and 5. 
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TMA/Eberline Oak Ridge, FUSRAP Radiological Reports 
Sampling Event: 1992 Beverly Harbor Sediment Sampling Results 

Date 
Sample ID L,x.&w~ Collected Ahalyte Result Error Units MDA 

---w-- ----v ----- ------- __------m.---- _------- --s--e- 
127CVoo111 3 10/12/92 U-238 2.60 0.980 PCI/G 5.60 
127CVOOlll s~\ 10/12/92 M-226 0.69 0.000 PCI/G 0.69 
127CVOOlll 10/12/92 TH-232 1.10 0.000 PCI/G 1.10 
127CVOOll 10/12/92 TH-230 0.73 0.560 PCI/G 0.07 
127CVOO211 3 10/12/92 U-238 4.30 0.000 PCI/G 4.30 
127CVOO211SD2 10/12/92 RA-226 0.64 0.000 PCI/G 0.64 
127CVOO211 10/12/92 TH-232 0.84 0.000 PCI/G 0.84 
127CVOO21 10112192 TH-230 0.44 0.510 PCI/G 0.07 
127CVOO311 i 10/13/92 U-238 3.20 0.000 PCI/G 3.20 

127CVOO311 127CVOO311~3 
10/13/92 RA-226 0.49 0.020 PCI/G 0.25 
10/13/92 TH-232 0.63 0.040 PCI/G 0.44 

127CVOO311 10113192 TH-230 0.91 0.570 PCI/G 0.07 
127CVOO41 10/13/92 U-238 4.50 0.000 PCI/G 4.50 

~z%Y& sny 10/13/92 10/13/92 RA-226 TH-232 0.59 0.75 0.000 O.O@O PCI/G PCI/G 0.59 0.75 
127CVOO411 10/13/92 TH-230 0.78 0.540 PCI/G 0.07 
127CVOO511 
127CVOO511 3 SDS 

10/13/92 U-238 2.30 1..400 PCI/G 3.60 
10/13/92 RA-226 0.61 0.390 PCI/G 0.46 

127CVOO511 10/13/92 TH-232 0.73 0.530 PCI/G 0.81 

Page lof 1 
:. ::;* -- 

-. 
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Department of Energy 

Oak Ridge Operations 
P.O. Box 2001 

Oak Ridge, Tennessee 37831- 8723 

January 30, 1995 

Ms. Debbie Browning 
Science Applications International Corporation 
P. 0. Box 2501 
Oak Ridge, Tennessee 37831 

Dear Ms. Browning: 

VENTRON CHARACTERIZATION REPORT - APPROVAL FOR PUBLICATION 

This letter provides FSRD approval to publish the Ventron Characterization 
Report. Following our internal review of the document, I met with FSRD and 
support staff in early January to discuss comments. Our overall impression is 
that the Ventron Characterization Report is an acceptable document. I approve 
publication of the Ventron Characterization Report, subject to resolution of 
the comments with FSRD which were provided via my e-mail note to you on 
January 20, 1995. 

If you have any questions, please call me at (615) 576-9441. 

Sincerely, 

cc: 
Steve Oldham, EW-93 
Bill Seay, EW-93 
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January 2,1996 Science Applicatjons International Corporation 
An Employee-Owned Company 

U.S. Department of Energy 
Oak Ridge Fieki Offfce 
P.O. Box 2001 
Oak Ridge, TN 37831-8758 

Attention: Mr. James D. Kopotic 
Opportunity Sites Manager, FUSRAP 

Subject: Contract DE-ACCI5-9lOR21950 
VENTRON - CHARACTERQATfON REPORT - FINAL 

Dear Mr. Kopotic: 

Enclosed please find the Final Ventron Characterization Report and comment resolution forms for DOE and BNI 
comments on the second draft. As requested, this document has been revised to clarff DOE’s authority at the 
Ventron site, as well as, incorporate characterization data from the 1991 ORNL offsite property surveys and 
sampling, and the 1993 and 1994 DOE harbor sampling. 

By copy of this letter, three bound and one unbound copy of the report have been provided to BNI for record retention 
purposes. An electronic copy of the report has been provided to BNI for future distribution requirements. 

If you have any questions or comments please feel free to call me at 481-8531. 

Sincerely, 

SCIENCE ‘APPLICATIONS INTERNATIONAL CORPORATION 

Debbie S. Browning, P&. 
Opportunity Sites Manager 

DSB:bt 

Enclosures 

cc: L. Price, FSRD (w/o) 
8. Seay, FSRD (w/o) 
S. Oldham, FSRD (w/e) 
D. Harbert, BNI (w/e) 
M. Redmon, BNI (w/2e) 
J. Lesch, BNI (w/o) 
R. Weber, BNI (w/o) 
PDCC, BNI (w/unb encl.) 
J. Beck, ORISE (w/e) 
G. Toddings, BNI (electronic copy) 

No. ~044.960107.00~ 
Internal Distribution 

J. Waddell G. Cowarl (w/o) 
T. Patterson K. Renfro (w/o) 
D. Browning K. lronside (w/o) 
G. Stephens (w/o) D. Miller (w/o) 
DRC H. Cothron (w/o) 
CRF 

(615) 482-9031 
Other SAG O/f&s: Albuquerque, Boslon. Cdomcfo Springs. DayIon. Hunlk'ville, Las V’s, Los Angeles, McLean. Orian&. Palo A/@, San Diego. Seattle. Tucson 



Editor’s Note:

PAGES

5-20, 5-22, 5-24, 5-26,
B-6, B-42, B-46, B-51, & B-52,

IN THE FOLLOWING REPORT

ARE BLANK AND HAVE NOT

BEEN REPRODUCED
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DOWOR/21950-1011 

‘CHARACTERIZATION REPORT FOR 
Tm,VENTRON SITE. 

BEVERLY, I@ASSACHUSETTS 

. - 

. . 

DEdMBER 1995 

U.S. Department of Energy, Oak Ridge Operations Offiie, Formerly Utilized Sites Remedial Action Program 

2 with technical assistance from 
Science Applications International Corporation ESC-FUSFtAP 
under Contract No. DE-AC05-91 OR21 950 
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BACKGROUND 

The 1.2~ha (3-acre) Ventron site is located in Beverly, Massachusetts on the 
Massachusetts Bay, approximately 24 km (15 mi) northeast of Boston, at the confluence of the 
Bass and Danvers Rivers. The site is bounded by,Congress S’treet to the north, the Boston and 

, Maine Railroad to the east, and the Bass and Danvers Rivers to the west and south, respectively. 

Ventron Corporation, formerly Metal Hydrides Corporation, was under contract to the 
U.S. Army Corps of Engineers (COE) Manhattan Engineer District (MED) from 1942 to 1947 
to convert uranium oxide to uranium metal powder. In 1965, the Metal Hydrides Corporation 
became the Ventron Corporation, which in turn was acquired by the Thiokol Corporation in late 
1976. In 1982, Ventron became a division of Morton Thiokol, Inc. (BNI 1988), which was 
renamed Morton International in 1990. Prior to and subsequent to MED-related activities, 
Morton performed independent work at the Ventron site with uranium and thorium materials up 
until. 1986. These radiological activities may have resulted in the deposition of residual 
radioactive material in surface and sub-surface soils, interior and exterior building surfaces, and 
equipment surfaces. 

Established by Congress in 1974, the Formerly Utilized Sites Remedial Action Program 
(FUSRAP) is managed by the U.S.. Department of Energy (DOE) to identify and clean up or 
otherwise control sites where residual radioactive materials exceed current guidelines. Residual 
radioactive materials at the Ventron site remain from the early years of, the nation’s atomic 
energy program. 

. . I 
A -1977 radiological screening survey and a 1980 radiological characterization survey of 

the site, both conducted by Oak Ridge National Laboratory (ORNL), confiied the presence of 
res,idual materials, leading DOE to designate Ventron as a FUSRAP site in 1986 (DOE 1986a). 
Specific isotopes of concern found at the Ventron site are uranium-238 (U-238), ,r&ium-226 
@a-226), and thorium-232 (Th-232). Under FUSRAP, 
MED-related materials (uranium) at the site. 

DOE has the authority to remediate 
Morton, the current owner of the site, is 

responsible for all non-MED-related materials at the site. 

This report ‘documents the results of the 1992 characterization efforts by FUSRAP 
conducted in accordance with the Ventron Cbar~enk~on Han (DOE 1992) and subsequent 
characterization efforts performed by DOE in 1993 and 1994. This report, like the 
characterization plan, has been developed using DOE’s Streamlined Approached For 
Environmental Restoration (SAFER) method for task definition. 

FuSO92P1122895 ES-1 
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SUMMARY OF‘THE CHARACTERIZATION RJZSULTS 
. 

DOE has authority at ‘the Ventron site for remediation of .materials containing ‘U-238 
greater than 50 pCi/g. Morton has the responsible at the site for the remediation of non-MED 
materials. For completeness, this report presents the characterization results for uranium, 
radium, and thorium regardless of the division of responsibility for cleanup. 

Table ES-l shows the U-238 concentration ranges for the media at the site that have been 
impacted by MED-related materials. A summary of the characterization results for the buildings 
and various media is presented below. 1’ 

For the buildings, minimal residual alpha activity was detected above remedial guidelines , 
on surfaces in Bui!dings A,, A-l, and the Alfa Building. No removable radioactive materials 
above remedial guidelines were detected (i.e., only fixed beta-gamma levels exceed guidelines). 

. . Surface soil samples confirmed the presence of elevated levels of radioactive materials 
primarily. in the southwest and southeast corners of the site. Elevated Th-232 was detected in 
the surface soil south of the Alfa Building. Elevated U-238 was detected in the surface soil 
south and southwest of Building C-l. One surface sample near the south end of the C Buildings 
failed the toxicity characteristic leaching procedure (TCLP) criteria for lead. 

Subsurface soils containing concentrations of Th-232, Th-230,lW226, or U-238 above 
remedial’ guidelines were detected south of the Alfa Building, under the basements of 
Buildings A-l, B-l, B-2, C-l, and C-2, between the B buildings and the seawall, and between 
Building C-l and the seawall. 

’ Analysis of samples from the ash piles in Building A detected Ba-226 above remedial 
guidelines and high levels of metals (chromium, lead, nickel, and zinc). One.composite sample 
from the ash piles failed the test for ignitability. 

Offsite harbor sediment. was recognized as containing radioactive materials above 
remedial guidelines in previous characterization efforts, however, it was uncertain whether 
migration had occurred. New sediment samples taken in the river, further offshore from the 
site, found no ‘radioactive materials above remedial guidelines. Therefore, the extent of 
radioactive materials is anticipated to be bound within 50 ft of the seawall, southwest of the C 
Buildings, south of the B Buildings, and south of Building F. 

Samples taken from the storm sewer system during the 1992. characterization effort 
showed all parameters to be well below the remedial guidebnes for soil. 

Mussels collected from beds south of and adjacent to the site showed no significant 
difference when compared to the background samples. 

FUSO92P/122895 . ES-2 
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For the 1992 characterization effort, the area east of Building D, which is not one of the 
original areas of concern, produced some elevated readings in the gamma walkover survey. No 
soil samples have been taken from this area to date. The extent of soil that is impacted will be 
determined during remedial action. 

Section 1 of this report provides an introduction and’s discussion of the application of 
the SAFER approach to the 1992 characterization effort. Section 2 discusses the background, 
history, and regional setting of the site. The remediation guidelines for the site are presented 
in Section 3. Data gathered from previous characterization efforts are presented in Section 4. 
The methods and results of the investigation carried out as a result of the characterization plan 
(DOE 1992) are discussed in Section 5. This section also serves as a foundation from which 
data needs are identified consistent with the SAFER approach. Additional characterization 
‘information collected from the harbor in 1993 and 1994 is presented in Section 6. The 
characterization plan defined data needs that were important to the understanding of the site and 
possible remediation alternatives; in Section 7, ,these data needs are evaluated in relation to the 
data cohected. Section 7 also evaluates the conceptual model in light of the new data & well 
as the historical data, which is another essential element of SAFER. The probable conditions 
are refined and the uncertainties are re-evaluated using the new data. Any new or remaining 
uncertainties including data gaps are also identified. Section 8 describes remedial conditions and 
presents decision rules for both monitoring and remediation. 

. 

. . 
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Table ES-l. Concentrations of U-238 in Impacted Media” 

Maximumb Minimum Average’ 
Media (pwz) Wk) Wik) 

Site soil (surface O-15 cm) 4OOO ’ ,0.74 829.4 

Site soil (subsurface > 15 cm) 71,000 1.7 1,221.5 

Harbor sediment (surface O-15 cm) 210,000 0.81 4,022.3 

Harbor sediment (subsurface > 15 cm) 5,500 1.5 248.3 

* Background concentrations have not been subtracted. 
b Maximum conceutrations were detected at biased sample locatious. 
c Concentiatiory represent averages for systema& and biased samples combined. 

, 
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1. INTRODUCTION 

. 

Characterization of the Ventron site in Beverly, Massachusetts, has been conducted as 
part of the Formerly Utilized Sites Remedial Action Program (FUSRAP). Established by 
Congress in 1974, FUSRAP is managed ‘by the United States (U.S.) Department of Energy 
(DOE) to identify and clean up or ‘otherwise control sites where residual radioactivity exceeds 
current guidelines. Congress has authorized DOE to remediate residual radioactive material 
remaining from the early years of the nation’s atomic energy program. 

, 

Ventron Corporation j formerly Metal Hydrides Corporation, began operations involving, 
uranium material in the early 1940s and continued handling uranium and thorium materials under 
licenses granted by the Nuclear Regulatory Commission (NRC) until 1986. Ventron was under 
contract to the U.S. Army Corps of Engineers (COE) Manhattan Engineer District (MED) from 
1942 to 1947 to convert uranium oxide to uranium metal powder. These MED-related activities 
may have resulted in the deposition of residual radioactive material in surface and sub-surface 
soils, interior and exterior building surfaces, and equipment surfaces. A 1977 radiological 
screening survey and a 1980 radiological characterization survey of the site, both conducted by 
Oak Ridge National Laboratory (ORNL), confiied the presence of residual radioactive 
materials, leading DOE to designate Ventron as a FUSRAP site in 1986 (DOE 1986a). Under ’ 
FUSRAP, DOE has the authority to remediate MED-related materials (i.e., uranium) at the she. 
Morton, the, current owner/operator of the site, is responsible for all non-MED-related materials 
at the site (e.g.,’ chemicals., thorium, etc.). Morton entered into a consent order with the State 
of Massachusetts to identify, characterize, and remediate these non-MED-related materials (e.g., 
mineral oil, mercury). 

This characterization report presents the results of previous surveys conducted by ORNL, 
the 1992 field investigation effort carried out by DOE in accordance with the Ventron 
CYzaracterizati~n Plan (DOE 1992), and subsequent characterization efforts conducted by DOE. 
This report presents detailed information about the site, and fills gaps (or inconsistencies) left 
by the historical information review conducted during development of the characterization plan. 

This report has been developed using the Streamlined Approach For Environmental 
Restoration (SAFER) method for task definition. The SAFER approach was developed by DOE 

-as a way to proceed quickly and efficiently through the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) Remedial Investigation/Feasibility Study (RI/FS) 
process at DOE facilities. , / 

The objective of this report is to define areas on the’ventron site where environmental 
remediation by DOE may be required. Specific isotopes of concern found at the Ventron site _ 
are uranium-238 (U-238), radium-226 @a-226), and thorium-232 (‘Th-232). DOE has the 
authority at the Vention site for materials that contain greater than 50 picoCuries per gram 
@G/g) of U-238. Prior to and subsequent to MED-related activities, Morton performed 
independent work with radiological constituents up until 1986. Therefore, remediation of 

l-l 
I 



c 

$3,8005* 

materials that contain concentrations of U-238 that are greater than 50 pCi/g and are commingled 
with radium, thorium, and/or hazardous constituents, will be negotiated between DOE and 
Morton. 

For completeness, this report .presents the characterization results for uranium, radium, 
and thorium, regardless of the division of responsibility for cleanup. 

1.1 sm- APPROACH FOR ENVIRONMENTAL RESTORATION (SAFER) 

Traditional engineering approaches have proven to be both very time-consuming and an 
inefficient use of resources (i.e., money, labor&ory capacity, and staff) when applied to 
environmental remediation. Prior U.S. Environmental Protection Agency (EPA) experience in’ 
the Superfund program has identified, a strong need for streambning the remediation process 
(EPA 1989). To address these needs, DOE developed the SAFER approach (Dailey et al. 
1992). FUSRAP elected to implement the SAFER approach at the Ventron site. 

SAFER has four essential elements: (1) defining and us mg a conceptual model to provide 
a foundation for remedial planning and action; (2) plannmg and conducting assessment, remedy 
selection, and remedial action on a “learn-as-you-go” basis; (3) recognizing the management of 
uncertainty as a key to conducting each phase of the remedial process; and (4) recognizing the 
role and contributions of stakeholders. The application of each element is dynamic during ,the 
environmental restoration process. 

SAFER is based on the need, from both a scientific and engineering perspective, to make 
decisions under uncertain conditions while maintaining progress throughout the environmental 
restoration process. By bringing the knowledge of site conditionsto acceptable levels, remaining 
knowledge gaps can be managed through implementing SAFER processes. SAFER combines 
elements of two recognized processes developed for managing uncertainty at different points in 
the environmental restoration process: the Data Quality Objectives (DQO) process developed by 
,the Quality Assurance Management Staff of EPA (Neptune et al. 1990), and the Observational. 
Approach (OA) whose roots are in managing uncertainty in traditional geotechnical engineering 
applications (Peck 1969). The OA provides a framework for flexible action throughout the 
environmental restoration process, while the *DQO process focuses on establishing the quality 
and quantity of data required to help make decisions at various points in the process. 

The SAFER method combines the DQO and OA processes with a focus on achieving the 
following, all of which can be considered as elements of the SAFER process: 

0 enhanced etnphasis on planning, 

l linked data collection and decision-making needs, 

0 explicit recognition Andy management of uncertainty, 
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0 direct and efficient application of information gained as planning and remediation 
pro=4 

’ 0 development and refmement of a conceptual site model, 

l early convergence on a remedy, and 

0 informing and soliciting input from key stakeholders (regulators and public). 

The SAFER process addresses ,uncertainties in one of two ways: (1) the measurement 
system is enhanced to bring the level of knowledge to an acceptable level (i.e., additional data 
collection is performed or better analytical techniques are used), or (2) the uncertainty is 
acknowledged and expressed as a reasonable deviation to probable conditions. 

The key concept of SAFER is the emphasis on quantitatively defining data adequacy by 
using a decision rz&. The decision rule provides a quantitative statement defining what quantity 
of data provides adequate information upon which decisions can be based. Inherent in the idea 
of the decision rule is the understanding that there will be uncertainty in the decision-making 
process. The goal is to identify data.adequacy that provides ucceptable uncertainly in making 
decisions while managing the residual uncertainty. The objective of the decision rule is to 
establish the linkage between the problem at a site, its remedial objective, and data requirements. 
This will be done iteratively: first, by basing decisions on preliminary understandings, and 
second, by modifying decisions as more information is obtained. 

The explicit recognition of limitations in understanding the waste site conditions allows 
the realization that knowledge of the site is not definitive. Therefore, SAFER recognizes that 
the goal of site characterization is to establish the probabZe conditions (e.g., probable 
contaminants, pathways, etc.) at a site. The term “probable” is quantitatively defined by the 
level of certainty specified as acceptable in the decision rule. Other possible ,(as distinguished 
from probable) conditions may exist at a site because residual acceptable uncertainty remains in 
the understanding of site conditions. SAFER recognizes these conditions as possible deviations 
to the probable conditions. The possibility that deviations may occur is recognized explicitly 
during scoping and throughout the site characterization and remediation process under SAFER. 

Contingency plans are developed to manage deviations from expectations and their 
potential impact on the ability of the remediation technology to achieve the identified remediation 
objectives. Deviations assessed to be reasonably possible have various levels of responses that 
are necessary to mitigate their impact. 
not considered further. 

Deviations that are judged not re&onably,possible are 
Contingency plans are developed for reasonable deviations, todifferent 

degrees of detail depending on the relative probability of occurrence, time to respond, and 
stakeholder concerns. 

J-3’ . FuSO92P/122895 



Monitoring plans are developed to detect any of the identified reasonable potential 
deviations during the site remediation process. The monitoring plan is developed in concept 
during the FS or Engineering Evaluation/Cost Analysis (EEKA) phase and in detail during the 
Remedial Design (RD) phase. The monitoring plan may require modification following 
implementation of a contingency plan. ’ 

Stakeholders at the Ventron’site have been defined as groups directly involved in or 
affected by the actions undertaken as part of the FUSRAP remedial activities. The Ventron site 
is located within the boundaries of the town, of Beverly, Massachusetts. The identified 
stakeholders include DOE, Morton, the State of M,assachusetts, and the town of Beverly and its 
citizens. 

Essential elements of SAFER have been applied to the implementation of the 
characterization plan and the results of this effort and subsequent characterization efforts are 
presented in this characterization report. Section 2 of this report will discuss the background, 
history, and regional setting of the site. The remediation guidelines for the site are presented 
in Section 3. Data gathered from previous characterization efforts is presented in Section 4. 
The methods and results of the investigation carried out as a result. of the characterization plan 
(DOE 1992) are discussed in Section 5. This section will serve as a foundation from which data * 
needs are identified consistent with the SAFER approach. Additional characterization 
information collected from the harbor in 1993 and 1994 is presented in Section 6. . The 
characterization plan defined data needs that were important to the understanding of the site and 
possible remediation alternatives; these data needs are evaluated in relation to the data collected 
in Section 7. Section 7 also evaluates the conceptual model in light of the new data as well as 
the historical data, which is another essential element of SAFER. The probable conditions are 
refined and the uncertainties are re-evaluated using the new data. Any new or remaining . 
uncertaint$s including data gaps are also identified. Section 8 will describe remedial conditions 
and present decision rules for both monitoring and remediation based on the types and quality 
of data collected. 
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2. REGIONAL SETTING, Sti HISTORY, AND BUILDING HISTORY 

2.1 REGIONAL SETTING 

The 1.2 hectare (ha) (3-acre) Ventron site is located in Beverly, Massachusetts, on 
Massachusetts Bay, approximately 24 kilometers (km) (15 mi) northeast of Boston (Figure 2-l) 
at the confluence of the Bass and Danvers Rivers. The site is bounded by Congress Street to the 
north, the Boston and Maine Railroad to the east, and the Bass and Danvers Rivers to the west 
and south, respectively., 

2.1.1 Regiod Geology 

The near-surface geology of the region is dominated by granitic bedrock beneath varying, 
thicknesses of glacial till and glacial outwash sediments deposited during the retreat of extensive 

s Pleistocene glaciers. The topography is generally low rolling hills and plains with some bedrock 
outcrops forming round to oval hills ranging from about 30 to 85, meters (m) (100’ to 280 ft) in 
elevation. 

2.1.2 Site Gedogy 

The geology at the Ventron site and neighboring area is consistent with the regional 
geology, although the land surface and shallow subsurface have been altered by residential and 
commercial development (including fti used to raise Ventron to .its current elevation). Four 
primary stratigraphic units have been described from drilling conducted.by Morton International: 

. fill, native alluvial deposit.& glacial till, and bedrock. The depth to bedrock varies between 
2 and 20 ft below grade. In general, the bedrock’consists of a gray to greenish gray gabbro. 

2.1.3 Soils 

Site soils are classified as udorthents, which are soils that have been altered by human 
activity such as construction. Site soils are primarily imported coarse gravel and sand fill 
material that most likely overlie native glacial till. The topsoil consists ,of fine to medium sand. 
The glacial till is unstratified and very poorly sorted, with clast sixes ranging from Fme sand and 
silt to variable sized cobbles. 

2.1.4 Surface Hydrology 

Surface water at the Ventron site flows’ into the Danvers and Bass Rivers or into . 
Congress Street drainage structures via gutters, culverts, storm sewers, or surface sheet runoff. 
‘Most of the site is either occupied by building space or covered with asphah or concrete. Thus, 
only a small fraction of surface water introduced to the Ventron site currently penetrates the 
ground. 
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2.1.5 Hydrogeology 

Seven monitoring wells were installed by Morton at the Ventron . site to assess 
groundwater quality and groundwater flow direction. Some of the wells were screened in 
bedrock because no water was found in overburden sediments due to shallow bedrock and/or 
because tidal influences were likely to cause a drop in the watertable below the top of bedrock. 

, 

In general, two hydrostratigraphic units are present at the site: unconsolidated deposits 
and fractured bedrock. Throughout most of the site, the top of bedrock is above the mean 

. groundwater table. Groundwater generally flows to the south-southwest toward the Danvers 
River, reflecting the, overall topography of the area. Subtle changes in the flow gradient and flow 

. direction are apparent around monitoring wells proximal to the s&wall. . 

Potentiometric levels at the site range from minus 1.34 to 14.63 ft above mean sea level 
(MSL). Tidal influences are only seen in wells close to the seawall ,with watertable elevation 
fluctuating between 4 and 2 ft with the rise and, fall in sea level. Based on the few’ large, 
transmissive fractures encountered while coring the bedrock wells and the water level responses 
from wells farther, from the seawall, it appears that the bedrock probably has a low conductivity 
and poor connection with the Danvers River. 

2.2 SITJ$ HISTORY . 

From 1942 to 1947, the Metal H&ides Corporation was under contract to MED and its 
successor, AEC, to convert uranium oxide to uranium metal powder using calcium hydride at 
the site. All MED/AEC-related work at the site involved handling natural processed uranium; 

. no depleted or enriched uranium was processed at the site. Other operations performed at the 
site involved recovery of uranium from scrap uranium materials. 

Following the MED/AEC activities, the site was decontaminated to cleanup standards 
applicable for the time. Two of the three buildings that housed the foundry facilities were 
demolished sometime between 1948 and 1950 (after completion of AEC surveying and 
decommissioning), and two other buildings (Buildings B and F) were erected at these locations 
(Figure 2-2). The remaining original buildings (Buildings A and A-l) contained furnaces, 
leaching facilities,. a mixing room, a drying room, and analytical laboratories (Cottrell and 
Carrier 1988). 

In 1965, Metal Hydrides Corporation became the Ventron Corporation, which in turn was 
acquired by the Thiokol Corporation in late 1976. In 1982, the Ventron site became a division 
of Morton Thiokol, Inc. (Cottrell and Carrier 1988), which was renamed Morton International 
in 1990. Table 2-1 provides a brief chronology for the site. 
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MED-related activities at the Ventron site conducted between 1942 and 1947 were limited 
to the use of uranium. Morton was licensed to handle uranium before and after the, MED-related 
,activities. However, significantly larger quantities of uranium appear to have been used for the 
MED-related activities. MED-related activities did not reference thorium material; however, 
Morton was licensed to handle thorium. following the MED-related activities. Neither MED nor 
Morton licenses/contracts referenced radium as a source niaterial used at the site. Radium 
residuals at the site may have occurred as a result of radium being (1) a byproduct of ore 
concentrates used prior to MED-related activities, (2) a byproduct of significant quantities of 
oxides used during the MED processes, (3) a byproduct of pitchblende ore and oxides used after 
MED processes, and (4) less ,significantly, a decay product from any natural uranium used by 
Morton. Due to the significant differences in, quantities of materials used for MED versus non- 
MED processes, the source of the limited amounts of radium materials on the site is 
indeterminable. t 

Based on current knowledge of MED-related processes performed at Ventron, no 
hazardous constituents resulting from MED-related activities, are expected to be present in the 
soil. However, hazardous constituents from other Morton activities may be commingled with 
MED-related material. 

2.3 BWING HISTORY 

The site has four groups of buildings (Alfa, A; B, and C), one chemical storage tank, 
two office buildings, and three other buildings (D, E, and F) (see Figure 2-2). Based on 
existing radiological and chemical data, the buildings and grounds described below were selected 
for further investigation during the 1992 characterization effort. The results of the 1992 
characterization effort are described in Section 5. 

A Buildings: A and A-I 

Building A is one of the two remaining original buildings that were used for MED-related 
work. It adjoins Building A-l and together these buildings were used by MED for uranium 
oxide storage during processing. The building is.built directly on bedrock. Some of the original 
equipment is still in the building, including furnaces, vents, blowers, and piping. Ash from the 
furnaces has been piled on the floor of the building under each of the furnaces. In ,previous 
investigations, elevated levels of radioactivity were detected on the interior building surfaces, 
on MED-related equipment, and-on the roof. The impacted portion of the roof was removed 
and replaced by DOE in 1987 (see Table 2-l). 

A concrete loading pad adjacent to Building A-l is thought to have been the, location of 
uranium oxide storage and transfer activities. 

FuSO92P/122895 2-3 



B BuiMings: B-l, B-2, and B-3 

These adjoining buildings face the harbor to the south. Buildings B-l and B-2 were 
erected over the location of the machine shop which had been in use during MED-related 
activities., The machine shop was demolished some time between 1948 and 1950, after being 
surveyed and decommissioned in compliance with cleanup standards set at that time. The 
basements of these buildings hold pipes and other equipment. An impacted sump is located in 
the basement of Building B-2. The upper floors of these buildings are used for chemical storage 
and for some processing. Previous investigations detected impacted soils beneath Buildings B-l 
and B-2; however, no residual radioactive materials ,were detected within the B Buildings.’ (’ 

C’ Buildings: C-l, C-2, C-3, and C-4 . . 

These buildings are joined and face the harbor to the west. They contained an analytical 
laboratory and an employee cafeteria. Previous investigations detected radioactivity in the soils 
adjacent to and beneath the C Buildings. However, no residual radioactive materials were 
detected within the C Buildings. Two subsurface liquid waste pits in the vicinity of the C 
Buildings are reported to have been active during MED-related activities. 

Alfa Building 

The Alfa Building was built after the MED/AEC contract was terminated (Cottrell and’ 
Carrier 1988): This building was used primarily for storage, although occasionally it was used 
as a laboratory. The first floor contains hoods, duct work, and other equipment. This building 
was used by Ventron for thorium processing after MED-related activities had ceased. Th-232 
and U-238 have been found in soils adjacent to this building. 

F Build&g 

Building F was constructed after MED-related activity had ceased. The foundry, which 
it replaced, was active during MED-related activity. Investigations conducted prior to the 
characterization plan did not include Building F or the adjacent soils and fill. Building F was 
used as a solvent storage area. 

2.4 CuRREy SITE CONDITIONS 

Production operations at the Ventron site ceased in November 1994. Morton is in the 
process of removing all equipment free of radioactive materials from the facility. The Ventron 
site is being remediated, by Morton, in accordance with .Massachusetts General Law (MGL), 
Chapter 21E (The Massachusetts Contingency Plan 1993). Morton has completed the first phase 
of the remediation process and is proceeding towards completing the remaining four phases. . 
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Table 2-1. Chronology of Events for the Ventron Site 

‘1942 to 1948 

1948 

1948 to 1950 

l Metal Hydrides Corporation operated under contract to the Mauhattan Engineer 
% District (MED) to convert uranium oxideto uranium metal powder. 

l Atomic Energy Commission @EC) conducted a radiological survey of the site. 
l Decommissioning activities performed by AEC. 

l Two of the three buildings that housed foundry facilities were demolished and two 
new buildings were later constructed in the same locations. 

1965 

1976 

1977 

l Metal Hydrides Corporation became Ventron Corporation. 

l Ventron Corporation acquired by Thiokol Corporation. 

l R&iologid survey assessment (included both indoor and outdoor surveys of the 
Ventron site) performed for DOE by Oak Ridge National Laboratory (ORNL). ’ 

1980 l Ventron became a division of Morton Thiokol, Inc., which was renamed Morton 
International in 1990. 

1980 to 1982 

1986 

l More complete surveys of land and .buildings at Ventron conducted by OWL. 

l Ventrondesignatedto PUSRAP. 
l Based upon the evaluation of the survey results, DOE determined that remedial 

action at the site was warran& 
l Underground tank removed by Morton; DOE provided health physics support to 

Morton during this activity. 

1987 ’ l Contaminated roof replaced by DOE and material disposed at the DOE Hanford 
facility. -. 

1987 to 1988 l Radiological survey of onsite buildings conducted by ‘OWL. 

1987, 1988, 1991.. l DOE provided health physics support to Morton 

1991 .- ‘0 Offsite Vicinity Property Survey Investigation-Subsequent radiological survey 
perfcimed by ORNL in May to determine if radiological contamination from plant 
operations had migrated offsite. 

1992 l Ventron Site Characterixation Investigation-To determine the nature and extent of 
radiological contamination at the Ventron site, further characterization of 
radioactive and chemical contamination was performed in September and October. 
Prehminary results reveal elevated leve@ of radioactivity in a few small, isolated s 
Areas of the site, inside two buildings, and beneath three other buildings. 

l Information session held in Beverly, Massachusetts, in December to explain the 
results from the offsite vicinity property survey to the residents. 

1993 

1994 

l In September, health physics support provided to’Morton in support of the state’s 
re@rest to sample’sediments from Beverly Harbor. 

- l Composite sediment samples collected from Ventron site harbor area. 

l Discrete sediment samples collected from Ventron site harbor area. 
l Production ceased at the Ventron site in November 1994. 
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3. REMEDIATION GUIDELINES s 

. 

3.1 RADIOLOGICiL CONSTITUENTS 

Preliminary remediation objectives have been derived from DOE Order 5400.5. ,’ 
Remedial action guidelines for residual concentrations of Ra-226, Th-230, and Th-232, when 
averaged over any 100 m2 area, are: 

0 5 pCi/g above background, averaged over the f&t 15 centimeters (cm) of soil’ 
below the surface; and 

l 15 @i/g above background, averaged over 15 cm-thick layers of soil at greater 
than 15 cm below the surface (see Table, 3-l). . 

Remedial objectives for uranium are established on a site-specific basis. The remedial 
objective for U-238 in soils at the Ventron site is 50 pCi/g above background levels; the 
remedial objective for total uranium is 100 pCi/g above background levels (Appendix A) 
(ANL 1992). 

’ 

, 

DOE has authority at the Ventron site for soils which contain greater than 50 pCi/g of 
U-238. Remediation of soils which contain concentrations of U-238 greater than 50 pCi/g and 
which are commingled with radium and/or thorium will be negotiated between DOE and 
Morton. 

In general, the screening limit for gamma-radiation walkovers is twice naturally occurring 
. background levels. For the Beverly area near Ventron,, background radiation measurements 

were taken and are presented in Table 3-2. 

The guidelines for allowable radioactivity levels on structural surfaces are shown in 
Table 3-l. 

3.2 HAZARDOUS CONSTITUENTS ; ’ 

Remediation of soils which contain concentrations of U-238 greater than 50 pCi/g and 
which are commingled with hazardous constituents will be negotiated between DOE and Morton. 

Remedial objectives for hazardous constituents are under negotiation between Morton and 
the State of Massachusetts as part of Morton’s ongoing site investigation. 
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Table 3-1. Summary of DOE Guidelines for’ Residual Radioactive Contamination . 

BASIC DOSE LIMITS 

The basic 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 (ALARA) principles to set site-specific guidelines. 

SO& GUIDELINES 
/ 

Radionuclide Soil Concentration (nCi/g) Above BackPround’*b*e 

h-226, Ra-228, 5 pCi/g tihen averaged over the first 15 cm of soil below the surface; 15 pCi/g 
l’h-230, and Th-232 when averaged over any 15-cm thick soil layer more than 15 cm below the surface. 

Other radionuclides Site-specific U-238 guideline of 50 pCi/g and a total-urauium guideline of 100 pCi/g 
were developed for the Ventron site soils. 

STRUCTURE GUIDELINES 

Airborne Radon Decay Products 

“Generic guidelimes for concentrations of airborne radon decay products shall apply to existing 
occupied or habitable structures on private property that are intended for release without restriction; 
structures that will be demolished or buried are excluded” (DOE 1990). The applicable generic 
guideline (40 CPR 192.12 (b)l) is:, “in any occupied or habitable building, the objective of remedial 
action shall be, and reasonable effort shall be made to achieve, an annual average (or equivalent) radon 
decay product concentration (including background) not to exceed 0.02 WLd. In any case, the radon 
decay product concentration (including background) shall not exceed 0.03 WL. ” Remedial actions are 
not requimd in order to comply with this guideline when there is reasonable assurance that residual 
radioactive materials are not the cause. 

External ‘kamma Radiation 

The average level of gamma radiation inside a building or habitable structure on a site that has no 
radiological restrictions on its use shall not, exceed the background level by more than 20 $Uhr and 
will comply with the basic dose limits whenan appropriate-use scenario is considered. 

Indoor/Outdoor Structure. Surface C@amlnation 

Allowable Surface Residual Contamination (dom/lOO cm’)” 

Radionuclide’ 

h-amumics, h-226, Ra-228, Th-230, 
h-228, Pa-231, AC-227, I-125, I-129 

ih-Natural, Th-232, Sr-90, Ra-223, 
h-224, U-232, I-126, I-131, I-133 

J-Natural, U-235, U-238, and associated 
lecay product alpha emitters 

se&gamma emitters (radionuclides with 
lecay modes other than alpha emission 
)r spontaneous fission) except Sr-90 and 
bthers noted above1 

Average@ Maximumhi Removablehj 

1w 3w 2P 

Loo0 3,000 200 

5,OOOcY . 15,000 a 1,000 01 

5,000 P-Y 15,000 P-7 Loo0 P-7 
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Table 3-1. (continued) 
. 

* These guidelines take into account ingrowth of Pa-226 from Th-230 and of ka-228 from Th-232 and assume 
secular equilibrium. If either Th-230 and Pa-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 dose limit, or 2) the sum of ratios of the soil concentration of each 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 m2 surface area. 

c If the average concentration in any surface .or below-surface area less than or equal to 25 m2 exceeds the 
authorized limit or guideline by a factor of ( 100/A)‘n, where A is the area of the elevated region in square meters, 
limits for hotspots shall also be applicable. Procedures for calculating these hotspot limits, which depend on the 
extent of the elevated local concentrations, are given in the supplement of the FUSIWP Summary Protocol. In 
addition, every reasonable effort shall be made to remove any source of radionuclide that exceeds 30 times the 
appropriate limit for soil, irrespective of the average concentration in the soil. 

d A working level (WL,) is any combination of the short-lived radon decay products in 1 liter of air that will result 
in the ultimate emission of 1.3 x 10s MeV (mega electric vol,t.s) of potential alpha energy. 

’ As used in this table, ,dpm (disintegrations per minute) means the rate of emission by radioactive material as 
detemined by correcting the counts per mimtte @pm) measured by an appropriate detector for background, 
efficiency, and geometric factors associated with the msttumentation. 

f Where surface contamination by both alpha- and beta-gamma-emitting radionuclides exist.& the limits established 
for alpha- and beta-gamma-emitting radionuclides should apply independently. 

L Measurements of average contamination should not be averaged over an area of more than 1 n?. For objects of 
less surface area, the average should be derived for each such object. 

h The average and maximum dose rates associated with surface contamination resulting from beta-gamura emitters 
should not exceed 0.2 mrad/hr and 1.0 mrad/hr, respectively, at a depth of 1 cm. 

i The maximum contamination level applies to an area of not more than 100 cm2. 

j The amount of removable radioactive material per 100 cm2 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 cm2 is determined, the activity per unit area should be 
based on the actual area and the entire surface should be wiped. It is not necessary to use wiping techniques to 
measure removable contamination levels if direct scan surveys indicate that total residual surface contamination 
levels are within the limits for removable contamination. 

Ir Guidelines for these radionuclides are not given in DOE Grder 5400.5; however, these guidelines are considered 
applicable until guidance is provided. 

’ This category of radionuclides includes mixed fission products, including the Sr-90 which is present in them. It 
does not apply to Sr-90 which has been separated from the other fission products or mixtures where the S&l 
has been enriched. 

Sources: 40 CZ?R 192, DOE 1986b, DOE 1990. 
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Table 3-2. Background Radiation Levels in the Beverly, Massachusetts Area” 

Gamma exposure rate at 1 m above 
floor or grkmd surface (pR/l~)~ 

Bar&round conkentration of ’ 
radionuclides in soil @G/g)” 

Ra-226 

‘IX-232 ’ 

U-238 

a Cottrell and Carrier 1988. 

und Radiation..Lkvel or ‘kadionuclide Concentration 
:I,.: ,,,, :_ :, :‘,.:l,:&nge: ,, ‘,,“‘[,‘, ; ,. Average 

6-8 7 

1.0 - 1.8 1.3 

0.98 - 1.2 1.1 

0.92 - 2.7 1.6 

b Values obtained from tj.uee locations in the Beverly area. 
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1 4. PREVIOUS STUDIES 

AEC conducted a radiological survey of the Ventron facility in 1948. Survey results 
indicated the presence of elevated levels of radioactivity in the two foundry buildings and on 
various pieces of equipment. . Decontamination and decommissioning activities performed by 
AEC in 1948 included demolishing the foundry buildings,. sandblasting painted surfaces on 
equipment, and removing concrete floors and platforms. These cleanup activities were 
performed in accordance with guidelines in effect at the time (Cottrell and Carrier 1988). 

ORNL conducted a radiological site screening survey in 1977 to determine compliance 
with current DOE environmental cleanup guidelines. Based upon these results, DOE determined 
that a comprehensive radiological survey of the entire site was warranted. A comprehensive 
radiological survey of the outdoor portion of the sjte was conducted ,by CRNL in 1980. The 
outdoor survey included gamma exposure rate scans, analysis of radionuclide concentrations 
from surface and subsurface soil samples, downhole gamma logging of augered boreholes, and 
analysis of radionuclide concentrations from sediment samples from storm sewer manholes. The 
buildings and structures on the site were surveyed by ORNL in 1982 (Cottrell and Carrier 1988). 

Subsequent radiological surveys were performed by ORNL in 1991 to determine if 
uranium materials from work performed at Ventron under MED contracts had migrated offsite. 
The surveys were performed on the Beverly Harbor and 24 offsite residential/municipal 
properties. The survey of the harbor included gamma ,exposure rate scans and analysis of 
sediment and’ biological samples. The survey of the offsite properties included surface gamma 
scans, beta-gamma scans, and analysis of soil samples. Results of these previous studies are 
‘discussed below. 

4.1 GAMMA EXPOSURE RATE SCANS OF THE OUTDOOR SITE AREA 

For the ‘ORNL survey (Cottrell and Carrier 1988), the overall average exposure rate at 
1 m above the ground surface was 8 microRoentgens per hour ($Uhr). Although this is only 
slightly above the average background gamma exposure rate of 7 $Uhr at 1 m above the ground 
surface for the Beverly, Massachusetts area (see Table 3-2), elevated gamma exposure rates 
above background were detected in numerous areas. Table 4-l lists the gamma exposure rate 
data collected by ORNL in 1980 ‘for grid blocks that had maximum gamma exposure rates 
( 2 10 $Uhr). Figure 4-l shows the locations of the elevated gamma exposure rates ’ 
(2 10 ~Rlhr). The highest gamma exposure rate values were reported for the southwest and 
southeast corners of the site. The maximum gamma exposure rate values of 300 and 450 pR/hr 
were measured ‘south of the Alfa Building and adjacent to the southwest corner of Building C-l 
(Locations 15, 16, and 25). The close proximity of high gamma measurements to the intertidal 
zone suggests a high potential for elevated levels of radioactivity in the rip-rap and intertidal 
sediments. This concern was supported by the detection of elevated .gamma radiation during a 
cursory gamma scan of the tidal area adjacent to the site. 
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4.2 SITE SOIL ANALYSIS 

Characterization of site .soils was performed by ORNL .by collecting surface and 
subsurface soil samples for radionuclide analyses and logging of gamma radiation levels at 
various depths in subsurface boreholes. 

4.2.1 Surface Site Soils 

The surface soil sampling included samples taken primarily from 0 to .15 cm (0 to 6 in.) 
‘from systematically selected locations and biased locations. The biased samples were taken at 
points showing elevated gamma radiation levels based on a gamma walkover ‘surface survey. 
Nineteen systematic samples and 9 biased samples were collected for a total of 28 surface soil 
samples (see Figure 4-2). All samples were analyzed for Ra-226, Th-232, and U-238. 

Figure 4-3 depicts the locations of ,the surface soil samples taken that had radionuclide 
concentrations of Ra-226 or Th-232 greater than 5 pCi/g or U-238 greater than 50 pCi/g. The 
radionuclide concentrations. for these surface soil samples are shown in Table 4-2 (Cottrell and 
Carrier 1988). 

Consistent with the gamma scan results, the highest. surface soil radionuclide * 
concentrations were reported for samples from the southwest and southeast corners of the site. 
Concentrations of Th-232 in the systematic samples ranged from less than 1 to 370 pCi/g. Of 
the 19 systematic soil samples analyzed for Th-232, all but four were at background levels. The 
maximum concentration of Th-232 found in the biased soil samples was 3,900 pCi/g found in 
the southeast corner of the site. Concentrations of U-238 in the systematic surface soil ranged 
from 0.74 to 97 pCi/g and averaged 12 pCi/g. Fourteen of the 19 systematic soil samples 
contained uran.iunYconcentrations in excess of local background concentrations. The maximum 
concentration of U-238 found in the biased soil samples was 44,000 pCi/g in the southwest 
corner of the site adjacent to Building C-l. All concentrations of Ra-226 in the surface soil 
samples were at or near background levels for the Beverly area. The average concentrations of 
Ra-226, Th-232, and U-238 were 2 pCi/g, 196 pCi/g, and 1,342 PC&, respectively. 

4.2.2 Subsurface Site Soils 

Boreholes were augered by ORNL around and beneath Buildings B-l, B-2, B-3, and C-l 
and south of the Alfa Building (see Figure 4-4). One or more soil samples were taken from 
each borehole at various depths ranging from the surface to 3.5 m and ,ana.lyzed for U-238, 
Ra-226, and Th-232 concentrations. Selected boreholes were downhole, gamma logged using a, 
shielded gamma scintillator. - 

Table 4-3 provides the radionuclide concentrations for the borehole samples that had 
concentrations of Ra-226 or Th-232 greater than 15 pCi/g or U-238 greater than 50 pCi/g. The 
locations’of these boreholes are shown in Figure 4-5. 
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Concentration of U-238 found in the subsurface soil samples taken from boreholes around 
the buildings ranged from 1.7 to 62,oi)o pCi/g. The maximum concentrations of Ra-226 and 
Th-232 around the buildings were 30 and 53 pCi/g, respectively. 

.’ Analysis of subsurface soil samples taken from boreholes beneath the buildings showed 
concentrations of U-238 ranging from 1.8 to 71,000 pCi/g and averaging 1,800 pCi/g.. The 
maximum concentrations of U-238 found beneath Buildings B-l, B-2, B-3 and C-l were 
14,000 pCi/g, 71,000 pCi/g, 17 pCi/g, and 1,400 pCi/g, respectively. Concentrations of Ra-226 
and Th-232 beneath the buildings ranged from less than 0.08 to 37 pCi/g, and less than 0.05 to 
3.3 pCi/g, respectively. 

The’average concentrations of Ra-226, Th-232, and U-238 in the subsurface soils were 
1.8 pCi/g, 4.7 pCi/g, and 1,945 pCi/g, respectively. 

. . 
The data suggest that the areas of greatest U-238 concentrations are under Buildings B-l, 

B-2., and C-l. Areas of elevated Th-232 concentrations are much less extensive and are found 
mostly in the southeast corner of the site. Only two boreholes had concentrations of Ra-226 
greater than 15 pCi/g: one borehole was adjacent to Building B-3 (B12) and the second borehole 
beneath Building B-2 (B19) (Cottrell and Carrier 1988). 

The maximum borehole depth, measured by ORNL, beneath the basement floors of 
Buildings B-l, B-2, B-3, and C-l with U-238 concentrations greater than 50 pCi/g was 2..15 m 
(samples B-19 and B-25). ,The maximum borehole depth measured around the buildings with 
U-238 concentrations. greater than 50 pCi/g was 0.75 m (sample B-11). 

4.3 HARBOR SURVEY AND ANALYSES 

The 1991 ORNL radiological survey of the Ventron site harbor area consisted of 
measurements of radiation levels over the ground surface and analyses of soil, sediment, and 
biological samples. The locations of the soil, sediment, and biological samples are shown in 
Figure 4-6. The results of the gamma survey, soil, and sediment analyses, and biological 
analyses are discussed below. 

The radiological survey of the tidal flat area adjacent to the facility indicated that gamma 
exposure rates on the tidal flats adjacent to the. seawall ranged from 24 to 40 pR/hr at the 
southwest corner of the site (adjacent to Building C-l), and 16 to 24 $Uhr on the south side of 
the site (adjacent to Buildings B-l and B-2), with a maximum of 60 pR/hr measured m one spot 
near the seawall behind Building B-2. Exposure rates farther out from the buildings, in the tidal 
flats, ranged from 4 to 9 ~Rlhr. These values are comparable to the background measurements 
in the Beverly area. 

The systematic soil samples were taken from the area close to the,Ventron site and also 
’ up to the low tide water line in the harbor area west of the Ventron site on adjacent vicinity 
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properties. The biased samples were taken in the areas of elevated gamma readings that were 
measured close to the Ventron site buildings on the outside of the perimeter fence. 

All systematic samples, both surface (O-15 cm),and subsurface (1560 cm), contained less 
than 5 pCi/g of Ra-226 or Th-232 and less than 50 pCi/g of U-238. 

The ,biased surface samples (O-15 cm) contained U-238 concentrations ranging from 32 
to 4,600 pCi/g. Sample B3C, a surface sample taken after monitoring for localized elevated 
radiation readings near the B3 sample location, measured 22,000 pCi/g. U-238 concentrations 
in the subsurface biased samples ranged from 11 to 5,500 pCi/g. Maximum Ra-226 and Th-232 
concentrations in the biased samples were 1.2 and 21 pCi/g, respectively, in the surface 
sediment, and 1.6 and 27 pCi/g, respectively, in the subsurface sediment. 

Biased sample BlA was subdivided until a metal fragment was isolated. The sample 
containing the metal fraction was labeled BlAM and measured 210,000 pCi/g for U-238. 
Concentrations of Ra-226 and- Th-232 in this sample were less than 27 and less than 42 pCi/g, 
respectively. 

Figure 4-7 and Table 4-4 show the locations and’ concentrations, respectively, of the 
surface and subsurface sediment samples that contained concentrations of Th-232 greater than 
5 pCi/g for surface samples or 15 pCi/g for subsurface samples or U-238 greater than 50 pCi/g 
(ORNL 1991). 

Lobster traps were set in three locations in the harbor to the south of the site. For 
background readings, a fourth trap was set 3.25 nautical miles east of the site Three lobsters 
from each of the locations were analyzed to determine U-238, Th-232, and Ra-226 
concentrations., In two of the lobsters from each trap, the edible parts (tail and claws) were 
removed and combined for analysis. In the remaining lobster in each trap, the inedible parts 
(stomach, green gland, and carapace) were removed and combined for analysis. Results ,of the 
analyses showed no significant difference in U-238, Th-232, and Ra-226 concentrations between 
the background samples and any of the other samples (ORNL 1991). 

’ 

4.4 STORM SEWER SEDIMENT ANALYSIS 

Sediment samples from three storm sewer manholes on the site were analyzed for 
Ra-226, Th-232, and U-238 (Cottrell and Carrier 1988). Table 4-5 lists radionuclide 
concentrations for each of the samples and Figure 4-8 illustrates the storm sewer sediment 
sample locations. 

Concentrations of Ra-226 ranged from 7.4 to 100 pCi/g in the three samples. One 
elevated Th-232 concentration (21 pCi/g) ‘and one elevated U-238 concentration (25 pCi/g) was 
also detected. . 
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4.5 INDOOR SURVEY 
.1’3 80 0 5 ‘. 

In 1982, ORNL conducted a radiological survey of all building interiors on the Ventron 
site, and the roofs of Buildings A and A-l (Cottrell and Carrier 1988). The survey included 
gamma exposure rates at 1 m above the floor surface, and at the floor surface at indoor grid 
locations, gamma scanning, and d,irect and transferable alpha and beta-gamma activity. 

Spotty regions of elevated radionuclide measurements were identified on the floors, walls, 
overhead surfaces, equipment, and roofs of Buildings A and A-l and the Alfa Building. 

Inside Building A, elevated measurements were most evident in Rooms 20, 29 and 30. 
Directly measured alpha and/or beta-gamma levels were elevated on floors, walls, overhead 
surfaces, equipment, and in the floor drain troughs. Elevated radionuclide measurements were 
found on the roof as a result of particulate deposition. In 1987, DOE replaced the roof of 
Building A. Direct alpha ranged from 140 to 10,ooO disintegrations per mmute (dpm)/c& and 
direct beta-gamma dose rates were as high as 2.3 millirad (mrad)/hr: 

Elevated surface measurements were also found in Building A-l in numerous regions 
(especially in Rooms 3, 4, 4A, and 6),. on the floors, walls, and overhead and equipment 
surfaces. Elevated measurements found on the roof were largely associated with the presence 
of loose dirt in scattered regions. 

In the Alfa Building, elevated gamma exposure rates were found in association with 
thorium crystals and thorium-processing equipment not related to DOE/MED-related activities. 
Directly me&u& alpha and beta-gamma levels were elevated in the drti and drain troughs 
in several regions. 

Surface measurements taken in Buildings B-l, B-2, B-3, C-l, C-2, C-3, C-4, and D were 
not elevated. Elevated gamma levels discovered in areas of the basements of Buildings B-l, 
B-2, and C-l suggested the presence ‘of radioactive materials beneath the floors. Radionuclide 
analysis of soil samples taken from holes drilled into the substrata confirmed that assumption. 
No evidence of. the presence of radioactive residuals was found inside or beneath the storage 
building or the warehouse. 

4.6 OPF’SITE PROPERTIES 

During May 1991, DOE performed a radiological investigation of the residential housing 
area adjacent to the Ventron site. This radiological investigation included radiological surveys 
of approximately 24 offsite residential and municipal properties and included surface gamma 

1 scans, beta-gamma scans, of paved areas, and the collection of soil samples for radionuclide 
analyses. The objective of the surveys was to determine whether or not radioactive constituents 
from the Ventron site had migrated offsite to neighboring areas, and, if so, to what extent. 
Based on the survey data, no detectable radiological constituents had migrated into the vicinity 
properties and no further investigation was warranted (ORNL 1992a through 1992s). 
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I Figure 4-l.. Locations of Elevated Gknma Exposure Rate Measurements 
Outdoors at the Ventron Site (1982 ORNL Sampling Event) 

FuSo92Pll my5 ’ . 

E 704950 

‘. 

E 764900 

E76485Q 

E 76475Q 

E 764700 

E784450 

E764400 



138005 

2 8 G 8 R 8 3 iz E -2 3 is 5 
f 8 8 8 ii ii 53 5i 

z z z z z = Z ,$ 

E 764950 

E 764900 

E764850 

E 764800 

E 764750 

E 764550 

E764500 

E 764450 

E764400 

E 764350 

Figure 4-2. Locations of Surface Soil Samples 
(1982 OIWL Sampling Event) 
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Figure 4-3. Locations sf Surface Soil Samples with Concentrations of Ra-226 or Th-232 
> 5 pCi/g or U-238 > 50 pCi/g (1982. ORNL Sampling Event) 
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Figure 4-5. Locations of Subsurface Samples with Cckentrations of Ra-226 or Th-232 
> 15 pCi/g or U-238 > 50 pCi/g (1982 ORNL Sampling Event) 
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F’igure 4-6. Locations of Soil, Sediment, and Lobster Samples at Beverly Harbor 
(1991 ORNL Sampling Event) 
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F’igure 4-7. Locations of Harbor Sediment Samples with Concentrations of 
Th-232 > 5 pCi/g or U-238 > 50 pCi/g (1991 ORNL Sampling Event) 
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Figure 4-8. Locatiqns of Storm Sewer Sediment Samples 
(1982 ORNL Sampling Event) 
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Table 4-1. Elevated Gamma Exposure Rate Measurements Outdoors 
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)’ :,, ,,’ )‘:‘,.,,,; ,:, ,.’ ,; :, :,,.:; :,:::::.: 

,, 
: ), ,),,)~ ,,f : :’ c, !, ‘I’;‘, ‘):,:, ,,,,..:, :: l’::,cammri,,Ewwe 

,,‘, : ,,:i, ;,,, .,.. .,,,. ..: ,,,, ,,’ ,:, .‘,‘, ,,I’ ‘i:R&t&t &&&‘: ” : “Rate at 1 ‘m 
~ca~o~,f”u&,Ji “’ .(@)” ,(jiR/h)b 

1 45 E 
2 .24 c 
3 24 E 

e 4 10 
5 24 E 
6 10 E 
7 20 e 
8 30-55 23 
9 . 24 6 

24 c 10 
11 30-150 e 
12 45 e 
13 24 E 
14 67 E 
lSd 300 61 
16’ 120-450 45 
17 45 c 
18 45 e 
19 76 E 
20 . 61 c 
21 73 e 
22 240 45 
23’ 91 c 
24; 24 e 

Beta-Gamma 
Dose Rate at 

Surface 
(mrad/h) 

c 
c 

0.04 
.e 
c 
E 
E 

0.5 
0.06 

c 
E 
c 
E 
E 

0.35 
5 
E 
c 
E 

e 
e 

0.45 
e 
c 

Estimated Area 
(m*) 

<O.l 
<O.l 
<O.l 
<O.l 
<O.l 
0.28 

e 

1.5 
co.1 

c 

‘1.9 
co.1 
0.28 
co.1 
9.3 

-1.9 
CO.1 
<O.l 
0.093 
0.093 
<O.l 
2.8 
2.8 

c 

’ 25” 61-300 30 0.6 1.6 

L Codes are shown on Figure 4-l in locations approximating grid points where anomalies were measured. 
’ Maximum gamma exposure rate measured during scan of grid block. 
; No measurement taken. 
I Maximum levels found in many spots within grid block. 
1 Maximum levels found in spotty regions next to building wall. 

i Measurement located south of fence. 
1 Average gamma exposure rate during scan of grid block. 
Source: Cottrell and Carrier 1988. 
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Table 4-2. Surface Soil Samples with Concentrations of 
Ra-226 or Th-232 >3 pCi/g*or U-238 > 50 pCi/g 

lide ~Cbncenttition jpCi/g) 

I U-23Sd 

Systematic Samples” 

S8 o-15 0.70 r 0.86 97 
517, o-15 1.1 6.1 5.4 

S18A O-15 0.88 23 2.9 
S18B 35-50 3.0 160 6.3 
s19 o-15 2.9 370 17 

Biased Samples’ 

Bl o-15 6 1,300 
B2 O-15 Cl 340 
B3 o-15 Cl 240 
B4 o-15 Cl Cl 
B5 o-is 0.91 20 
B6 _ o-15 ~= 1.7 2.1 
B7 o-15 2.0 390 
B8 o-15 : Cl 

B9A o-15 . 0.73 
3,900 
0.83 

1 Locations of soil samples are shown in Figure 4-3. 
’ D Indicated connting error is at the 95% confidexe level (f2u). 

: The error of the reported radionuckle concentration is f5 76 (95% confidence level), 
! Total analytical error of measurement results < f5 % (95% confidence level). 
’ Systematic samples are taken at grid locatkms irrespective of gamma exposure rates. 
i Biased samples are taken from areas shown to have elevated gamma exposure rates. 
Source: Cottrell and Carrier 1988. 

48 
120 
89 

7.7 
2oq 
24 
93 
57 
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Table 4-3. Subsurface Soil Samples with Concentrations of 
Ra-226 or Th-232 > 15 pCi/g or U-238 > 50 pCi/g 

‘,‘? ““’ :” ,:::,:,:;j:; ,,..:.:, .‘., ,::),.:I[:;;~ :v:: ,,>:.:;:. ,y,,: .:.. ,:, 7 .,, .:, ,,, :, ,‘.‘. ,,: ,‘k::‘:: :, ,,,,,,.: ,, ,,,,,,,: ::.:,,, y.,.:,,~.,,:: ,‘.‘,:::::,: ,,(. ,; :,,,, ,, .’ 
i;&;&j~e~ ,,,,,; ,; ,;, ,j 

,I;:, ,,: ..: :,.. 
,,:,:q ,,. :::,:,: ,,., ,. : ,; ’ ‘1 ‘Radionuclide Concentration @Ci/g) 

:.&&$i’,’ 
;,I ; ,,,,,,,:,:,.,: ‘:J$#,+ ,,,,,,.,.,.,,,, ,, :(:,:::, ,:F ::;,j:w .:.: 

,;I; ‘3A[ol$(m)’ “’ 
” ‘: ‘:‘ap& 

,,: ~ ,: :.(a) ,&~i-226~ Th-232’ u-238d 

8 3.2 0 - 30 0.87 0.85 60 

11 0.75 o- 15, 0.95 1.5 88 

15-45 <l <0.14 590 

45-60 <l 46 62,000 

60-75 <l 6.8 5,600 

12 ’ 0.51 . o- 15 30 0.82 45 

13 2.3 0 - 20 0.92 53 7.2 

14 3.05 o- 15 1.2 41 19 

15 0.50 o- 15 1.4 1.2 590 

18 1.6 8 - 18 Cl Cl 460 

18 30 cl- .~ - Cl 14,000 

45-60 co.11 co.08 210 

60-85 < 0.08 < 0.05 130 

85-105 0.72 0.90 57 

19 - 2.2 10 - 35 Cl <l 71,000 

35-55 Cl Cl 4,200 

55-75 4.4 2.0 290 

75-95 3.5 2.2 150 

95-120 5.6 1.8 1,500 

120-145 2.7 1.2 . 72 

145-180 . 37 CO.23 940 

180-215 0.37 < 0.26 850 

20 1.6 15 - 30 2.7 Cl 1,~ 

30-45 4.7 1.4 170 
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Table 4-3 (contithed) 

:: .; ::: i.‘. ‘.‘. : (,, ‘.’ ‘,““.. :.:\:::,,.:::,::,.:,,,:,,~,: :.:.:.:::,.‘.~~> ,:.:., ..:::, :” ,‘:,,‘,,,,, ., .:: :.: ,., : ,,: : : ..:: :::‘!;:: ~:c’:‘$yg:;:: ~...s:: ‘::.;.c?: . . . . . >: ,‘,i:.:,:,:; .:.: ::,;,. y .:,... ..,_, ,;:,.. .:.. ,. .,.,_,.,.,. .:: ,,:,:, ; ,. . 
‘7 :,:.‘y.:“:::. ‘>.:.>::....>::: 

.:.:;:‘:‘:;‘:f-: :... .,...,. ,,,, ,,, : :,: :,: 
: .,.,.,.(.,.,. (..,. 

.,. . . : ,+:.:, ,‘...;.‘.. . . . . . _,,, ,::::_: : .::,. ,_. : 
‘,‘...... _./ ::,...:x:,:.: ,,(..,. :.F... .,.:: :y <; ,+>~:y,‘: ,:y;:: yh : 

,,,,,,,,,,.,.,~,, ,,\ .,, ,, ,.,. :: Radionuciide Chcentration (&iigj 

21 0.61 8 - 25 1.2 1.2 440 

25-45 a’84 1.8 76 

22 0.3 8 - 30 1.2 0.97 90 

24 2.1 8-35 Cl <l 540 

. 35-65 2.0 2.2 1,400 

65-85 0.66 0.74 ,110 

85-110 . 1.5 1.7 82 

110-135 3.0 3.1 56 

25 2.2 15 - 30 < 0.08 0.98 54 

85 - 110 0.70 Cl 460 

110 - 135 2.3 2.3 150 

135 - 155 1.3 1.2 . 130 

155 - 180 3.4 3.1 940 

180 - 195 0.75 p.64 810 

195 - 215 0.62 0.79 130 

26 - 2.5 130 - 150 2.2 2.5 72 

150 - 175 ’ 2.1 2.2 65 

* Locations shown on Figm 4-5. 
b Indicated counting error is at the 95% eotidence level (3~24. 
c The error of the repoti radionuclide concentrationis f5% (95 % confIdeme level). 
d The total analytical error is < f5% (95% cotidence level). 
Source: Cottre~-and Carrier 1988. 

- -- 
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Table 4-4. Harbor Sediment Sampks with Concentrations of 
lb-232 > 5 pCi/g or U-238 > 50 pCi/g 

Biased Samples’ 

BlA o-15 0.77 0.67 . . 4,600 

BlAM o-15 < 27d < 42d 210,000 

B3A o-15 0.71 1.4 2m3 

B3B 15-30 0.74 co.7 194.00 

B3C* O-10 c1.1’ c 1.7 22,m 

B4A o-15 1.2 9.9 3,000 

B4B 15-30 1.6 27 5,500 

B5A o-15 1.2 21 230 

B5b 15-30 0.83 7.7 130 

B6A o-15 1.2 1.8 2,~ 

B6B 15-30 0.56 1.2 160 

B7A o-15 0.63 14 32 

B8A o-15 0.46 0.78 620 , 

B8B 15-30 0.70 0.69 640 

B8C 30-45 0.50 0.71 160 

a Locations of soil samples are shown on Figure 4-7. 
b Indicated counting error is at the 95% confidence level (& 20). 
’ Biased samples are taken from areas with elevated gamma exposure rates. 
d Higher detection limits for Ra-226 and Th-232 could have been due to a smaller sample size or higher 

background readings due to the higher levels of U-238. 
* Sample B3C wa$ taken - 1.5 ft east of the B3A (O-15 cm) sample hole. surface contamination was monitored 

with the gamma scintillator mitil primary contaminant was found. 
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Table 4-5. Concentration of Radiocuclides in Storm Sewer Sediment Samples 

‘3Wlionuclide Come&ration ~@Cilg) 
:;:, ‘1 .,;:. ” ‘Thin2b ‘. _, u-2& 

ws2 0 + 10, 1OR 100 <l 1.5 
ws3 1+00,6R 13 0.9 25 
ws4 1 + 80, 6R 7.4 , 21 1.2 

a Sample locations are shown on FigUre 4-8. 
b Indicated counting error is at the 95 % confidence level (zk20). 
c To&al analytical error of measurement results is < f 5 96 (95 % Tonfidence level). 
Source: Cottrell and Carrier 1988. 

I  
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5. 1992 CHARACTERIZATION ACTIVITIES 

5.1 METHODOLOGY 

This section provides an overview of the sampling methodology used for DOE’s 1992 
characterization of the Ventron site. The 1992 characterization effort was built upon the data 
collected during the 1988 and 1991 ORNL sampling and surveys of the Ventron site. The 1992 
characterization was performed in accordance with the Ventron Characterization Plan (DOE 
1992). 

The targeted media for sampling and analysis were the site structures and contents, 
vadose and saturated soil zones, harbor surface water/sediment, sewer line sediment, and mussel 
beds located in the intertidal zone. Groundwater was not included as part of this investigation. 
The Ventron site is listed with the state Superfund program and groundwater is being 

. . characterized by the site owners under the auspices of those regulations. Currently, DOE has 
no responsibility to me state regulatory agency regarding this Superfimd listing, as the state 
Superfund listing is a result of non-MED-related activities. Morton is currently remediating the 
site for non-MED-related constituents (e.g., mineral oil, mercury), in accordance with the MGL, 
Chapter 21E. 

The parameters selected for analyses during the 1992 characterizatiori were btied on the 
known MED-related activities at the Ventron site. The primary MED-related activity consisted 
of processing uranium. Chemical processes conducted at the facility may have generated metal 
salts and tiid byproducts. Therefore, the soil and sediment samples collected during this 
characterization were analyzed for selected radionuclides and chemical compounds to reduce or 
elm&ate-data tid knowledge deficits in a manner consistent with the SAFER approach. The 
categories of analytical parameters included in the 1992 characterization effort, along with the 
rationale for their selection, are Wed below: 

l 

a 

a 

l 

Fuso92P/12299s 

Radionuclides (U-238, 7%230, 7%232, and Ra-226). Uranium oxide was 
processed at the Ventron site for the MED-related activities. Uranium ore and 
thorium were processed at the site for non-MED activities. Elevated levels of 
U-238, Th-232, and Ra-226 were detected at the site during the 1988 and 1991 
O&NL sampling efforts. 

Resource Conservation and Recovery Act (RCXA) characteristics (corrosivity, 
ignitability, reactivity, and toxicity). Hazardous chemicals were used at the site 
for non-MED-related activities and may be commingled with MED-related waste. 

Total me&k. Current process knowledge indicates the potential for residual 
metals. 

Polychlorinuted biphenyls (PCBs). Oils have been used at the site. 
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l Totalpetroleum hydrocarbons (TPHs). Oils have been used at’ the site. TPH is 
a generic screening analysis that can identify the presence of organic constituents 
that may be associated with the oils. 

0 Base/neutral and acid extractable organic compounds (BNAEs). If organic 
constituents are identified by the TPH analysis, the BNAE compotinds will be 
analyzed to identify and quantify specific organic,constituents. 

Table 5-l presents the individual analytical parameters included in the above categories. 

Section 5.2 describes the preliminary activities conducted to support the character,ization 
effort. Sections 5.3 and 5.4 describe the technical approach used to fulfill the data requirements, 
and the results obtained during the 1992 characterization effort. 

5.2 PRELIMINARY CHARACTERIZATION ACTIVITIES 

5.2.1 Site Civil Survey 

A subcontracted licensed surveyor established a site grid network using 10-m (33-ft) 
centers apd installed hub markers at node points. Each marker was clearly labeled with grid 
coordinates that tied into the state coordinate system. In addition, a site map was provided that 
showed property boundaries, site grids, grid point elevations *(mean’ sea level), buildings, and 
obstructions that could effect the characterization study. The information generated from the site 
civil survey is used in the figures throughout this report. 

. .5.2.2 Radiological and Chemical Background Data Collection 

Backgrouid levels were established for radioisotopes and chemical constituents in soil, 
surface water, and sediment samples. Background/control samples were collected from 
undisturbed, non-industrialized areas such as parks. Three soil borings (SB-lA, SB-lB, and 
SB;lC) were installed at the Greenhill Playground, Tuck Point Playground, and the Prospect Hill 
Athletic Field, which were expected to be uneffected by activities conducted at the Ventron site. 
Approximate background sampling locations are shown in Figure 5- 1. Surface soil samples were 
collected at each of the three locations, SB-lA, SB-lB, and SB-1C. The samples collected at 
SB-1A and SB-1B were submitted for radiological and chemical analysis. At SB-lC, a stainless 
steel hand auger, shown in Figure 5-2, was used to advance the boring to 3 m (10 ft). At 
SB-lC, samples for rAdiological analyses were collected at 0 to 15 cm (0 to 0.5 ft), 90 to 
120 cm (3 to 4 f’t), and 3 m (10 ft) below l,and surface @Is) and a sample for chemical analysis 
waS composited from 0 to 120 cm (0 to 4 ft). Sample identifications, locations, tid analyses _ 
performed are shotin in Table 5-2. The analytical ‘results for these background samples are 
shown in Appendix B-l. A walkover gamma scan of the immediate area of soil borings SB-lA, 
SB-lB, and SB-1C was also performed to establish an average background radiation level for 
the Beverly area. The scan was performed using a sodium iodide, thallium-[NaI(Tl)-Iactivated 
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unshielded ‘gamma scintillation detector. The background determined was 9.0 @/hr with a 
range of 8.9 to 9.2 @/hr. 

Background surface water samples were obtained from both the Danvers River (location 
SW-l) and the Bass River (location SW-2): The surface water samples were collected using a 
bottom filling bailer and analyzed for radiological parameters. Background sediment samples 
,(SD-1 and SD-2) were collected at each surface water sampling location (SW-l and SW-2) using 
a Ponar-type sampler. The sampling interval was approximately 0 to 30 cm (0 to 1 ft). 
Sediment samples were analyzed for both chemical and radiological parameters. In addition, 
the field sampling ,team located a mussel bed upstream of the Ventron site and collected one 

. composite background sample for radiological parameters analysis. The analytical results for 
the harbor surface water, harbor sediment, and mussel samples are shown in Appendix B-2, and 
Tables 5-10 and 5-12, respectively. 

Background samples were collected in accordance with the procedures and methods 
outlined in Test Meth&r for Evaluating Solid W’e, SW-846 (EPA 1986), A Compendium of 
‘Superjbnd Field Operatitm &fethods (EPA 1987), and the Ventron Characterizatim Plan (DOE 
1992). . 

5.2.3 Previous Gamma Survey Verification 

Gamma exposure-rate measurements were taken indoors and outdoors to determine if 
measurements obtained during previous surveys were representative. Outdoor measurements 
were taken at the approximate ‘locations of previous surveys. Up to four gamma exposure rate 
measurements were taken from the A, B, and CBuildings and Building F where access could 
be obtained. Interior measurement points were located in the rooms of these buildings which 
previously exhibited elevated exposure rates (Cottrell and Carrier 1988). 

Measurements were taken 1 m (3 ft) above the ground using either a NaI(Tl) gamma 
scintillation detector (designed to detect gamma radiation only) or a pressurized ionization 
chamber (PIG). The PIC response to gamma radiation is proportional to exposure in roentgens. 
All survey procedures were performed in accordance with Therm0 Analytical/Eberline (TMA/E) 
procedures (TMA/E 1988). 

Data from outdoor and indoor measurements from the site were compared with data 
obtained during previous surveys to determine if locations sampled were representative of the 
property; 

5.3 1992 CHARACTERIZATION METHODS’ 

5.3.1 ‘Walkover Gamma Survey 

In order to determine the extent and magnitude of elevated radioactivity, a near&face 
walkover gamma survey was performed on all accessible outside areas of the site. The scan was 

FuSO92P1122995 

L 

5-3, 



performed using a NaI(T1) unshielded gamma scintillation detector and a field instrument for 
detecting low-energy radiation (FIDLER) that identified areas of elevated gamma&emitting 
radionuclide activity. 

For surface gamma scanning measurements using portable instrumentation (NaI 
detectorlratemeter combination), twice the background count rate was used ,as a screening 
measurement to help focus the radiation survey on areas most likely to contain elevated levels. 
Twice the background count rate is often used as a field screening level; at this level, there is 
‘a high probability that the count rate is due to the presence of radioactivity greater than 
background levels, and not statistical fluctuations of the instrument. Areas with gamma count 
rates greater than twice the background level are selected for further sampling and/or more 
detailed measurements. Areas that show gamma count rates less than twice the background level 
are considered unlikely to contain radioactivity levels greater than the remediation guidelines 
shown in Table 3-1, and were not investigated further. The results from the, surveys are 
presented in Appendix C. 

, 

Areas where the detector registered levels in excess of twice the established background 
level for the Beverly area were resurveyed with a cone-shielded gamma scintillation detector 
(SPA-3) held 30.4 cm (12 in.) above the ground. The cone-shielded detector primarily measures 
radiation originating from the ground directly beneath the unit. 

Results that are greater than twice background should be considered as potentially 
containing elevated radioactivity, while results that are several times background should be 
considered as likely areas for remediation. 

5.3.i Site Soils 

Soil samples for radiological analysis were collected to investigate the impact from 
potential source areas and other areas suspected of containing elevated levels of radioactivity 
identified by previous ORNL surveys. Figure 5-3 presents locations where surface and 
subsurface soil samples were collected. Soils around and beneath Buildings A-l, C-2, C-3, C-4, 
the Alfa Building, the former machine shop, and Building F (former foundry location) were 
investigated. Soils around Building C-l were also investigated. Soils beneath Buildings B-l, 
B-2, B-3, and C-l were previously shown to contain elevated levels of radioactivity and it was 
determined that no further characterization would be conducted in these areas until remedial 
action is implemented. Loading-areas investigated include one area on the west side and one 
area on the north side of Building A- 1.’ Another area between the B Buildings and Building F 
in the vicinity of the former barge pier was also investigated. Other potential source areas 
sampled included the existing and former above-ground chemical storage tank locations. 

Soil samples from all locations ‘were analyzed for U-238, Ra-226, and Th-230. Most 
were also analyzed for Th-232. Samples for radionuclide analysis were collected at 
approximately 15-cm (0.5-i?) intervals for surface samples, and at approximately 30-cm (1-Q 
intervals for subsurface samples. The soil samples taken for chemical analyses designated in 
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Figure 5-3 were analyzed for RCRA characteristics, tptal metals, PCBs, and TPHs. Samples 
containing TPH greater than 1,000 ppm were also analyzed for BNAE compounds. Because of 
the large sample volume required for chemical analysis, the samples collected for chemical 
constituents were cornposited over 0 to 120 cfn (0 to 4 Et) in depth. 

. 

Where possible, samples complied with the intervals described in the characterization . 
pIan (DOE 1992) and the intervals of ‘highest activity as determined by gamma log were 
analyzed. Soil sample identification codes, locations, and analyses performed are listed in 
Table 5-2. 1 

The soil borings for subsurface samples (with the exception of SB- 1 A, SB-lB, SB-1 C, 
SB-13, SB-14, SB-15, SB-16, SB-18, SB-24, and SB-26) were installed using a hollow stem 
auger. Each soil boring was continuously sampled using a split-spoon method to bedrock 
refusal. Subsequently, downhole gamma radiation measurements’were recorded by lowering the 
gamma scintillation detector into the borehole with 60-second Fquiyalent readings being collected 
at. Kcm (6-in.) intervals. 

The soil samples collected from the btikground lo&ions (SB-lA, SB-lB, and SB-IC) 
were collected using a stainless steel hand auger. 

The soil samples beneath Building A-l (SB-13, SB-14, $B-15, and SB-16) were collected 
using a stainless Steel hand auger after an access borehole was made in the concrete floor. 
These samples drilled through the floor of Building A-l are not shown on Figure 5-3 as no 
sample coordinates are available for these locations. 
Building A-l, was sampled using a tripod drill rig. 

Soil boring 18 (SB-18), north of 

The soil borings beneath Buildings C-2 and C-4 (SB-24 and SB-26)required directional 
drilling techniques. These borings were continuously sampled, however, only three sampies 
were analyzed. -A soil sample was collected as close as possible to the bottom of the building 
floor, and another sample was collected near the bedrock surface (as estimated in the field based 
on the depth of other soil borings). 

Although ! few of the boreholes failed to penetrate the fill, ‘mpst were drilled to granitic 
diorite or diorite bedrock. Only a few passed through glacial till or silty sands and gravels 
overlying the diorite. 

53.3 Harbor Surface Water/Sediment and Biological Samples 

Harbor sediment samples were collected to f&her define w areas ~ev&sJ~ 
identified by the ORNL sediment sampling of Beverly Harbor (ORPTL 1991). Three sediment 
samples were collected in shallow water on the south side of the facility but beyond the 504 
zone sampled by ORNL in 1991. Sample SD-3 was c&ected from the Danvers River east of 
Building F. ’ Sample SD-4 was collected from the Danvers River south of Building B-2, and 
Sample SD-5 was collected from the Bass River west of Building C-l. The sampling interval 
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was 0 to 30 cm (0 to 1 ft). AI1 sediment samples were analyzed for bo,th radiological and 
chemical content. 

Surface water samples were collected from the same locations as the sediment samples. 
Harbor surface water samples were-analyzed ,for radiological parameters. Half of ea!h surface 
water sample was filtered before preservation. Both the filtered and unfiltered samples were 
analyzed to evaluate particulate and solute transport pathways and solubility of applicable. 
particulate matter. 

Harbor surface water was sampled using a bottom filling bailer that provided a vertically 
representative sample. Harbor sediment samples ‘were collected with a clam shell sediment 
sampler (Ponar-type). _ 

Composite samples (AS-2 and AS-3) were collected from two of the mussel beds in the 
intertidal zone near the south side of the site. A background samples (AS-l) was also collected 
west of the site up the river. Four mussels were collected from each bed and cornposited in the 
laboratory. In Figure 5-4, a technician stands at one of the.sampling locations. These samples 
were analyzed for radiological content. 

Harbor surface water/sediment and biological sample locations and analytical parameters 
are presented in Table 5-2. The sample locations are not shown in Figure 5-3 as no sample 
coordinates are available for these locations. 

5.3.4 Sewer Line Sediment 

Samples of scale, dirt, sludge, and sediment were collected from the four manhole inlets 
in the sewer line between the A and B Buildings (Figure 5-5). These samples were analyzed for 
radiological content. In addition, a scale sample (DSl) was collected from a drain in the 
basement of Alfa Building, which in previous studies showed elevated gamma activity. 
However, this sample, suspected to have contained sodium metal, reportedly reacted before 
analysis could be performed. Verbal communication from an onsite person indicated that sodium’ 
metal, which reacts violently with water, was evident in the room. 

5.3.5 Structures and Equipment 

In order to determine the general extent of fixed and/or removable MED-related residual 
radioactive material within site structures, limited radiological surveys were performed. Five 
building groups, previously identified as containing residual radioactive .material, (Figure 2-2) 
underwent limited radiological surveys. The surveyed areas of the buildings are identified - 
.below . 

a A Buildings 

0 B Buildings (Basement surfaces only) 
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l C Buildings (Basement surfaces only) 

l F Building (Basement surfaces only) 

l Alfa Building (Rooms 2 and 6 only) 

Walkover gamma scans (for beta-gamma radiation) and accessible surface surveys were 
performed at the offsite Ventron office buildings (see Section 5.3 .‘7). The survey methods 
discussed below were used in all of the Ventron buildings. 

Floors and Walls 

The accessible floor areas .of each building to be surveyed were marked on a 3-m (104%) 
grid. Subsequently, an alpha floor monitor was used to measure detectable alpha radiation levels 
across the floor. Figures 5-6 and 5-7 show a floor monitor and gamma scan being conducted . 
in Building A. Alpha and beta-gamma measurements were obtained from the lower walls. 
Measurements were taken at each 3-m (104%) grid intersection using hand-held alpha and 
beta-gamma detectors. Direct alpha measurements were taken using an Eberline model AC-3 
detector coupled to an Eberline model PRS-1 scaler (or equivalent). Direct beta-gamma 
measurements were taken using an Eberline model HP-210 detector coupled to an Eberline 
model PRS-1 scaler. Access to the upper wall areas was limited mainly by the fact that the 
manufacturing equipment, ductwork,. and HVAC equipment were in place at the time of the 
survey. All survey work was performed by working on ladders because manlifts and scaffolding 
could not be used. This limited the areas that could be reached by the technicians in a safe 
manner. Therefore, lower wall surfaces received a more thorough examination than upper wall 
surfaces. 

Removable residual radioactivity. on surfaces was identified by collecting lOO&$ 
(15.5~in.9 smear samples from the floor and wall areas exhibiting activity levels that exceeded 
radiological guidelines. Smear samples were placed in a light-tight smear holder and counted 
using an Eberline model SAC-4 alpha scintillation detector. Surveying was also conducted on 
.horixontal surfaces, such as window ledges, stairs, and floors where dust and dirt buildup was 
observed. 

Surface areas containing elevated radioactivity levels were. marked on a drawing of the 
building interior rather than on the building itself. 

Overhead Sqfiies 

Direct alpha and beta-gamma measurements were obtained at 3-m (104%) grid 
intersections on the ceilings. Measurements were performed using the same procedures and 
instruments as previously described. Horizontal surfaces and suspect overhead areas were 
surveyed for fmed and removable residual radioactive material. Smear samples were obtained 
from those areas exceeding radiological fixed guidelines. 
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Equipment 

The results of previous radiological surveys indicated measurable amounts of radioactive 
material on some equipment within the A Buildings (Cottrell and Cakier 1988). Equipment 
areas inside these buildings were surveyed for removable and fixed residual radioactive material. 
Emphasis was placed on surveying horizontal equipment surfaces only; no internal equipment 
areas were surveyed. Fixed levels were determined with hand-held alpha and beta-gamma 
detectors as previously described. Removable residual radioactive material on surface areas was 
identified by collecting lOO-cm2 (15.5-in2) smear samples from those areas of the equipment 
which exceeded fixed radiological guidelines. 

5.3.6 Building A Ash Pile 

The ash piles beneath the furnaces in Building A were sampled using a stainless steel soil 
probe. Composite samples @VP-l and WP-2) were collected to represent the stratified nature 
of the piles. The composite samples were homogenized in stainless steel mixing bowls prior to 
containerization. Both samples were analyzed for chemical and radiological content. The 
approximate sample locations are shown in Figure 5-3. 

5.3.7 Offsite Properties I 

Two former houses located at 11 and 15 Congress Street, across the street from the plant, 
were used as office buildings for past operations. These buildings were surveyed for fixed and 
removable residual radioactive material using the methods described in Section 5.3.5. 

5.4 CFIARACTERIZATION RESUL’l% 

Results from the DOE 1992 characterization effort are presented below. 

5.4.1 Site Soils 

5.4.1.1 Surface Soils 

The analytical and isotopic results for the surface soil samples are shown in Tables 5-3 
through 5-9, Appendix B-3, and Appendix B-4. 

Of the 21 surface soil samples, eight contained concentrations of Th-230 or Th-232 
greater than 5 pCi/g and four contained concentrations of U-238 greater than 50 pCi/g. The 
locations of these samples are shown on Figure 5-8 and the radionuclide concentrations are 
shown on Table 5-10. No concentrations of Ra-226 greater than 5 .pCi/g were detected in the 
surface soil samples. The maximum concentrations of Th-232 (399 pCi/g) and U-238 
(412 pCi/g) were found in SS-32, south of Building C-l, Surfa& sample SB-5 with Th-232 of 
16.7 pdilg registered a maximum of 39,300 cpm on the gamma log and was described as silty 
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loam on the geologic log. The surface sample of SB-28 which contained a concentration of 
Th-232 of 10.9 pCi/g registered a gamma log value of ‘65,400 cpm and is described on the 
geologic log as silty sand fill with a trace of ash and some graveland brick. Consistent with 
the 1988 ORNL sampling, the surface soils containing elevated Th-230 or Th-232 and U-238 
concentrations are iocated primarily in the southwest corner of the site, south and southwest of 
Building C-l, and in the southeast corner of the site, south of the Alfa Building. 

. 
Chemical analyses of the surface soil for sample SB-6, which is near the former location 

of a ‘chemical storage tank, show all elements within the range of the background samples, 
except nickel which was slightly more than four times background and zinc which was less than 
twice background. At this location, aroclor-1254 was the only PCB detected, although the 
concentration was below federal standards. No pesticides were detected and no TCLP criteria 
were exceeded for any hazardous constituent (see Appendix B-4). 

Chemical analyses done on the surface soil sample from SB-17 (see Figure 5-3) in the 
vicinity of the northwestern loading dock detected no pesticides or PCBs, and no TCLP 
guidelines were exceeded. The inorganic analyses showed calcium, copper, nickel,and zinc to 
exceed background by ‘more than a factor of two (Appendix B-4). 

A surface sample taken at SB-10 (Appendix B-4) revealed no inorganic results greater 
than twice background, no pesticides or PCBs detected, and no TCLP’ parameters above 

. guidelines. 

The surface sample of SB-22 (Figure 5-8) failed TCLP limits for lead (6.36 mg/L versus 
the 5.0 mg/L criteria). 

Inorganic analysis of the surface sample from SB-9 (Appendix B-4) indicated all 
analytical results for selected parameters were within background concentrations. In addition, 
no pesticides or PCBs’ were detected, no TCLP guidelines were exceeded, and a very low TPH 
reading was obtained from the sample (8 mg/kg). 

5.4.1.2 Sub&ace Soils 

The analytical and isotopic results for the subsurface soil samples are shown in 
Tables 5-3 through 5-9 and in Appendices B-4, B-5, B-6, D-l, and D-2. 

Of the 29 borehole locations sampled, one location (SB-14) contained concentrations of 
Th-230 greater than 15 pCi/g and U-238 greater than 50 pCi/g, and two other locatioti (SB-22 
and SB-24) contained concentrations of U-238 greater than 50 pCi/g. The locations of these 
samples are shown in Figure 5-9 with the radionuclide concentrations depicted on Table 5-l 1. 
Concentrations of h-226 or Th-232 greater than 15 pCi/g were not detected in any of the 
subsurface samples. Th-230 and U-238 were detected in one of the four boreholes through the 
floor of Building A-l at a depth of 0.5 ft below the slab with concentrations of 44.5 and ’ 
190.0 pCi/g, respectively (SB-14). Borehole SB-24, Which was drilled at a 22 degree angle 
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beneath Building C-2, contained two subsurface intervals with U-238 greater than 50 pCi/g. ‘The 
intervals with elevated readings were at 8 to 9 ft and 10 to 11 ft measured along the length of 
the borehole, which corresponds to true vertical depths of3 to 3.25 and 3.75 to 4.0 ft bls. The 
geologic log describes the upper interval as coal-and ash and the lower interval as silty sand with 
a trace of gravel and coal. U-238 was also detected at a concentration of 60.9 pCi/g at a depth 
of 2 fi to the south of Building C-l (SB-22). 

Chemical analyses were done on sample SB-15, which is one of thesoil borings through 
the floor of Building Arl. The results (Appendix B-6) show all parameter concentrations to be 
below guidelines. Although TPH was high at 1,400 milligrams (mg)/kilogram (kg), only 
2-methylnapthalene, naphthalene, and phenanthrene were positively identified among, the semi- 
volatile organic compounds (SVOC). No pesticides or PCBs were identified. TCLP analyses 
showed no values above guidelines. 

5.4.2 Harbor Surface Water/Sediment and Biological Samples 

Surface’ water samples were taken at the same locations as the harbor sediment samples. 

One unfiltered water sample contained 10.6 pCi/liter (L) of Ra-226, ‘which is slightly greater 
than the drinking water maximum concentration level of 5 pCi/L for Ra-226 and Ra-228 
combined (Appendix B-2). The filtered sample contained 0.41 pCi/L of Ra-226. 

Harbor sediment samples were taken south of Building B-2, east of Building F, and west 
of Building C-l. None of the samples showed Ra-226 or Th-232 greater than 5 pCi/g or U-238 
greater than 50 pCi/g (Table 5-12 and Appendix B-7). 

Three mussel samples were taken from the tidal flat areas adjacent to the site and 
compared to a background mussel sample. Average activity levels were 1.8 pCi/g for Ra-226,~ 
2.3 pCi/g for Th-232, and 6.2 pCi/g for U-238 (Table 5-13 and Appendix B-8). No samples 
showed evidence of radionuclide concentrations greater than the background concentrations. 

1 5.4.3 Sewer Line Sikiiment 

Sewer line sediment samples were taken from the sewer running between the A and B 
Buildings. None of these samples showed Ra-226 or Th-232 greater than 5 pCi/g or U-238 
greater than 50 pCi/g (Table 5-14 and Appendix B-7). 

5.4.4 Structures and Equipment 

Radon and Gamma Exposure Rate Surveys 

Gamma exposure rate measurements ranged from 10 to 32.3 pR/hr (Table 5-15). Only 
one mehrement, 32.3 $Vhr in the basement-of Building B-2, exceeded twice the average site 
background of 14.5 pR/hr. Measured radon concentrations for indoor air ranged from 0.01 to 
4.34 pCi/L (Table 5-16). Only one measurement, 4.34 pCi/L in the Alfa Building, marginally 
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exceeded the guideline of 4 pCi/L established by EPA for continuous exposure. No employees 
are permanently stationed in the Alpha Building; it is used. primarily for storage. Since no 
elevated concentrations of Ra-226 were observed in the soils in the vicinity of the Alfa Building, 
the indoor radon concentrations cannot be attributed to elevated levels of radioactivity in the 4 
soils. 

Only two measurements in Building A exceeded the residual alpha guideline of 
5,000 dpm/lOO cm2. The buildings on site have no removable residual radioactive material 
above the DOE uranium guidelines, (i.e., only fxed beta-gamma levels exceeded guidelines). 

. 

A summary of the measurements taken in the individual buildings is shown in Table 5-17 
and discussed below. 

Building A 

Building A contains residual radioactive material on the first floor level on all surfaces: .- 
floors, walls, overhead surfaces, and horizontal equipment surfaces. The basement level of 
Building A also has residual radioactivity on the walls and horizontal equipment surfaces. 

Residual radioactive material on the first floor level of Building A has a maximum 
activity of 36,810 dpm/lOO cm2 beta-gamma at the southernmost end of Room 30 west of the 
fan pit. See Figures 5-10 and 5-l 1 for applicable floor and wall survey lo&ions. 

The walls of the first floor of Building A also contain some localized residual radioactive 
material. Rooms 9, 13, 19, 20, 27, 28, 29 and 30 show activity ranging from 3;960 f 1,100 
dpm/lOO cm2 to 77,880 f 3,600 dpm/lOO cm2 beta-gamma. The highest activity outside of the 
fan pit (Room 29) is 17,310 f 1,870 dpm/lOO cm2 beta-gamma in Room 19. L a 

Horizontal surfaces on equipment in Rooms 20, 26 through 30,33, and 34 from 4,070 
f 1,070 dpm/lOO cm2 beta-gamma on a well in Room 30 to 87,810 f 3,880 dpm/lOO cm2 beta- 
gamma on a window sill in Room 30. Rooms 1 through 18 have no horizontal equipment 
surfaces and the remainder of the rooms (21-25, 31, 32, 35-37) have no elevated levels of 
radioactivity on these surfaces. Figure 5-12 shows applicable survey locations of horizontal 
equipment surfaces in Building A. 

A few of the overhead ‘surfaces in Rooms 19, 20 28, 29, and 30 of the first floor of 
Building A have surface activity levels that range from 4,400 f 790 clpm/lOO cm2 beta-gamma 
on an I-beam in Room 20 to 62,040 f 2,540 dpm/lOO cm2 beta-gamma on a wooden cross-beam 
in the same room. Figure 5-13 shows locations of applicable overhead surfaces in Building A. 

The basement of Building A also has localized areas of residual radioactive material on 
the walls and horizontal equipment surfaces,. In Room 3 of the basement, there are eight areas 
on the walls ranging from 4,320 f 1,060 dpm/lOO cm2 beta-gamma to 27,940 f 2,220 
dpm/lOO cm2 beta-gamma. The other two rooms of the basement had only one wall area each 
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exceeding radiological guidelines. Room 2 had a reading of 25,930 + 2,140 dpm/lOO cm2 beta- 

’ gamma while Room 1 had a lower reading of 9;930 It 1,,410 dpm/lOO cm2 beta-gamma. 
Horizontal equipment surfaces in the three basement rooms had a total of six spots of localized * 
residual radioactivity. Three spots were in Room 1 ranging from 16,960 f 1,390 dpm/ 100 cm2 - 
to 69,180 rt 2,700 dpm/lOO cm2 beta-gamma. Two surfaces in Room 2 (15,980 f 1,350 
dpm/lOO cm2 and 45,850 f 2,220 dpm/iOO cm2) and only one surface ‘(14,770 f 1,310 
dpm/lOO cm2) in Room 3 had elevated readings (measurements). Figure 5-14 shows applicable 
locations of wall and horizontal equipment surfaces in the basement of Building A. Walkover 
gamma scans for both Building A and its basement are in Appendix E. 

Building A-l . 

Building A- 1 has elevated levels of radioactivity on floors, walls, overhead surfaces, and 
horizontal equipment surfaces. Rooms 4, 5, 6, 7, and 10, as well as basement Rooms 1 and 2, 
have residual radioactivity on the floor ranging from 4,270 f 780 dpm/lOO cm2 beta-gamma 
in Room 7 to 35,500 f 1,940 dpm/lOO cm2 beta-gamma in Room 4 (Figure 5-15). 

The horizontal equipment surfaces in Rooms 4, 6, 7, 10, and basement Rooms 1, 2, 
and 4 have elevated levels of radioactivity ranging from 7,720 f 980 dpm/lOO cm’ beta-gamma 
in Room 4 to 78,340 f 2,850 dpmJlO0 cm2 beta-gamma in Room 6 (Figure 5-16). A pipe in 
Room 3 (5,400 f 990 dpm/lOO cm2) and a pressure line in Room 4 (11;080 f 1,310 dpm/ 
100 cm2) are the only overhead surfaces in Building A-l with elevated readings. 

Walls in rooms 1, 2, 5, 6, 7, 10 and basement Rooms 1 and 4 show elevated levels of 
residual radioactivity ranging from 3,960 f 1,100 dpm/lOO cm2 to 307,230 f 7,280 dpm/ 
100 cm2 beta-gamma (Room 7, west wall). All of the levels of radioactivity are less than 

.15;ooO dpm/lOO cm2 beta-gamma (Figure 5-17) except for Room 7, one location in Room 10, 
and one in basement Room 1. Walkover gamma scans for Building A-l are in Appendix E. 

Buildings B-l, B-2, and B-3 

Radiological surveys for levels of fixed and removable residual radioactive material of 
the main floors of the B Buildings did not exceed the 5,000 dpm/lOO cm2 fixed guideline 
(1,000 dpm/lOO cm2 transferable). However, the basements of the three B Buildings showed 
walkover scan readings’up to 60,000 cpm (7 times background) (see Appendix E). Building B-3 
readings did not exceed twice background. Building B-2 showed fairly extensive levels of 

. elevated radioactivity in the east half of the room with readings from 18,000 cpm to 
60,000 cpm. Elevated readings found in Building B-2 extend into Building B-l, in addition to 
several areas near the center of Building B-l. Gamma scan readings in Building B-l ranged 
from 17,ooO cpm to 40,000 cpm. No hotspots were discovered in the B Buildings by the 
walkover surface &&mination surveys. 
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Building C 

The floors of the C Buildings were checked for fixed and removable residual radioactive 
material and none was discovered. 

I A walkover scan for the C Buildings (see Appendix E) showed readings for the basement 
of Building C-3, which were all in ,the 10,000 to 19,000 cpm’ range with only a 3 to 4 ti (3.6 

. to 4.8 yd2) area near the southwest corner registering above the 17,110 cpm (twice background) 
limit. 

Building F 

The floors in Building F were surveyed for fmed and removable residual radioactive 
material. Detectable levels did not exceed current DOE guidelines. A walkover gamma scan 
performed in Building F indicated that no areas exceed twice background. 

’ Alfa Building 

The Alfa Building was surveyed for fmed and removable surface contamjnation. 
Overhead surfaces, floors, and walls in Rooms 2 and 6 did not exceed current guidelines for 
uranium. One pump surface in Room 6 (Figure 5-18) had a reading of 12,480 f 1,530 cpm 
beta-gamma radiation. A walkover gamma scan of Alfa Building agreed with previous surface 

. survey information and detected no areas that exceeded twice background. 

5.4.5 Building A Ash Pile. 

The samples from the ash piles in Building A were analyzed for radiological’parameters 
. and showed Ra-226 concentrations gieater than 5 pCi/g (Table 5-3 and Appendix B-9). 

Chemical analyses of the ash pile samples showed elevated levels of calcium, magnesium, 
potassium, and sodium as well as elevated metal concentrations (chromium, lead, nickel, and 
‘z&c), with one sample showing elevated levels of TPH and one sample failed the RCRA 
ignitability test (see Appendix B-9). 

5.4.6 Of&&e Properties 

The basement, first floor, and upstairs of 11 Congress Street, and the basement, interior, 
and outside stairs at 15 Congress Street did not exceed current radiological guidelines. 

The soil samples taken in the basement of the buildings located at 11 and 15 Congress 
Street were near background concentrations (Table S-9). 
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Figure 5-2. Technicians Using a Hand Auger to Collect Background Samples 
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Figure 5-6. Technician Using a Floor Monitor in Building A 
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Figure 5-7. Technician Performing a Scan in Building A 
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Figure 5-8. Surface Soil +nples with Concentrations of Th-230 or Th-232 > 5 pCi/g 
or U-238 > 50 pCi/g (1992 DOE Sampling Event) ~ 
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4850 rt 1170 dpm B-G*

4050 zt 1110 dpm B-G*

DETAIL “A”

6450 f 1280 dpm B-G*

1610 f 1590 dpm B-G*'

.DETAlL ‘B”

.-.--  _..-..,z.- _... - .---....-..  .._.._  _--. --.-- Y.B _ -1
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4780 f 1110
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dpm B-G *
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ji i ".! dpm B-G *
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1240 dpm B-G*
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xi dpm B-G t' 1, 1

5 i
i, ii

EOO-EOI LOC 4
4150 f 1040 dpm B-G*
EM-E03 LOC'I
4230 f 105Q
EOO-E03 LOC 2'
9180 f 1380 dpm B-G*
E03-E06 LOC 1
8,840 f 1360 dplm B-G*
EO6-EO7.LOC 3
4&l.) f 1070 dpm B-G *

6
9480 f 1470

jdpm B-G *
$.

1:
5 $~~" =====. -'--~~~~.~-~==  I~ ~~~.~~~-,,.~==.~~,~  -‘-z-e r-3
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2 ii :; t$;,giy /< _ ,___-__

dpm .B-G *- ;j L., ,~7~~;'*... ,." 1: I~,::+-~~

~~--~---~~=~.=~=~~~-~~~=-~  5650 f 1220
:..

[
i-2 11520 f 1580z i.1..a dpm B-G #

1: dpm B-e * ii
,-,-. 1;vpa B,&J@(--Jfgls" ji
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12680 f 1640
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--I L.5561) f ,220 3960 f 1100
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Table  S-l. Analytical  Parameters  for the 1992 Characterization

-.
_-

:

Ra-226
Th-230

._ _.--.  -. -.-
: j&&on&~~&  ‘.:i-.:i  1 :-:.!.  ,; I---  L : -- ‘-.  I[ --

. Th-232
U-238

: 2 -- ..: .:.:.;:-g&--e~
.: ;. .: :f ,_ -:. : :; :.I-:&&g&.-  ;-: :y ;;--\;:-:y;.;;  --- ~~~~i:;-~.;:I 1::. ~.//!+.:~~~~~~

: : ::::  -. :: -_ --(. ..::... :-.,._  : .._. . . .

Corrosivity  by pH Reactivity Toxicity  by TCLP
Ignitability  by flashpoint cyanide Arsenic Lead

Sulfide Barium MaIcur
CadllliUIIl Selenium
chromium Silver

.-..- ..-. .-- .- -. -. ‘.. :i::~:.::::~-z~i  -...: :::: :..:. :::. .-:-:-y::  . . . . :.:( :. :.; . . . . . . . . . :..::...+.:.-: .--- -. . ..-.. -.:-. . . . -.-..-.-..i . . . . . -.- .._...__ -:: :::::..:-: .._: ..__._..:::.  j: .::: ..-..-...-.-.‘::.:...::.~:~;:  . . . . . . ..‘...._  ( .,.. : ~ -‘...  _....  _. ........ . .:::::::--:  :.::>  :-:z.- = i::.:-r : : : x---z ~:.:.~~~..:.::~~~~.i’::l:~i~~:~~~~~~~~~~:~~~~~~~~~~~~~~~:~~~~~~~~~~~~~~~~~~~~~~:~~~~~~~~~~~~~~~~~~~~:~~~~~~~~~~:~:.: :.:  :.:. . . . -.....‘.  .: :: : -. -:-:.::---  .: ~:-:-;::.-:.:.::::~;:-:  :-::.::  : 1.:.-..-. . . . . . .2x.:.:  .:. +::.:.:.-  . . . . . . :,:.,:  .-a.. -.:  ::;.:.: .::.: ..~ :: .: ‘:.;-:.:::.:  F: . ...,..: ->:>$  -.:::.-:  ..:.. . . :.::::.:.:.:  -. _. . . . . _ ../.. _ .,’ :... . . .

Ahlminum ClUOIUilXIl Nickel
Antimony Cobalt Potassium
Arsenic Copper Selenium
Barium IrOll Silver
Beryllium Lead sodium
Boron Magnesium Thallium
Cadmium Manganese vanadium
Calcium Molybdenum zinc

-. .’ .:--:.---‘-“.-~.~.‘.‘..-:-.-.-  ..,...,.._.  ,,__,__  -.--- _-.i,,. . . . .: . . . . : : :.:;:;::j:t  ~.~:cp~-~-~-:.~-~-~~:-.-:-.-:  :::~;.:.:...:.:.:::::  :.:.:.  : ..:. -: -.-.-.-..i-.-..  ..:. . . . . /.. :. :::... .: . .-.
-.- -.- _....:  ..:.:.-.:.:.:  . ...: .:.;.: ~:.:  :.,:.:.:  -.-.....i:::.~:~:‘:::!:::.:::::.:::::-.:.:.-.:  ../\__ ::.:;:. ..: ~~:i~~--I-:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.-- ‘~ -.-...-.. -- . . . . . . . -.. . . . . . . . . . . . . . . ...::,:;  .:.:,:  :-::.:-..  ..: :.:.:.:.  :.:.:.:;:  :::::  :,:. .:;,:.:,:;.:.: ::~,y~:~:~:~:~::~. . . . . ..I .-:..:. _. .:.:........  z :.:....  .:.:.;...:.,.,...;..:.......:...;;;I--;;:  . . . . ::.:.::,:..:.::.:.:.::.> . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..,...  :.. :i .:.: . . . . -.. /...... .-,.. . . . . . . . . . . -.:..::.-..::  . . . . ...:::......:./ -.-..-::...-.-  ..i. ,.....  . ..I /.. .:. . . . i -. i . . --- -- ..- . . .-. ---..

Aroclor-1016 ’ Aroclor- 1242 Aroclor-1254
Aroclor-1221 Aroclor-1248 Arolclor-1260
Aroclor-1232

. . -.-.. . . -. .-., :.x..  ..: ./. -.- :,..,..._:  ~:~:~:~.~:~:~:i.:~:~:~:i:Ti:,~~:ii.~:~:~’i:.::...‘.~.:,:~:~.~:::,~~:~:~:~:~:~:~:::‘-:..:.‘i:.‘:.:,-::::  ..,.. ::.:--:-::-:-:-  -::: . . ...\ . ..-.:: --.-- --.-, _i. . . . . . . .. . . . . ~-~~::::.:::::::-:.:::::::;::.-~(-~~-~..~-:-~ . . . .:::  -; ;. . . . . . . . . . . . . _ .- :::... . . . . . . ..- . . . . ..-:y .A:.:.:.:.>;  _.. . . . . .._ ..~ :.y.:.:.:...:.:  :;::::..  . . . . :.;.z  :.:.:.z.:.: :.: :i.;z-:> ;. ,~ ,/,:  .,,/ :.:~:~:~:~:~:~:~:~::I;  .~...)”  -i ..,.... ..i . . . . . . . . . . . .._......:: : :-::-: . . %g$‘: $$; ;&:;.;:ij$  ~~~~~~~~~~~~~~~~~~~~~~~:~~~~~~~~~~~~~~~~~~.~~~~~.~~~~~~~~~~~~~~~~~~~~~~~~~  gg;:::::...::.:..:::-:::::::::::::-:::::::j(-:i::;:::.::.:  . . . . ..~.....~.....:...~  :::::  .-:-:.:-::::::  :y>:: .,.:.::. :.:.;-.:.:>::  :._ .x..  ..:p:.:.:  . . . . . . . . . . . ‘.F;:  :.;:::  ~::;::::‘.:.::.~::~:~:~.~:~:.:.~.:::.:.::::.:.:...:.:..,. ‘.A..;  :.:. . .._.. ___ :.;.;  .- ..: i,_...._. . . . . . . . . . . .._ :c. ............i........... . . . . . . . . . -:.. . . . . . . . _............/.... ..:./ -i.-.-..  . . . . . . . . . . . . . . . . . . . . . . . _.. . . .. .

Acenaphthene Di-n-octylphthalate Isophorone
Acenaphthylene Dib~enzo(a,h)anthracene 2-Methyhraphthalene
Anthracene Dib~enzofuran 2-Methylphenol
Benzidine 1,2-Dichlorobenzene PMethylphenol
Benzo(a)anthracene 1,3-Dichlorobenzene N-Nitroso-dik-propylamine
Benzo(a)pyrene 1,4-Dichlorob~enzene N-Nitroso-dimethylamine
Bemo(b)fluoranthene 3,3-Dichlorobenzidme N-Nitroso-diphenylamine
Benzo~(g,h,i)peryleue 2,4-Dichlorophenol Naphthalene
Benzo~(k)fluoranthene Diethylphthalate 2-Nitroaniline
Benzoic Acid 2,4-Dimethylphenol 3-Nitroaniline
Benzyl Alcohol Dimentylphlhalate 4-Nitroaniline
bis(2-Chloroethoxy)methane 4,6-Din&o-2-methylphenol Nitrob~enzene
bis(2Xliloroethyl)etber 2,4-Dinitrophenol 2-Nitrophenol
bis(2-Ethylhexyl)phthalate 2,4-Dinitrotolwne 4-Nitrophenol
4-Bromophenyl-phenylether 2,6-Dinitrotoluene 2,2-oxybis(  1-Chloropropane)
Butylbenzylphthalate . 1,2-Diphenylhyd Pentachlorophenol
4-Chloro-3methylphenol Fluoranthene Phenamhrene
Khloroaniline PlUOlZIE Phenol
2-Chloronaphthalene Hexachlorobenzene
2-Chlorophenol Hexachlorobutadiene 1,2,4-Trkhlorobenzene
GChlorophenyl-phenylether Hexachlorocyclopentadiene 2,4,5Trichlorobenzene
ZhIptXVZ Hexachloroethane 2,4,6-Trichlorobe
Di-n-butylphthalate ’ Indeno(l,2,3-c,d)py

FUSO92P/122995 5-36
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Table 5-2. Sample Identification, Locathn, and Analyses . 

1. silfhlil~:~~~mb~~~,~~~: .~~~~~~~~‘.~~~~~~~~~~~~ :. .,,:, j ,,.gg>;: ::y; ::..;: :: . . : : ~:::~~.~~~ie: ~.~~~~:~~~~~ s~~~~~~~~..~~~~~~~:~ 
. . . . ., ,...: . . . . . . . . . . . . . . . ,... . . . . . .._... .::. ,.. ..: . . : . . . . . 

127 CV A01 01 SB-1A Background Greeuhill Playground Hand Auger 1,2,3,5,6 

127 CV BOl 01 SB-1B Background Tuck Point Playground Hand Auger 12356 9 , 9 , 

127 Ci CO1 01 SB-1C Background . Prospect HiKAth. Field Hand Auger 12356 9 , , , 

127 RV CO1 02 SB-1C Background Prospect Hill Ath. Field Hand Auger 192 

127 RV CO1 03 SB-1C Background Prospect Hill Ath. Field Hand Auger 12 

127 RV 002 01 SB-2 Surface Soil Alfa Building Split Sposon 1 

127 RV 002 02 SB-2 Subsurface Soil Alfa Building Split Spoon 1,2’ 

127 RV 002 03 SB-2 Subsurface Soil Alfa Building Split Spoon ‘1 

127 RV 003 01. SB-3 Surface Soil Alfa Building Split Spoon 192 

127 RV 003 02 SB-3 Subsurface Soil Alfa Building Split Spoon 1 

127 RV 003 03 SB-3 Subsurface Soil Alfa Building Split Spoon 1 

127 RV 004 0; SB-4 Surface Soil Alfa Building Split Spoon 1 

127 RV 004 02 SB-4 Subsurface Soil Alfa Building Split Spoon 192 

127 RV 004 03 SB-4 Subsui-face Soil Alfa Building Split Spoon 1 

127 RV 005 01 SB-5 Surface Soil Alfa Building Split Spoon. 1 

Ahalyses Codes: 
1 = Uranium-238, Radium-226, and Thorium-230 
2 = Thorium-232 
3 = Total Metals (arsenic, barium, cadmium, chromium, copper, lead, manganese, mercury, nickel, selenium) 
4 = RCRA characteristics (ignitability,. corrosivity, reactivity, and toxicity) 
5 = Pesti~idesIPCBs 
6 = Total Petroleum Hydrocarbons (TPH) 

. 7 = Semivolatile organic compounds (if TPH > 1,000 ppm) 



Table 5-2 (continuedj 

-. 

127 RV 005 02 SB-5 Subsurface Soil Alfa Building Split Spoon 192 

127 RV 005 03 SB-5 Subsurface Soil Alfa Building Split Spoon 12 

127 CV 006 01 SB-6 Surface Soil Building A split spoon 12.3 , , f 45 , 3 6 

. 127 RV 006 03 SB-6 Subsurface Soil Building A Split Spoon .I 

127 RV 007 01 SB-7 Surface Soil Building F Split Spoon 1 

127 RV 007 02 SB-7 Subsurface Soil Building F Split Spoon 192 

127 RV 007 03 SB-7 Subsurface Soil Building F Split Spoon 192 

127 RV 008 01. SB-8 Subsurface Soil Building F Split Spoon 12 

127 RV 008 02 SB-8 Subsurface soil Bui1ding.F Split Spoon 1 

127 RV 008 03 SB-8 Subsurface Soil Building F Split Spoon 1 
1 

127 CV 009 01 SB-9 Composite Building F Split Spoon 1,3,4%6 

. 127 RV 009 03 SB-9 Subsurface Soil Building F Split Spoon 1,2 

127 CV 010 01 SB-10 Surface Soil Building B Split Spoon 134’56 9 , , 9 

127 RV 010 03 SB-10 Subsurface Soil Building B Split Spoon 1 . 

127 RV 011 02 SB-11 Subsurface Soil Building B Split Spoon 172 

127 RV 012’02 SB-12 Subsurface Soil Building B ’ Split Spoori 1 

Analysts codes: 
1 = Uranium-238, Radium-226, and Thorium-230 
2 = Thorium-232 
3 = Total Metals (arsenic, barium’, cadmium, chromium, copper, lead, manganese, mercury, nickel, selenium) 
4 = RCRA characteristics (ignitability, corrosivity, reactivity, and toxicity) 
5 = Pesticides&CBS 
6 = Total Petroleum Hydrocarbons (TPH) 
7 = Semivolatile organic compounds (if TPH > 1,000 ppm) 



Table 5-2 (continued) -. 

127 RV 012 03 SB-12 Subsurface Soil Building B Split Spoon , 192 

127.RV 013 01 SB-13 Subsurface Soil Building A-l 4 Room Hand Auger 1 

127 RV 014 01 SB-14 Subsurface Soil Building A-l Room 5 Hand Auger 192 

127 CV 015 01 SB-15 Subsurface Soil Building A-l Room 6 Split Spoon 1,2,3,4,5,6,7 

127 RV 016 01 SB-16 Subsurface Soil. Building A-l Foam 6 Split Spoon 1 

127 CV 017 01 SB-17 Surface Soil North Loading Area Split Spoon 13456 , 9 , , 

127 RV 017 02 -SB-17 Subsurface Soil North Loading Area Split Spoon 192 

127 RV 017 03 SB-17 Subsurface Soil 1 _ North Loading Area Split Spoon 

127 RV 018 01 SB-18 Sybsurface Soil North Loading Area Split Spoon 1 

127 RV 019 01 SB-19 Subsurfke Soil North Loading Area Split Spoon 1 

127 RV 019 04 SB-19 Duplicate North Loading Area Split Spoon 1 

127 RV 020 01 SB-20 Surface Soil #West Loading Area Split Spoon 192 

127, RV 020 02 SB-20 Subsurface Soil West Loading Area Split Spoon 1 

127 RV 020 03 e SB-20 Subsurface Soil West Loading Area JJplit Spoon 1’ 

127 RV 021 01 SB-21 Subsurface Soil West of A-l Split Spoon 192 

127 RV 021.02 SB-21 Subsurface Soil West of A-l . Split Spoon 192 

Analyses Codes: 
1 = Uranium-238, Radium-226, and.Thorium-230 . 
2 = Thorium-232 
3 = Total Metals (arsenic, barium, cadmium, chromium, copper, lead, manganese, mercury, nickel, ?elenium) 
4 = RCRA characteiistics (ignitabiity, corrosivity, reactivity, and toxicity) 
5 = PesticideslPCBs 
6 - Total Petroleum Hydrocarbons (TPH) 
7 = Semivolatile organic compounds (if TPH > 1,000 ppm) 

. 



Table 5-2 (continued) 

Sampi~ Nnmbei jhnipte l?oirg .:: :-. smgdg, !l&&~.~$~..;I~. -.. ..:. &&+I@ k$&iti.:t . . . . . . . . . . . . . . . Sainple Ijtjt+ii~+i~c~:, : . .._ 

127 CV 022 01 SB-22 ’ Surface Soil south of C-l Split Spoon G&%4%6 

127 RV 022 02 SB-22 Subsurface Soil soutll of C-l Split Spoon 12 

127 RV 022 04 SB-22 Duplicate south of C-l Split Spom 1,2 

127 RV 023 01 SB-23 Surface Soil Outside C-l Split Spoon 12 

127 RV 023 02 SB-23 Subsurface Soil Outside C-l Split Spoon 1 

127 RV 023 03 SB-23 Subsurface Soil Outsidk C-l Split Spoon 1 

127 RV 024 01 SB-24 Subsurface Soil Under C-2 . Directional Drill 1 

127 RV 024 02 SB-24 Subsurfke Soil Under C-2 Directional Drill 1 

127 RV 024 03 SB-24 ’ Subsurface Soil Under C-2 Directioual Drill 1 . 

li7 RV 025 01 SB-25 Surface Soil Outside C-3 Split Spoon 192 

127 RV 025 02 SB-25 Subsurface Soil Outside C-3 Split Spoon . 192 

127 RV 025 03 SB-25 Subsurface Soil Outside C-3 Split Spoon 1 

127 RV 026 01 SB-26 Subsurface Soil Under C-4 Directional Drill 1 

127 RV 026 02 ’ SB-26, Subsurface Soil Under C-4 : Directional Drill 1 

127 RV 026 03 SB-26 Subsurhce Soil Under C-4 Directional Drill 1 

127 RV 027 01 SB-27 Surface Soil . Northof C-4 Split Spoon 1 

Analyses Codes: 
1 = Uranium-238, Radium-226, and Thorium-230 
2 = lIlorium-232 
3 = Total Metals (arsenic, barium, cadmium, chromium, copper, lead, manganese, mercury, nickel, selenium) 
4 = RC,RA characteristics (ignitability, corrosivity, reactivity, and toxicity) 
5 = PesticideslPCBs 
6 = Total Petroleum Hydrocarb’ona (TPH) 
7 = Semivolatile organic compounds (if TPH > 1,O~OO ppm) 



Table 5-2 (continuedj 

SB-27 

... S*pi~.;~*b~g:.. 

i27 RV 027 02 

127 RV 027 03 

Subsurface Soil 

Subsurface Soil 

Duplicate 

Subsurface Soil 

North of C-4 

North of C-4 

North of C-4 

North of C-4 

Split Spoon 

Split Spoon 

Split Spoon 

Split Spoon 

SB-27 

127 Rti 027 04 SB-27 

127 RV 027 05 SB-27 

127 RV 027.06 SB-27 Subsurface Soil I North of C-4 I Split Spoon\ 

127 RV 028 01 SB-28 Surface Soil 

Subsurface Soil 

Subsurface Soil 

Surface Soil 

Betwe& Alfa & F 

Between Alfa & F 

Between Alfa & F 

Between &lfa & F 

Split Spoon 1,2 

Split Spoon 1 

Split Spoon 1 

Split Spoon 12 

127 RV 028 02 SB-28 

127 RV 028 03 SB-28 

127 RV-029 01 SB-29 

127 RV 029 02 SB-29 Subsurface Soil Between Alfa & F Split Spoon 1 1 
I I I 

SB-30 Surface Soil 

Subsurface Soil 

Subsurface Soil 

Duplicate 

South of Alfa Building 

South of Alfa Building 

South of Alfa @dlding 

South of Alfa Building 

Split Spoon L2,3,4S,6 

Split Spoon 132 

Split Spoon 1 

Split Spoon 3,4,5,6 

127 RV 030 02 SB-30 

127 RV 030 03 SB-30 

lu RV 030 04 SB-30 

127 RV 03101 Surface Soil 1 South of Build@ C 1 St. Steel Garden Trowel 1 1 
I I 

SS-32. Surface Soil South of Building C St. Steel Garden Trowel 1 127 RV 032 01 

Analyses Codes: 
1 = Uranium-238, Radium-226, and Thorium-230 
2 = Thorium-232 
3 = -Total Metals (arsenic, barium, cadmium, chromium, copper, lead, manganese, mercG, nickel, selenium) 
4 = RCRA characteristics (ignitability, corrosivity, reactivity, and toxicity) 
5 = Pesticides/PCBs. 
6 = Total Petroleum Hydrocarbons (TPH) 
7 = Semivolatile organic compounds (if TPH > 1,000 ppm) 



Table 5-2 (continued) . 

;.;.;_-:: &T&iii~ &i.k&&;?_;~ i3111pi~~+&i~ -+* p le Poht .- .- ; ; .. ii;,. g&& i Id 

127.RV 033 01 ss33 Surface Soil South of Alfa Building St. Steel Garden Trowel 1 

127 RV 034 01 ss-34 Surface Soil South of Alfa Building St. Steel Garden Trowel 1 
127 RV 035 01 ss-35 Surface Soil Decon Pad St. Steel Spatula 1 

127 RV 036 01 036 Sewer Sediment Between A-l and B St. Rod w/Nalgene Btl. 1,2 

127 RV 036 02 036 Sewer Sediment Between A-l and B St. Rod w/Nalgene Btl. 1,2 

127 RV 036 03 036 Sewer Sediment Between A and B St. Rod w/Nalgene Btl. 1,2 

127 RV 036 04 036 Sewer Sediment Between A and B ’ St. Rod w/Nalgene Btl. 1,2 

- ’ 127 RV 037 01 Soil 11 Congress St. Bsmt. St. Steel Spoon 1,2 

127 RV 038 01 Soil 11 Congress St. Bsmt. St. Steel Spoon 192 

127 RV 039 01 Soil 15 Congress St. Bsmt. St. Steel Spoon 132 

127 RV 040 01 Soil 15 Congress St. Bsmt. St. Steel Spoon 192 

127 RV 041 01 Soil 15 Congress St. Bsmt. St. Steel Spobn 192 

127 RV 042 01 Soil 15 Congress St. Bsmt. St. Steel Spoon 1,2- 

127 RV 001.51 SW-i Background Danvers River Bottom Filljng Bailer 1,2 

127 RV 002 51 SW-2 Background Bass River Bottom Filling Bailer 172 

127 RV 003 51 SW-3 Surface Water East of Foundry Bottom Filling Bailer 12 

Analyses Codes: 
1 = Uranium-238, Radium-226, and Thorium-230 
2 = Thorium-232 
3 = Total Metals (arsenic, barium, cadmium, chromium, copper, lead, manganese; mercury, nickel, selenium) 
4 = RCRA characteristics (ignitability, corrbsivity, reactivity, and toxicity) 
5 = Pesticides/PCBs 
6 = Total Petroleum Hydro’carbqna (TPH) 
7 = Semivolatile organic compounds (if TPH > 1,000 ppm) 

e 
w 
Q) 
0 
0 
kn 



Table 5-2 (continued) 

i _s~~kB,:~~~~.~~~i: 
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W” “’ ,,. .’ - 

127 RV 004 51 SW-4 Surface Water South of B-2 I Bottom. Bailer Filling 12 

127 RV 004 52 SW-4 Duplicate 
. South of B-2 Bottom Filling Bailer 1,2 

127 RV 005 51 SW-5 Surface Water West of C-l Bottom Filling Bailer 192 

127 CV 001 11 SD-l Background Danvers River Ponar Type Sampler VA%6 

127CVOO2 11 SD-2 Background Bass River. Ponar Type Sampler 1,2;3,5,6 

127CVOO3 11 SD-3 Sediment East of Foundry Ponar Type Sampler 12,3,5,6 

127 CV 004 11 SD-4 Sediment South of B-2 Ponar Type Sampler 12356 , , , , 

127 CV 004 12 SD-4 Duplicate South of B-2 Ponar Type Sampler kW,V 

127 CV 005 11 SD-5 Sediment West of C-l Ponar Type Sampler 12356 9 , , , 

127 CV PO1 01 WP-1 ., Ash Pile Inside Building A Soil Probe L2,3,4,5,6 

127 CV PO2 01 WP-2 Ash Pile Inside Building A Soil Probe 123456 9 , , , 9 

127 RV 00131 AS-l Mussel Background Rake 1,2 

127 RV 002 31 AS-2 Mussel Tidal Flat Rake 192 

127 RV 002 32 AS-2 Duplicate Tidal Flat Rake 192 

127 RV 003 31 AS-3 Mussel Tidal Flat Rake 1 

127 CV 500 &I Decon Water Drums 

Analyses Codes: 
1 = Urania-238, Radium-226, and Thorhnn-230 
2 = Thorium-232 
3 = Total Metals (atienic, barhun, cadmium, chromium, copper, lead, manganese, me&y, nickel, selenium) 
4 = RCRA characteristics (ignitability, corrosivity, reactivity, and toxicity) 
5 - Pesticides/PCBs 
6 = Total Petroleum Hydrocarbons (TPH) 
7 = Semivolatile organic compounds (if TPH > 1 ;OOO ppm) 



Table 5-3. Soil Around Building A and Ash Pile 

. . 

Sample Number 

” ” ‘.,: ,,, ‘,:, ‘, :, .,I:, ,:’ .,: 

:, 
. . . .: 

‘(1: ,::: :j ,..g;i 

127CVOO601 lt7RV00603 
collected: 09/10/92 cokcted: 09/10/92 

0.0 - 1.0 FT 4.0 - 5.0 F-r 

rdiologiral 
a-226 
h-230 
h-232 
'-238 

Units 
Pm 
Fw 
Pw 
Pa3 

Result 

0.740 
0.920 
1.400 
4.7 

Error D8ti Ruult Error Dati 
Rwe Qualifer We Qualifer 

0.09 0.84 J 
0.49 
0.44 1.2 J 

J 7.7 0.32 

Sample Number 

2.0 -3.0 Fr 

~diological 
1-226 
1-230 
1-232 
238 

UnitS 
Pwl 
pci/s 
Pwl 
Pw 

Rmldt 

0.45 
0.580 
0.59 
5.800 

Error 
bk!e 

J 
0.45 

J 
0.66 

J Indicates an estimated value. This flag is used when a target analyte is detected at a level less 
than the lower limit of quantification. 



Table 5-4. Soil Under and Around Building A-l 

:+. : .: 
.’ .:..:.:;,, _, : ,..: ,._ -.:.. :‘,.: - -: 

SUlldt! Number 

~dlological units 

.a-226 Pw - 

h-230 Pw3 

h-232 Pw3 

J-238 Pw 

Samplt NIUllbi?r 

Ladlological Ullk3 

!a-226 Pw3 

‘h-232 Pw? 

J-238 Pw! 

Sampk NUlllblEl- 127RVO1901 

kadlologlcd 

La-226 

X-232 

J-238 

: :.: ., ..: ..- .i 
127CVOl701 

collected: oYm3/92 

0.0 - 1.0 Fr 

Result 
Error Data 

-we Qualifer 

0.960 0.23 

1.400 0.55 

10.500 0.97 

Collected: 09nll92 

2.0 - 3.0 Fr I 

127RVO1702 

Collect& 09/03/92 

2.0 - 3.0 ET 

Result z; Data 
QMfer 

1.100 0.21 

1.600 0.64 

1.300 0.39 

9.0~00 0.88 

Result 
Error DA7 

Rwze QmUfer I 

7jEii-J ; 

127RVO1703 

Collected: 09/03/92 

4.0 - 5.0 Fr 

Result 
EITW Dat+ 
Rmge QualKer 

1.200 0.22 . 

1.300 0.54 

6.000 1.9 

127RV01801 ! 

c0ntdd: 09nm2 

4.0 - 5.0 FT 

Result 
Error DetbI 
‘R#Ulge QTlaUter 

127RVO1904 

colhxtQ!d: 09l21192 

4.0 - 5.0 Fr 

RUUM 
Error DlIti 

-we QmlUer 



Table 5-4 (continued) 

ENTROti - SOIL BOBlNG - 20 

Sample Number 
.-. : I-: -.: I-:: i : :.i:-..:. :. :-:-. :.:. . . . . . . . . _.. . . . . _) 

127RVO20~01 127RVOtOO2 127RVO2003 
Collected: 09/03/92 Collected: Wo3/92 Collected: 09!03/92 

0.0 - 1.0 FT 2.0 - 3.0 FT 4.0 - 5.0 Fr 

hdlolo8I~cal Units 

.a-226 pCif8 

b-230 pci/g 
h-232 08 

r-238 Kg8 

Ruult 

1.500 

1.000 
1.800 

23.400 

EIIW Data ’ 
Result EITW Dab 

Result 
Ermr Data 

Rnw ’ Qunllfer -Range. Qudlllr~r =w Quellfer 

0.14 k460 0.13 0.560 0.13 
0.51 

0.05 0.71 J 0.630 0.15 
4.9 5 J 8.200 1.8 

Collected: 09/04/Y2 

2.0 - 3.0 IT 

kdlological 

e-226 

h-230 

h-232 

Unite 

PCU8 

PC98 

1.300 0.73 2.300 0.32 

1.400 0.58 1.300 0.56 

2.300 .0.78 3.3’00 0.n 

I:~~~~~~~~pi;~~~~~~::~~~~~~~,~~~~~~~ -~~-.~:~:;i’i~~~~~~~~~~~~~~~~~~~~~ lili~.~~~~~~~;~~~~~~~~~~~~~~~~.-~; -y;;;;;jY&: ;;.:;-::;j; ,:a-::I~~~~~~~~~~~ $. ih.<Y:t- .-’ (.. -. ; 
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. . .:... ..__._.._......... . . . -. -. . . . . ,: . . . . . . 
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Sample Number 127RVO1301 12?RVO1401 127CV01501 127RVO1601 

Collected: 09l22l92 Collected: 10/20/92 Collected: 09/17/92 Collected: 09/17/92 

o.o- 0.5 FT o.o-o.sFr o.o- 0.5 FT o.o- 0.5 FT 

Statiom 013 Station: 014 statton: 015 Station: 016 

Result Error Data 
Result 

Error Data Error Data Error Data 
Range Qllnllfer Range QualIfer 

Result 
Range Qualifer 

Result Range Qualife 

Irdlologlcal Unit8 

!r-226 pci/8 0.930 0.14 0.940 0.33 1.50’0 0.2 1.10’0 0.05 . 

h-230 PC28 44.50~0 3.3 1.10’0 0.6 

k-232 KU8 1.200 0.11 1.100 0.52 1.800 0.39 1.30’0 0.26 

I-238 pci/8 3.5 J 190.000 22.9 9.1 J 1.900 0.83 J 

J h&at= an &mated value. This flag is used when a targel analyte is detcctcd at a leVC! kSS than the lower limit of quan~fi@kMl. 



Table 5-5. Soil Around B Bidldings 

127CVOlOOl 127RVO1003 

colkted: 09m9J92 c0lkctm.k 09Kw92 

0.0-1.0 F-r 4.0 - s.oFr 

Resnlt 
Error Data Error Da@ 

-8e QuPufer 
REdt 

Rage Qnatifer 

Radiological Units 
Ra-226 Pm 2.200 '0.15 1.300 0.45 

Th-232 Pw 3.600 0.92 1.900 0.41 
, 

U-238 pcilg 6.300 2.2 11.8 J 

,. 
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i27RVO1203 127RVO1202 

coR~09/10/92 c0lkctedz09/10/92 

2.0 - 34 ET . 3-o-&OFT 

RUldt 
Error Data Rtsalt Error Dncn 
Rpnge QnnuFer me - Qualifer 

0.930 0.12 0.690 0.22 - 

0.420 0.39 

0.76 J 0.880 0.46 

25.900 2.5 1 16.300 _ 1.9 

J Jndicatas an estimate3 vslue. This Bag is used when a target malytc is dctskd at P keel less , 
than the lower limit of c$mtifitiolL 

. 



Table 5-6. Soil Under and Around C Buildings 

SNTRON - SOfL BORING - 22 
.:--. :. -..- .i 

.: :. -.- 

127cV,O2201. 
.:. -. .:-. -.:.. . . . . .._ -. :. _ ..- ::; .: . . . . -::::. . . . .: 

Sample Number 127RVO2204 127RVO2202 

ColIecttd: 09t24/92 Collected: 09/24/92 cobttd: 09n4f92 

0.0 - 1.0 FT 0.0 - 2.0 FT 2.0-3.OFT 

ldiologlad UIlh 

t-226 Pm3 

1-230 Pw 

1-232 Pci/g 

,238 pcilg 

Result 

1.400 

8.500 

12.500 

69.400 

Error Dh 
Range Qualifer 

0.07 

1.3 

0.85 . 

11.1 

Result 

1.500 

5.900 

13.500 

60.900 

Error Data 
Range QualIfer 

0.12 

1.2 

0.8 

5.4 

Result 

0.980 

2.900 

2.900 

46.800 

Error D&IQ 
mgt QuaUfe~ 

0.22 

0.84 

0.37 

6.4 

Smnplt Number 127RVO2.301 

coutcttd: 09/09/92 

0.0 - 1.0 IT 

127RVO2302 

cobcted: 09ml92 

2.0 - 3.0 FT 

127RVO2303 

Collected: 09/09/92 

6.0 - 7.0 lT 

ndiolodcal 

a-226 

h-230 

h-232 

-238 

Result 

UJlits 

PC% 0.860 

pcilg 0.980 

P W 0.65 

PWJ 11.800 

Error Data Result 
Error Data Result 

Error Data 
Range Qmliftr Range Quallfer - Rnngt Qualife 

0.24 0.850 0.2 0.640 0.06 

0.59 

J 0.960 0.18 1.200 0.34 

2.7 8.300 2.6 8.9 J 

.:-::.:.:.:.:I:::::?.:.:.:.>?:.:.:.: . . . . . . . . :.:.:.: .......,i:.~.~.:.:. :i .,:.::: .:...,.,..... _.- . . . . . . . . . . . -...?:::::.~.:.:.:: ::.:.:.:.: A.,.... . . ..-. . . . . . . . . . . . . . . . . . . . ‘:.:‘:‘:.:.‘;:.:.!-::-: -::-:. ..: .::. . . ..g..:. . . . ../ -.. .,...,.... ..-... . . . . . . . -. -. . . . . . . . . . . . . . . . . . . . . . . . . . ..-./-: . . . . . .::. . . . . . . .._ L. . . . . . . .._.._..._.____._...... . -....-......... 

Sample Number. 127RVO2401 * 127RVO2402 . . 127RVO2403 

c0neetcd: 09n3t92 Collected: o9n3t92 colkcttd: 09n3J92 

8.0 - 9.0 Fi- 10.0 - 11.0 Fr . 30.0 - 31.0 FT 

Rtmlt 
Error Dh 
Range Qdfer 

Result 
Error D&i 
Rage Qdiftr 

Remlt 
Error DSItn 
Range Qualifc 

idlolo&al 

a-226 

h-232 

‘-238 

U&S 

PC98 

Pw3 

PC% 

0.880 0.04 0.850 0.19 0.470 0.1 

1.2010 0.33 1.200 0.19 1.0~0~0 0.16 

119.000 4.4 186.00’0 14.4 5.200 0.56 



Table 5-6 (continued) . 

ENTRON - SOIL-hORiNG - 25 

. Sample Number 

t- 

:-, . ..i .; ;. ,. . . .._. ::::.;::..:~:..::~~.,. 

127RVO2501 127RVO25112 127RVO2503 
Collected: 09/09/92 coutcted: 09lO9B2 cone&d: 09/09/92 

0.0 - 1.0 Fr 2.0 -3.0 FT 4.0 - 5.0 FT 

Result Error Da@ 
Range Quaufer 

Result Error Dab 
Result 

Error DWI 
RpRrc Qupufer Range Quolifer 

U-238 PC% 

Smmple Number 

Radlologicd 

Ra-226 

Th-230 

Th-232 

Units 

aci/g 

PC% 

PC% 

Pwz 

0.670 0.21 0.600 0.03 0.450 0.18 

I.100 0.55 o.r;so 0.45 

1.000 0.41 0.510 0.01 0.470 0.28 
4.300 2.4 

127RVO2603 

CoJkted: 09/15/92 cokcttd: 09ml92 Collected: 09/15/92 

3.0- 4.oFT 11.0 - 12.0 w 31.0 - 32.0 FT 

RemIt Error Data 
Rtault 

Error Dh 
Re Wit 

Error Dotn 
Range Qualifer Range QualIfer Range QuPUfer 

2.300 0.22 1.300 0.02 0.730 0.19 

3.300 0.64 1.900 0.44. 1.000 0.08 

127RVO2705 

c0bted: 09m2/92 I Coutcttd:o9lo2l92 
I 

co@ttd: 09/02/92 I- Collected: 09/02/92 

0.0 - 1.0 Fr 

Result Error Data 
Range . QualIfer 

o.o-l.OFr . 2.0-3.0 FT. 6.0.-7.0 F-r 

RemIt 
Error Data 

Runlt 
Error D&l Error Data 

Rnugt QualIfer Raugt Qualifer 
Result 

-8e Quallfc 

1.300 0.15 1.100 0.24 0.640 0.21 0.51 J 

1.600 0.61. 

2.000 0.21 2.900 0.39 1.100 0.04 0.720 0.2 

26.300 5.7 24.300 3.8 11.100 0.09 ,’ 5.400 0.91 
_ 



Table 5-6 (continued) 

FENTROT - som BQR1.y; 27: : .: -_. :. :._ ;:.. :...I. ..I .-. ..: ..:. . . -- 
: i.::: : : _ j .- :... 

Sample Number 127RVO2706 127RVO2703 
. 

tadIologlcaI 

k-226 

h-230. 

n-232 

J-238 

units 

P cik 

PW 

PC&! 

PWZ 

CoIIected: 09/02/92 Collected: 09/02/92 

8.0 - 9.0 FT 10.0 - 11.0 FT 

. Error Data Error Data 
Remit Range Qualtfer . Result Range Qualife] 

1.800 0.01 0.7 J 

1.70’0 0.36 1.600 0.76 

71400 0.91 37.40’0 2.4 

J Indicates an estimated value. This flag is used when a targel analyte is dekckd at a level less 
than the lower limit of quantification. 

U Indicates that the analysis was performed but the abalyte was not detected. The minimum detection 
limit for the sample (not the method detection limit) is reported. 
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Table 5-7.. Soil Around Building F 

_. _ ‘:.:“:>y>:.:‘).: . . . . :.:::: ,.,.:, ;: ::‘.: ,,.. i....; .. .... .. 

.:s ~~~~~.:. ‘(..p:‘...;;:..;,; ;:.: _‘_ ;: 
. . . 

,:. in.. r: 
.‘~ .,.._ ‘1 

.:.>. 2%::: ,:j.,-,. ‘.....A _._.,., :_: : ,.,., 
,“,:::; ‘:::+:,I .:.: :,: ,,. :-; ,. ,~ .p;:: .,:.:. .._ 

:., .:‘:,‘, “$ 
.’ 

,, :,::,: ,_,: ;:::..:: . . . . . . . . . .._ .........I__..,/__. . . .\ .:: ,:. 

: . . t :__ ‘q:. ,:::” : I 

.,, . . . . . . . . . . . . . . .oi...., 

Nmnber ’ 127RVOO701 127RVOO702 127RV00703 

Collected: 09ll1/92 couected: 09/11/91 Coketed: 09/l1/92 
0.0 - 1.0 Fr 2.0 - 3.0 Fr 10.0 - 11.0 Fr . 

Ruult 
Error Dnta Error Data Data 
=Jw Qualifer 

Result 
Range, Qualifer Result lZrror 

be Qualifer 

Uilib 

pci/g 0.630 0.07 0.950 0.33 0.66 J 

Pw 0.720 0.47 0.980 0.56 

PC% 0.69 J 1.600 0.41 1.500 0.92 

PC% 3.300 0.92 3.@0 0.91 UJ 3.9 J 

Sample NUldW 

~diologieal Ullib 

1-226 PC% 

-230 Pw 

-232 I Pa3 

238 Fw 

127RVOO801 127RVOO802 127RV00803 

couected: wlllp3 cdketcd: 09/11/92 collected: lwllJY2 
x0-3.o'FT &O-P.OFr . to.0 - u.0 FT 

Raaft Error Data Ihw Data 
Rnnge Qualifer - Rsnge Qualifer Reauh Ratqe - ‘Data 

Qualifer 

0.800 0.12 0.55 J 0390 0.16 
0.8% 0.56 

1.ooo 0.21 0.800 0.17 ti69O 0.13 
1.800 0.96 IJJ 2.600 0.16 1.400 0.13 UJ 

Sample - Number . 127CV~l 127RV00902 l27RVWBO3 

CoIketed: 091oW92 colketed: oP/ost92 coII~oPpDs192 
0.0 - 1.0 ET lbo-9.oFr 10.0 - 110 Fr 

Result Ermr Data 
Rplyc Qupufcr F Range 

Data’ 
Qualifer - Rnnge - Data 

Qualifer 
Idiological Uldb 

-226 Pw 0.750 . 0.24 0.51 J 

-230 ,, Pw 1.200 0.53 

-232 Pw 1.000 0.19 0.830 0.05 

238 F-3 15.900 4.8 33.600 0.58 

J Indicates an estimated w&e. This flag is used when a target &ytc is ddcd#l at a lcvd less 

U 
than the lower limit of quantification. 
Indicates that the analysis W(IS pcrfomcd but the analyte was not detected. 
limit for the sample (not the method de&&ion limit) is reported. ‘lke minimum detection 

5-51 



Table 5-8. Soil Around Alfa Building 
. 

‘ENTRON - SOIL BORING - 02 
:: 

-:: : 
Slllllplt Numbers 127RVOO201 127RVOO202 127RVOO203 

Collected: 09llltY2 Cowtcttd: 09/11/92 Collected: OY/llt92 
0.0 - 1.0 Fr 2.0 - 3.0 if 22.0 - 23.0 Fr 

Result Error D*tS 
Result Error Data 

Result 
Ermr Data 

Raw Qullurer Raw Qudiftr -we QmBfer 
hdlolo~ghd UJIBS 

k-226 PC% 1.20’0 0.25 0.920 0.11 1.200 0.19 
h-230 PC% 1.800 0.63 

h-232 Pm! 2.000 0.52 1.000 0.03 1.70’0 0.1 

l-238 Pw 5.500 0.98 11.500 0.75 3.7 J 

ypQgjN ~~:~~~~~~~~~~~~~~~~~~~ G& ‘-:-: :::~~.r:-:xi::~~~~-~~~:~:~~~~~~...:~ : ;y : ....‘. : ::, . . . . . :.:‘:.:-:-:.“:‘:.....:.:.~.:.: . . . . . . . . .._. ._ _, ..,_. x: .I. : -:. 
.:,:- ._ 

i.:y: :” : ‘;= ; .~~~~~~i~~~~~~~~~~~~~~~: . . :-. .-.. :-i:- ~-:~-~~:~~~~~:i:i:i:t~~~:~~~:~~~~~~. ~j:i~..:...:;;:.:.-. 
. . ::.: . . . . . ..:.:.~.:.:.:.:.:.:.:.:.:.:.~.:.:.:.:.:.:.:.:.:.:.:.~.:.~ . . . . . . . . . . . . . . . . . . . . . . :gy : __ :::::. :.:.:.: i. ..\. .-. .A:.:..‘. ..;.: y:.:. (f ;.:.. :.A:‘.: . . ..,...... -.. . . . . . . . . . . . . . . . . . . . . . ..-. :. :.. . . . : :. .- _.. (:.:.: -;:-;- :.:.:.:.:.,...... :,:.:.~.:.:.:.:.:.:.:.:.:.,..:~:~~:::.:::.::. . . ;j:.. 

-.:.-.- :.;.::.: : .:.:.: . . L :i :.:....‘~~~~~‘~~;;~::, 
\ .,:. ..; .,.::,,: ..::::..::;:::::::. 

. . . . . .A.. ..v.......... . . .._ . . . ,.._ .i.. is.... . . ..-... 
.:-: -:-:‘.:.:.‘.:--.>.. ,.a . . . . . .,_,.....,.,_ -. .:.:: :.::. . . . . . . : 

::i:.:.:-:::::-.......,.- . . . . . . ..“..........‘.~.. ::.::,:.:.:.: ~:::::::.:.:..~:9~.:.;.:.:.:.:.:.:.:.:.:.:,:.:,~.;: :::: / / .- . . . . . . . . . :.:::::..-.~::-~~~~.~-~‘.~ . . . . . . . _...._.... ~ -.:. I’i:p’;_.. . . . . . . :.::::::~:::::;.j ;.;::.:.:.i:.:.:.: . . . . . . . . . .._............. ,_, _: .“” . . . -,-:: :... -..:... . . . . . . . 
.-:::::~::::::.:.?...- . . . . ..,.. . . :. . . . . ..-.. y;- 

. i......,_,i_,,: -;: :::..i --i:......:... . ...) _.,....._........._.,... {.y,;.~.~.;.x.:~ :: :,. ;:::-- .. . . . . . . . . . . . . ...-.-..: ..:.:.:.:.. . . . . . , . . . . . . . . . . . .._....... 1~ ,...-, I.-.. :...::‘.:-z.:.:.:.:.:.:.:.:.:.:3>: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~. x . . _. . . ..l...> i....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~~... . . . . . . . . . . . . . . . . . . . . . . . . . . ..:. . . . . . . . . . . . -:._ -... 
:: .::. :::.:.: . . . . . . .;.:.:.: . .._ ..:............... . . . . .::.: . . . . . . . . . . . . . . . . . .._ c . . . . . . . . -.- ..:..:. . . . . . :..::.. ..:...:$i:i;: . .._ . . .:-.-ii . . . . . ;..i,-L*,l.: . . . . . . . :.:. :.:,‘-.::::--.-::::::::..~~: ..::. . . . . . . . . . . . . . . . . . -. ,,, .,. ---. ._- ,,_,, . .._ . . . . . . . . :. .::.:: :“.: :~ :::::..::.. . . . . -... _.. ..-.. . . . . . . . . 

::..: :.:.:.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :.: . . . . . . _.,_. :.:.:.:..:..~..:.:~.): _;,: ,.,.. .._....._ ._..... ..,., ,..... -...- . . . . . . . . . . . ..-........... -...-... .- . . . . . . . . . -.-. . . . . . . . . . . . . __ .__.._ :.: :..: .:..:.. :.::;:. ,.:.:.:.:.:.:.:.Y.:.:.:.:.:.:.:.:.: 
Sample NU3llbl.S 127RVOO301 127RVOO302 127RVOO303 

Collected: 09mw92 C&&d: 09/08/92 Collected: 09/08/92 

o.o- l.OFr 4.0 - 5.0 FT 12.0 - 13.0 Fr 

hdiolo&al U&S 

k-226 pci/g 

h-230 pci/g 

h-232 Pm3 

f-238 Pw 

Resalt 

0.820 

1.600 

0.890 

14.300 

Error hta 

J-w Qdftr 

0.05 

0.6 ’ 

0.14 

0.13 

Rwult 

1.500 

1.500 

41.400 

Error I)& Error Dh 
Range Wtr 

Remdt 
ME- QmBfer 

0.13 0.790 0.07 , 

0.39 0.940 0.25 

4.2 2.200 1.6 UJ 

.,... ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~:~~i::o .~~~~~~~~~~~~~~~~~~~~~~~::~:~:.: ;“~~z~~~~~~~~~~~~~~~:~~~~~~~~~:: 
i:t:,~,: ” . .: .,.,.,..._ ::.. :..::~:~:~~::~:~~:::::::~:::::::.: :.:.:.:.:. i.;$:g.z$.: ::;o;:;: : . . . . . _... ,_/ -:.-I i.:: : : :. .. .~-‘-‘--.---.-.-.~.~.~.~.~.~-~.‘.~.-.~:-~~~~.~:.:.:.~..;.: ‘1.. ..-..:..: :: : : >>:.>: . . . . . . . . . . . . . . ../......... ..,. . . . __ _ _.._., -.-%:.A:. . . . . . . . . . . . .> 

Y:.:+: j .‘: ::. -. : .- . . 
:?:“‘.“T”‘. :.:-::..c:.:-:-. .: . . . . . ):.~~..:.:.:.“.:.:.: . . . . . . . . . . . . . . . . . . . .\ . . . . . . ..‘.............~.~.~.~.~ ,:,... : 

. . . . . . . ..:....,.,..... m:.:.:.:.:.:.:.:.:.:......:.;y......,:.~~ ,........._:. -- /. -..: .:.. .: :.:-: :.~.;.:.:.:.:.:.:...-.: . . . . . . . . . . . . . . . . . ..“.‘...................~. x . ...:::. . . . ..~‘.~....:.:.~.:.:.:.~.:.:...:.:.:...-... A... :. : .-:*::::..: .:,:.:.:,..-.. -..:: :... .;:: . . . . . . . . . . -,-:........ i._..____._ ‘. __._,_.__:;: i,._,._. -: .:..:. ..:. L... ..:. 5: . ..~...~.,.~.....,...,.‘.‘..,~. E ,::: i: /.‘:: :.:. . . . . . .: .;.. ,:,::.:~::::a:::::::~::::::~j-~:::::::::~:.:.:::::::::: :.:.:. :.: .:.:.: ..:.. ..- .:‘::..’ . . . . . . . . . . ..______i._._._.......... -...- . . . . . . . . . -. ..:: -- : t:t:. / : -- -. 
.-..c.-. -:. :::. : ~X.;E.:;!.~~~.~:.:.:.:.:.:.~~.:.:~.;.;-~.:.~.:-:.:.:.;-~:-:-:.:.:-. . . . . . . . . . . . ..:. . . -: . . . I:.:.:.:.: :i’...‘l-. .:.:.:.:.:.:.:.:.:.:.:.:::.-:.......:.~~:.:-:- :i ::-:-.--. : . .._ :. : : 

.- .-. . ..-.. .-. .-. .-.. .--... ..-. . . . . ..-.. . .._... __.... __i ., . . . . . . . . . . . . . . . . . . . . . ..- :..:... :./_ ___....._ . . . . . . . . . . . .._......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .....*.......... ........ . . . . . . . . -...:-:.:-:.~.:.::..:.“:,:.:.:.:.:.: .:.:.:.:.:.::,:.: .::.:.: _: . . . . ) ..-. :;, j; .: .... .i .A.. ..- -....i...-.j-.- :.. . . _. _._. _. .___. .- :: : : : 

Ehlplt NmnberS 127RVOO401 127RVOQ402 127RVOO403 

colbxted: OPmwY2 colb?cted: oYtow92 Collected: 09/08/92 

0.0 - 1.0 Fr 2.0 - 3.0 Fr 11.0 - 12.0 Fr 

ndlologlcll 

a-226 

h-230 

h-232 

J-238. 

IhitS 

Pw 

P-is 

ml3 

fli.43 

Result 

0.670 

I.300 

3.200 

Error Data 
Range Qpnufer 

0.19 

0.27 

1.1 

Result 

0.820 

1.6Q~O 

0.910 

10.900 

Error Dti 
Rwze QnrELTer 

0.19 

0.62 

0.17 

2.3 

Rtmlt 

0.720 

0.740 

4.700 

Error 

-ge 

0.23 

0.43 

1.4 

DAI 
QurliFer 



Table S-8 (continued) 

ENTRON - SOIL BORING - 05 .: .., ..-..... I... ̂.. - ,... ,,- I . 

Sample Numbers 

RadfologtcPl Ullh 
Rd-226 Pw 

l-h-230 pci/g 
Th-232 Pw3 
U-238 Pw i 

_: . . 

127RVOQiOl 

Collected: 09/l&92 

0.0 - 1.0 FT 

127RVOOSO2 

CoPected: 09/14/92 
7.0-8.OFT 

Result Error Datn 
h?F Qupllfer 

RemIt Error 
hte 

DItp 
QtarlVer 

2.100 0.58 1.100 0.06 

1.500 0.64 

16.700 1 . 1.300 0.16 

26.200 0.9 27.700 1.1 

127RVOO503 

Colkcted: 09/l&92 

12.0 - 13.0 FT 

Result Error 
Range 

Deb 
Qmlikr 

1.000 0.03 

2.501) 0.79 

1.600 0.37 

27.200 0.97 

c0uthd: 09nm c~neiettd: o9nim c0wtd: o9nm2 

127RVO3003 

Collected: 09nm2 

Unns 
PC& 
PC& 

Pw3 
pci/g 

Result E-mr D&I 
Rtnge QmUfer 

Lilt Error Date 
Range Qualifer Result Error 

Range 
Date 

Qualifer Result Error 
Rnnge 

Data 
QuaBfer 

1.200 0.08 0.73 J 1.200 0.1’1 

1.800 0.63 0.610 .0.42 

2.300 0.44 1.400 0.12 1.500 0.13 

7.800 1.5 10.100 0.15 18.300 1.1 
‘. 

Sample Numbers 127RVO3301 I 127RVO3401 

c0kttd: 09n2m2 cokted: 9nm2 

I o.o-0.5F-r ! o.o-0.5FT 

I Result Error Deb Errar . Data 
tire Qualifer I 

Result 
Rsnge QmBfer 

% 

diologknl 
a-226 

-232 

Units 
Pci/B 

PC% 

1.9 J 1.1 J 

84.900 8.2 22.000 0.76 

127RVO3501 

Collected 10/14/92 

o.o-0.5FT 

Rtmu Error 
Rmle 

1.300 0.29 

22.700 1.5 

11.200 3.1 

D&l 
Quellfer 

J Indicates an estimated value. This flag is used when a target analytc is detected at a level less than the lower limit of quantification. 
u Indicates that the agalysis was performed but the anal* was not detected. The minimum detection limit for the sample (not the method detection limit) is reported. 



Table 5-9. Samples from the Baseme& of 11 and 15 Cbngress Street . 

ul 
bl 
P 

iO&.B.ORI.t$GS - 37 and 38 .,.:.... .- -- -:: 

Collected: 10/20/92 collected: 10/20/92 

0.0 - p.5 ET 0.0 - 0.5 B-r 

Station: 037 Station: 038 

Result 
Error Data 
Range QnnlIfer Result 

Error 
=wF 

Data 
Qpaurer 

bdlolo$cal 

k-226 

k-230 

L-h-232 

J-238 

Uti 

pcilg 

Pcifg 

PC% 

PCiJP 

0.860 1.1 J 

1.500 0.11 0.760 0.47 

0.85 0.62 J 1.300 0.22 

3.9 J 7.2 J 

sani;:jCfC)~~?B.J~~.~Oi-~~ :~~dli;..i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~,~-:~,~~-~:~:~. ; 1.: :::-;:- :-.. -- y: : 1. .- ..- -. 
.:. . . ...>-. ; ,:.:. :.., :. :- .: ,.:.: :2 ::: . . : ..:. :;.>. 

: .: .. : .- 
..::: -2 :- : :.>. : .y.: : ,-::::~y~:~:~.~ :i .. I.. :: -:: ;- ..-:.. _: ~:: i::- ::.<!.? . . . . . . . . ...;.- :.:-.:.:-::...:...:.:::~:::.::~::.: ..:.. -.:~:.:~:i~:~:~:~:~:~~.~:~:.:.:.:...:.:.:.:.:.::.::.:.:.:.:.:...:.:.:...:.:.:.~.-.:.:.:.:.:.:.:.:.i.:.:...:.:.:.:.:.:.:.:.:.:.-.:.:.:.~.:.:...-~..- .A: :::::~::~.j.:::g:li :- :.::: -::::j .. :. : .: -.- . . . . . -.-.-.- . . . . . . :.. .:: :.-,.. . . :; :: :, -:: : . .._ -...> :, .. . . . :.. . . . . . . . . .../ ::.:-. : ..:./... I . . . . . . . . . . . . . . . ::. . . . . :. -:..: .:: :.. ..: . . . . .../ . . . . -.- :-: . . . . ::. ./-.- .:..:... :... . . . . :-:.-:-: . . . . i.; ;-:.::: ..\ ..:.. -. .- . . . . . . -... z.>..i.z-;:::y: ::--.: :: .: j.::: ,., . . . . . . ., ::, ,.i: . . . . .-‘:,:i-;: ( . . ..:.- . . )i :. ..:. . . .._ .-.-.:.-.:.. ::::.:: ‘:~.;::.:-.: . . . . . . . . . . . .-.-,..-: ;.:::.:.:.-:.:::..: :.:.:.:.:.:.:.:. .:.:.:.:.:... .:.:.: :.: ::... :.:.:.:.:.:.:.:::.:.- :.:.:.:.:.:.: .:.:.: :.. .:_ ::: . . .:.. . -. -: .: 

Sample Nmber 127RVO3901 l27RVO4001 127RVi4101 127RVO4201 

conectedz 10/20/92 c0nteted: 1onoi92 Collected: 1Ol2Oi92 Collected: lOL?Ot92 

0.0 - 0.5 F-r 0.0 - 0.5 FT 0.0 - 0.5 Fr o.o- 0.5 FT 

S&ion: 039 Station: 040 Station: 041 Station: 042 

Result Error Data Remit ’ Error DPtr RunIt Error Data Result Error Data 
wee Qualifer Jw!e Qllnllfer -we Qnalifer Range Quatifer 

Wiologlcal 

La-226 

‘h-230 

I.232 

T-238 

0.640 0.01 0.69 . J 0.580 0.11 0.990 0.16 

0.570 0.39 2.400 a79 0.970 0.5 0.910 0.47 

0.910 0.08 1.2010 0.37 0.82 J 1.200 0.3 

7.0 J 2.400 0.17 UJ 4.2 J 8.8 J 

I 
U 

Indicates an estimated vabx This flag is used when a target rhalyte ia d&x&d at a level less than the lower limit of quantification. 
hlicat.ed that the analysis was performed but the analytc was not detected. The minimum detection limit for the sample (not the method detection limit) is reported. 



Table 5-10. Surface Soil Samples yite Concentrations of 
Th-230 or Th-232 > 5 pCi/g or U-238 > 50 pCi/g 

NA = Not analyzed 

. 

FwmP1122895 5-55 



Table 5-11. Subsurface Soil Samples with Concentrations of 
Th-230 > 15 pCi/g or U-238 > 50 pCi/g 

,:,:,I ::,, ,y.:: ',,'."'.',":.. ": :. : : ,: :~:',,~""::1:':;:,;:,:;:~:.,:,: ,I:,;, 

', :,,, my'.: .A', :, TV',, :.'. ::, .,::: ,: 
,, ,,:: ~~.>,,, 

I,. .':,' f.,'~ :,' .; ,:,,, ,"$ 

::+: ,::: ;r:l~~~~:~*~::l.ill,.:'i 
,,,,,:,,,, ,,:, 

: ;, ,: : ), 

,&&& ,,+:: foi$:j :: ,:::&&m*i& ', : ;,,,;..;qftj )I', Th-232 U-238 

SB:24 3 - 3.25’ 0.880 1.2 119.0 

3.75 - 4’ 0.850 1.2 186.0 

SB-22 . 0 - 2 . 1.5 5.9 13.5 60.9 

SB-14 0 - 0.5b 0.940 ‘44.5 1.10 190.0 

l Depth below basement of Building C-2. 
b Depth below basement of Building A-l. 

I PuSO92Pl122995 5-56 



Table 5-121 Harbor Sediment Samples 

0.0 - 0.0 0.0 - 0.0 Collected: 10/13/92 
Station: 0801 0.0 - 1.0 m 0.0 - 1.0 Fl- 0.0 - 1.0 F-r 

Radldogleal 
h-226 
Ill-230 
-Ihnilml 
U-238 

Jhw Da 
RI?SII# Itngc Q 

brm Dab 
Udik 

l!hlW 
RerUtt 

mte 

Units 
Renge Q ualifer 

Error 
Result Range 

Data 
Qurlifw 

Ehlr Date 
Result Raw Qualifer Result Range QOdik 

g 
0.69 J 0.64 
0.730 

ii 

0.490 0.56 0.02 0.440 0.51 
0.59 J 

0.910 0.47 
0.840 0.24 

1.1 J 0.84 0.780 0.54 0.250 0.43 UJ 
pcvg 2.600 0.98 J 4.3 : 0.630 0.04 0.75 J 

3.2 3 
0.9 J 

4.5 1 4.8 I 

J hIdkate% an estimated value. 
U 

%is flag is used when a target analyte is detected at a lqvel less than the lower knit Of quantification. 
Indicates that the analysis was performed but the analyte was not detected. The minimum detection limit for the sample (not the method detection limit) is reported. 



Table 5-13. Mussel Samples 

I . Indicates an &hated value. This flag is used when a tar@ analytc is detected at a level 1~~8 than the lower limit of quantification. 

U Indicates that the,analysis WBB &formed but the anal@ Was n& detected. The minimum detection limit for the sample (not the method detection limit) is reported. 

r 
w 
m 
0 
0 
ul 



Table 5-14. Sewer: Line Sediment Sarhples 

cdltied: ltYw92 cou+d: lO/lJ192 CoMected: 10/14/92 I couected 
o.o-0.5m 0.0 - 0.5 FT 0.0 - 0.5 m 
Station: 036 

0.0 - 0.5 FT 
statknli 036 StatEon: 036 Station: 036 

Data Data 
RWdt ErrorRange Q 

Data 
uaufer Rtdt 

D&3 
Enw Range Qudifer Rt3dt Emor Range QualIter Result Error Range Qualifer 

f Indicates an estimated value. This flag is used when a target analyte ia detected at a level less than the lower limit of quantification. 
U Indicates that the analysis was performed but the analyte was not dettied. The minimum detection limit for-the sample (not the method detection limit) is. reported. 

0.640 0.2 
I 

0.550 0.05 
I 

O.&IO d.11 
. I 

0.530 I 0.04 



Fuso92Fv122995 

Table 5-15. Gamma Exposure Rate Survey Results” 

,. ‘, ,,’ :’ .:, ,:,, 
,,;(,:‘..~...: ,,., ::..c: . . ‘...:.‘.’ 

.,, ;. .;, ., 
.., .,, ),W,,, ,,:,,: :.:, ,(:‘:.:, ,,,, (;,:,:,,,j.‘:: ., (,,, :::,“::.~:‘..;:::: ,.,.,.; .i..?.,......... .,.‘f .:::.::::j.:::. ;:>I::; ,:,,,,,,, ‘..,*, ,:i’:~::,:::,:..::,:.:.:.‘:~::::::,’,’,: ‘) ,.’ ,: I ,,, : j, ,‘: Gamma Exposure Rate 

,:;, y;l;, :B~lilritigi~,i:rp::~,~~: 1: ~:‘:fi&jo&&~m ,y (CrRlw 

Building A-l 3 20.70 
4 14.10 
6 13.70 
8 13.00 

Building A 20 12.10' 
20 14.20 
29 15.90 
30 10.00 

AlfaBuilding 2 15.00 
2 12.50 
6 11.90 
6 12.80 
LSA West 12.40 
LSA North 10.20 
LSA East 10.50 
LSA South 16X 

Building B-l Basement 15.80 

Building B-2 Basemeht 15.40 
Basement 32.30 

Building C-l Basement 15.30 

Build&F west wall 11.80 
East wall 16.40 
south Wall ’ 12.60 
North Wall 12.30 

’ Background measurements have not been subtracted. 
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Table 5-16. Radon-222 Concentrations 1 

:_ iii.. iii.. .i. ._ :... 
,,.,., ,:~:: . . . . . . . . .,>:.:.+ :,.,. .::., :::,..~,~~~:\i.‘:,::,j:::-iir::;;:.‘: ::; :yy:.:: ::.::: 
.:,:.:.:. ,t. . . . . . . ..,._.,. ,,,):,:*_,,,,: :,f :y,,:,:. _i. ..:. :x.:.:x.::->:.,: ,_ ,,j. ,,y.+ ..i.. . . . . . . . .*. p.::. ..;:.::. :...:j.:.:::.,.:.: ;:, .:.::,&&& “Rdon Cdr;centration ..: I\. ;.. . . . : :,<.;,y >:. ..,,, . . . . . . . .,.. .i ..?... ‘x.:;:...::‘:.: :_. ., ..:i,~.:~:~.~:l,::::::~..-~ ,:.., y::; :‘;:, 
pG:;,;,;$;,czi I:ii~~~i~~~~~~:,~,~~~~ + ‘j;: i&n&& ., ,I ,. : ; ‘,:{pCi&) 

‘ 
Building F Basement . 3810 
Alfa Building Room 2 3799 
Building A boiler Room 3816 
Alfa Building Basement 3825 
Building B-2 Basement 3904 
Building C Basement 3910 
Building A Packing Room 4121 
Building A Drying Room 4151 
Building A Fan Pit 4202 
Builti A Librarv 4233 

0.78 
0.19 
0.01 
4.34 
1.00 
0.90 
0.15 
0.35 
0.58 
0.50 
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Table 5-17. Ventron Building Survey Results 

-.. Lofafio+;.. 
Building A 

Building A-l 

Alfa Buildii 

Build& F 

Buildixu C 

Building C-l 

Building B-l 

B-2 

Overhead 43 43 . 0 4 5 5 0 0 

Floor (10 rooms, basement) 86 86 0 74 75 75 0 0 

Horizontal surfaces 59 59 0 ‘11 11 11 0 0 

Walls 38 38 0 0 - - - - 

Overhead 15 15 0 o-.- - - - 

Floor (rooms 2,6) 18 18 0 0 - - - - 

Horizontal surfaces 14 14 0 1 1 i 0 0 

Floor (basement) 17 17, . 0 0 - - - . - 

Plow (basement) 13 13 0 0 - - - - 

Floor (basement) 26 26 0 0’ - - - - 

Floor (basement) 33 33 0 0 1 1 0 0 

Flo’or (basement) 52 52 0 0 - - - - 

Root (basement) 44 44 0 0 - - - - @ 
.-_ 

Summary: Total Measurements 1 1756 1756 12 1453 1474 1474 0 0 II’ 
VW 

Source: BNI 19!93 0 
ul 



6. 1993 AND 1994 HARBOR Sl+dENT SAME’LING 

Additional sampling of the harbor area was conducted by DOE in 1993 and 1994. In 
September 1993, Morton collected numerous samples in the harbor area for hazardous 
constituent analysis. DOE split samples with Morton and prepared two composite samples. The 
samples were collected west of Building C-l. The first composite also consisted of five samples 
@S-l through SS-5) collected at low tide at a depth of 0 to 2.2 ft. The second composite 
consisted of five samples (SS-6 through SS-10) collected at a depth of 0 to 1.5 ft next to the 
seawall. The results of the two composites are shown in Table 6-1. All resuhs are below 
50 pCi/g of U-238 (DOE 1993b). 

In 1994, 22 sediment samples were collected from the harbor during a joint sampling 
effort by DOE and Morton. Sampling locations are shown in Figure 6-l. The samples were 
all collected manually, half of them with a hand auger and the rkst with a trowel, at a depth of 
0 to 1 ft below the surface. The first four samples (127-SD-1 .to 127-SD-4) were collected from 
a distance ranging from 30 ft to 60 ft southwest and northwest of the outlet pipe in the seawall. 
Sample 127-SD-5 was collected directly below the seawall. The ,next five samples (127-SD-6 
to 127-SD-lo) were collected right next to the seawail from 2 ft to 10 ft‘north and south of the 
outlet pipe. The next set of samples (127-SD-11 to 127-SD-15) was’ collected further out at 
distances ranging from 60 ft to 300 ft fkom the seawali. Sample 127-SD-16 was collected about 
50 yards from the bridge to Salem. Samples 127-SD-17 and 127-SD-18 were taken from 
sandbars, adjacent to the beach and 100 yards from ‘the seawall, respectively, The rest of the 
samples (127-SD-19 to 127-SD-21 and 127-SD-23) were collected in the main channels of the 
Bass and Danvers Rivers. The results of the sediment samples are shown in Table 6-2. All 
results are below 50 pCi/g of U-238 (DOE 1994). _ 
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Table 6-l. Concentrations of Radionnclides in Composite Sediment Samples 
from tbe,Harbor Ar&a 

Sample Number 

127-HG-001 

127-HG-002 

Ra-226 @G/g) Th-232 (pCi/g) U-238 (p&/g) 

0.46 f 0.1 0.62 & 0.18 18.66 f 2.61 
\ 

0.59 f 0.11 0.66 9 0.22 24.01 5 2.84 

II Source: DOE 1993b II 
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Table 6-2. Concentrations of Radionuclides in Sediment Samples 
from the Harbor Area 

Source: DOE 1994 
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7. CHARACTERIZATION EVALUATION 

In this section, the data collected during the DOE 1992 sampling event is summarized 
and evaluated to determine if it meets the data needs set .out in the characterization plan (DOE 
1992). The entire data set is then evaluated with respect to the following essential eiements of . 
SAFER: the conceptual model of the site; the knowledge gained by the most recent rounds of 
sampling (incorporation of new knowledge to eliminate data deficits); and the uncertainties still 
in existence ‘or those which have arisen because of the most recent sampling. 

7.1 CEIARACTERIZATION DATA SUMMARY 

7.1.1 Site Soils 

.- The surface and subsurface site soils were sampled by ORNL in 1988 and DOE in 1992. 
The characterization data for these two sampling efforts are comparable. 

Locations of surface soil samples collected during the 1988 and 1992 sampling events that . 
contain Ra-226 or Th-232 greater than 5 pCi/g and U-238 greater than 50 pCi/g are. shown in 
Figure 7- 1.. The highest surface soil radionuclide concentrations were reported for samples from 
the southwest and southeast corners of the site. The majority of the elevated.Th-232 in the 
surface soil is located south of the Alfa Building. The majority of the elevated U-238 in the 
surface soil is located south and southwest of Building C-l. The ORNL 1988 sampling detected 
concentrations of Th-232 greater than 5 pCi/g northwest of Building C-4 (B5). This elevated 
Th-232 was not confiied by the DOE 1992 sampling (SB-27 collected in the same general area 
contained Th-232 of 2.0 pCi/g). The ORNL 1988 sampling also detected concentrations of 
U-238 greater than 50 pCi/g north of Building A-l (B6) and east of Building A in the area of ’ 
the former chemical storage tank (B9 and S8). Samples collected by DOE in 1992 did not detect 
concentrations of U-238 greater than 50 pCi/g in these regions (U-238 of 10.5 pCi/g for SB-17 
and 4.7 pCi/g for SB-6). 

Locations of subsurface soil samples collected.during.the 1988 and 1992 sampling events 
with Th-230, Th-232, or RaL226 greater than 15 pCi/g and U-238 greater than 50 pCi/g are 
shown in Figure 7-2. Subsurface soils containing concentrations of Th-230, Th-232, or Ra-226 
greater than 15 pCi/g or U-238 &eater than 50 pCi/g were detected south of the Alfa Building; 
under Buildings A-l, B-l, B-2, C-l, C-2, between the B Buildings and the seawall, and between 
Building C-l and the seawall. The maximum depth of elevated radionuclides measured under 
the basements of Buildings A- 1, B- 1, B-2, C-l, and C-2 are approximated below: 

l Building A-l --, 15 cm (0.5 ft) 
0 Building B-l + 105 cm (3.4 fi) 
l ’ Building B-2 + greater than 215 cm (7 ft) 
l Building C-l + greater than 215 cm (7 ft) 
0 Building C-2 + 122 cm (4 ft) 

I FuSO92P~122895 7-1 



7.1.2 Harbor Surface Water/Sediment and Biological Samples 

The’ radionuclides in the surface water samples from the harbor are comparable to 
background concentrations except for one unfiltered sample collected by DOE in 1992 which 
contained 10.6 pCi/L of Ra-226 (the filtered sample contained 0.41 pCi/L of Ra-226). 

To date, there. have been four sampling events at the Ventron site that have included 
sediment samples from the Beverly Harbor. The 199 1 ORNL sampling was conducted to 
determine if uranium from work performed under MED contracts at the Ventron facility had 
migrated offsite. Samples were collected by DOE in 1992 to bound the extent of sediment with 
elevated levels of radioactivity. The composite and discrete samples collected by DOE in 1993 
and 1994 duriug Morton’s sampling activities were to determine if Morton’s sampling activities 
would be impacted by elevated levels of radioactivity in the harbor sediments. Of these four 
sampling events, only the samples collected by ORNL in 1988 showed concentrations of U-238 
greater than 50 pCi/g. The impacted areas identified by ORNL are south of Building F, south 
of Buildings B- 1 and B-2, and south and southtiest of Building C-l (see Figure 4-7). 

Radionuclide levels in biological samples collected from the harbor in 1988 and 1992 are 
comparable to background. 

7.1.3 Sewer Line Sediment 

Sediment samples from manhole inlets ‘in the site’s storm water collection system, located 
between Buildings A and B, were collected by DOE in 1992 and analyzed for radionuclides. 
All results were comparable to background. The 1988 ORNL sampling detected elevated levels 
of Ra-226 and Th-232. 

. 
7.1.4 Buildings 

Buildings on the site have minimal residual alpha activity (on surfaces) above DOE 
guidelines and have no removable residual radioactive material above the DOE uranium 
guidelines (i.e., only fixed beta-gamma levels exceeded guidelines). 

Areas of surface radioactivity levels in excess of the remedial objectives were detected 
in Buildings A, A-l and one location in the Alfa Building. 

7.1.5 Offsite Properties 

All surveys and sampling of the offsite properties have shown radioactivity levels below 
guidejines. 

FTJSO92P/122895 7-2 



p=F;-;-- i g$p, -~ -7.1.6 Buil$inqA k@ Piles : $;’ . ~-*-. L=~ I : i .:.- .L ;.:.. . ..~ *:. -..-, . . . . -. -:> L 2 _, Li.==’ -. yy.. ..-‘:. .:_ -_-: ,,. ,~ a_ -.; ;’ ( ;.c--;< : .f~ y..~r -. -; ~:- _~ 
The SampleS from the ash piles showed Ra-226 concentrat&s greater than 5 ‘pCi/g. 

~- Elevated levels of calcium, magnesium, potassium, and sodium were detected as well as elevated 
2 metals. One sample showed elevated~ levels of TPH and dne sample failed the RCRA ignitability 

- _ _. 
_~ 

test. _ . .- .> 
7.i.7 New Area -_ 

: - . _ :‘ -.- .: 

For the l-992 DOE characterizaticn the area e&t-of Buiiding~ D, which was not one of 
the original areas of concern, produced some elevated readings ‘in the gamma walkover survey, 
Since no soil samples have been taken from the--area, this area will require additional 
investigation. This new data need is considered a reasonable uncertainty and will be met at the 
time of remedial action. 

7.2 DATA NEEDS 

The data’needs identified in then DOE characterization plan along with the data obtained 
curing the 1992 characterization report are presented in Table 7-l. 

Btied on ev&uation of the information presented in Table 7-1, all of the data needs 
identified in the Ventron Charucterization Plan (DOE 1992) have been met. 

_- 

With the data needs as defined in the Ve&m ~i?haracterization Plan (DOE 1992) met, 
the conceptual model of the site and each of the buildings can be updated. The knowledge 
gained has filled in data gaps identified in the -characterization plan. Refinement of the 
conceptual model through application of new information and elimination of data gaps is the key 
to the SA,FER pro&s. 

Figure 7-3 presents the revised conceptual model which incorporates all information ---*~--. gained from all chtiacterrzation ‘data t0 da& The conceptual model shows the relationship 
between the primary sources, release mechanism, and the potential pathways to human and 
ecological receptors. The above ground chemical tanks and the storm and sanitary sewers have 

~ ~~ been removed as potential sources since they were found to be unlikely contributors, given the . ~~ current knowledge~of the site. The area east of Building D has been added as a potential source 
as a result of the elevated scans described~above. All of the potential pathways for human and 
ecological exposure remain. The soils and sediment areas that are potentially contaminated, 
based ,on sampling conducted to date, are shown in Figure 7-4 and are similar to those’ identified 
by .t.he ORNL 1988 sampling. 

i ? 

.-i ~~ _ 
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Table 7-l. 1992 Characterization Data -Needs and Results 

.Area of Concern 

Buildings A and A-l 

DataNeeds * Data Obtained 

Characterization of ash piles in basement of Ash piles: 
Building A . Ra-226 > 5 pCi/g 

0 one sample failed RCRA ignitability test 
0 elevated levels of magnesium, potassium, 

and sodium 
l elevated metal concentrations (chromium, 

lead, nickel, zinc) 

Makeup of basement floor of Building A 
(concrete, soil, etc.) 

Ash piles lie .directly on soil/bedrock. 

Extent of residual radioactive material in 
Buildings A and A-l 

Building A has elevated levels of radioactivity on 
first floor surfaces, floors, tialls and overhead 
surfaces. The basement level -of Building A has 
elevated levels of radioactivity on walls. Building 
A-l has elevated levels of radioactivity on floors, 
walls, and overhead surfaces. 

Extent of residual radioactive material on Elevated levels of radioactivity detected on 
equipment horizontal equipment surfaces in Buildings A 

and A-l. 

Buildings B-l, B-2, and B-3 Extent of residual radioactive material in 
basement 

: 

: Extensive areas of elevated readings shown in east 
half of Building B-2 basement extending into 
Building B-l basement. Building B-l basement 
also showed elevated reading near center of ro’om. 
No reading over twice background detected in 
Building B-3 basement. 

Presence of hazardous and/or mixed waste in 
fill/soils beneath basement floor 

. 

Soils directly under basement flo’or of Buildings B- 
1, B-2, and B-3 were not sampled during DOE 
1992 sampling event. Soils northeast of the B 
Buildings showed no hazardous or mixed waste. 



Table 7-1 (continued) 

Area of Concern . * Data Needs Data Obtained 

Buildings C-l, C-2, C-3, and C-4 Extent of residual radioactive material in 
basement of Building C-l 

A 3- to 4-m2 area containing elevated radioactive 
levels .was,detected near the southwest corner of 
the basement of Building C-l. 

Extent of subsurface fill/soil contamination Elevated levels of radioactivity detected beneath 
beneath Buildings C-2, C-3, and C-4 Buildings C-2 and ‘C-3. 

Presence of hazardous and/or mixed waste in Soils directly under the basement floor of the 
fill/soils beneath basement floor C Buildings were not analyzed for hazardous 

waste constituents. Soils to the south of Building 
C-l failed the TCLP limit for lead. 

Alfa Building 

\ 

Presence of U-238, Th-230, Ra-226, and 
hazardous waste 

One pmnp in Room 6 contained elevated beta- 
gamma radiation. Surface soils to the south of the’ 
Alfa Building contained Th-232 > 5 pCi/g and 
U-238 > 50 pCi/g. No Th-230 > 5 pCi/g or 
hazardous waste constituents over RCRA criteria 
were identified. 

Building F (former Foundry) Extent of residual radioactive material in surface No Ra-226 or Th-232 > 5 pCi/g or UL238 
andsubsurface soil beneath and around building > 50 pCi/g detected in surface or subsurface soils 

beneath or around the F Building. 

Loading/Storage Pad and chemical storage Extent of elevated levels radioactive and No Ra-226 or Th-232 > 5 pCi/g or hazardous 
tank adjacent to Building A-l hazardous waste coustituents in surface and waste constituents exceeding RCRA criteria in 

subsurface soils surface or subsurface soils. One surface sample 
containing U-238 > 50 pCi/g detected north of , Building A-l. 

Former Chemical Storage Tank location 
adjacent to Building A 

Extent of elevated levels of radioactive and 
hazardous waste constituents in surface and 
subsurface soils 

All chemical analysis parameters for surface soils 
within the range of background except for nickel; 
zinc, and aroclor-1254. No hazardous waste 
criteria exceeded for surface or subsurface soils. 
No Ra-226 or Th-232 > 5 pCi/g or U-238 
> 50 pCi/g detected in surface or subsurface soils. 



Table 7-l (continued) 

Area of Concern 

Loading/Storage Area between 
Buildings B and F 

Data Needs 

Extent of elevated levels of radioactive and 
hazardous waste constituents in surface and 
su~smface soils 

Data Obtained 

No Ra-226 or Th-232 >5 pCi/g, U-238 
> 50 pCi/g or hazardous constituents greater than 
RCRA criteria detected in surface or subsurface 
soils. 

Storm. Water Sewer System Extent of residual radioactive materials 
(specifically from Building A and A-l) 

No Ra-226 or Th-232 >5 pCi/g or U-238 
> 50 pCi/g. 

Tidal Flat (Harbor) Sediments Extent of residual radioactive materials and Levels of U-238 > 50 pCi/g in the harbor 
hazardous waste constituents sediments is bounded within 50 ft of the seawall to 

the south of the B Buildings, and west of the 
C Buildings.. 

Mussel Beds/Surface Water Presence or absence of radionuclides above 
guidelines 

Mussel beds shown to be at background levels. 
One of 5 unfiltered harbor surface water samples 
contained Ra-226 concentrations greater than the 
MCL. 

Source: DOE 1992 

I 
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8. REMEDIAL CONDFOS AI’jD DECISION’RULES 

~ 8.1 REMEDIAL CONDITIONS 
3 E 

Preliminary remedial conditions based on the characterization data to date are presented 
in this section. The exact remedial alternatives will be developed, evaluated; and selected in the 
EEKA and coordinated with Morton. DOE has authority at the Ventron site for the remediation 

, of materials containing greater than 50 pCi/g U-238. The remediition of materials containing 
elevated levels of Ra-226, Th-230, or Th-232 will be negotiated with Morton. 

Harbor Sediment 

Sediment samples from the tidal flats and. river adjacent to the site have produced 
evidence of elevated levels of radioactivity attributable to MBD-related activities. Tbe ORNL 
sampling in 1991 showed three areas of impacted sediments. The DOE 1992 characterization 
effort bounded the impacted areas to be within 50 ft of the seawall and confiimed that the mussel 
population was not impacted. The exact area to be remediated will be determined during 
remedial activities. 

Sewer Line 

The stormwater sewer system exhibits no sediments with radionuclide concentrations 
above DOE remediation guidelines; therefore, no remediation is anticipated. 

A Buildings: A and A-l 
. 

It is anticipated that remediation of Buildings A .and A-l structural surfaces wilI be 
required. Remediation may range from decontamination to removal and appropriate disposal. 

It is anticipated that the soils and bedrock surface beneath the ash piles have been 
impacted. 
required. 

Remediation of these soils, and the soils to the northwest side of Building A will be 
The, extent of removal of these soils will be determined through monitoring during 

remedial activities. 

The extent of soils containing elevated levels of U-238 and/or Th-230 under the floor of 
Building A-l is currently unknown. In the event of demolition of the. building and floor of 
Building A-l, underlying soils exhibiting U-238 concentrations greater than 50 pCi/g will be 
removed and appropriately disposed. As described above, the extent of removal will be 
determined through monitoring during remedial activities. If the floor of Building A-l is left 
intact and the site remains industrial, it is anticipated that the underlying soils will be left in 
place. 



B Buildings: B-l, B-2, and B-3 

It is anticipated that the B Buildings will need to be demolished to allow access to the 
soils beneath the basement floors that contain elevated levels of radioactivity. If demolition is 
the preferred remedial action, it is anticipated that the majority of the construction rubble can ALL 
be disposed as nonradioactive rubble or left onsite as backfill. 

The soils beneath the B Buildings containing elevated levels of U-238 will be removed 
and appropriately disposed. As described above, the extent of removal will be determined 
during remedial activities. Since these soils may also contain hazardous constituents, they should 
be sampled and analyzed to identify appropriate disposal alternatives. 

C Buildings: C-I, C-2, C-3, and C-4 

.- 
It is anticipated that the C Buildings will need to be demolished to allow access to the 

soils beneath the basement floor that contain elevated levels of radioactivity. If demolition is 
the preferred remedial action, it is anticipated that the majority of the construction rubble can 
be disposed as nonradioactive rubble or left onsite as backfill. 

The soils beneath the C Buildings that contain elevated levels of U-238 will be removed 
and appropriately disposed. In addition, some remediation of soils around the southern and 

. southwestern end of the building along the seawall will be necessary. As described above, the 
extent of’removal will be determined during remedial activities. 

Building F 

It is anticipated that no remedial action will be necessary around or within Building F. 

Alfa Building 

The surface of one pump in the Alfa Building will require either decontamination or 
removal and appropriate disposal. 

Remediation of surface soils containing U-238 greater than 50 pCi/g south of the Alfa 
Building will be necessary. , 

Other Area 

The area of impacted soil identified east of Building D is anticipated to require 
remediation. As described above, the extent of removal will be determined during remedial 
activities. 
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8.2 STAKEHOLDER DJXISIONF 

After defining remedial conditions, .the stakeholders must come to a consensus on actual 
site problems and how to proceed with remedial actions. The remedy selection process begins 
after the adequacy of the probable conditions of the site is defined. Deviations from probable 
conditions represent uncertainty that must be addressed during the Remedial Design/Remedial 
Action (RD/RA). Decision rules summarize how uncertainty will be reduced by the data 
management system. Data collection to reduce unceitainty must always be balanced against the 
ability to manage uncertainty (via the contingency plan) during the RDIRA. 

Contingency plans are the mechanism for managing uncertainty .during the remedial 
action. Contingency pl& are technology~specific and based on the definition of reasonable 
devikions.’ They are defined in detail during the IWRA. Monitoring plans are part of the 
ability to manage ‘uncertainty during the RDRA by detecting deviations.’ Monitoring plans 

, 

identify the deviation that is occurring and define which contingency plan is necessary to modify 
. the remedy. Once these situations z+d plans are agreed upon by the stakeholders, the remedial 

action phase can proceed. 

8.3 MONITORING DECISION RULES . 

Monitoring decision rules are developed by using the results of the characterization and 
applying these results to the characterization decision rules presented in the characterization plan. 
These monitoring decision rules will be used during remedial action to finalize the extent of 
material requiring remediation. Monitoring plans may require modification following 
implementation of a contingency plan. 

. 
General 

l If radioactively impac$ed structural or equipment surfaces are decontaminated 
instead of removed and disposed of, then samples will be collected to confirm the 
success of the decontamination effort. 

0 If decontaminated structural or equipment surfaces meet DOE guidelines for fixed 
‘and removable radiologkal contamination, then no further decontamination is 
necessary. If DOE guidelines are exceeded after decontamination, then 
consideration must be given to alternate remedial options (e.g., removal and 
disposal). Economic factors will also be evaluated throughout the process. 

l If aualytical results of c@iitory samples indicate radionuclide concentrations 
exceeding DOE guidelines, then excavation and monitoring will continue until 
activity Ievels are at or below DOE guidelines. If confirtitory samples indicate 
radionuclide concentrations are below DOE guidelines, and the full extent of 
impacted material has been determiued, then no further rem-on will be necessary. 

FvSO92P1122395 8-3 * 
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BuiMings A and A-I 

l If soils underlying ash piles (in the basement of Building A, underlying the floor 
of Building A-l, and adjacent to the northwest side of Building A) exhibit 

’ radiation levels at or below DOE guidelines, then excavation will stop and 
confirmatory soil samples will be collected and analyzed for constituents of 
concerns (COCs). 

l If soils in and beneath the ash piles in the basement of Building A and underlying 
the floor of Building A-l exhibit analytical results that indicate they are hazardous 
as well as impacted with MED-related radionuclides above guidelines, then they 
will be treated as mixed waste. 

l If soils to be excavated from along the west side of Building A north of the 
loading area are analyzed and contain PCB concentrations above 50 parts per 
million @pm) as .well as MED-related radioisotopes above guidelines, they will 
be appropriately disposed. 

. Buiidhgs B-I, B-2, and B-3 

l If soils underlying the basement of Building B exhibit MED-related radionuclide 
concentrations below DOE guidelines, then excavation will stop and confirmatory 
soil samples will be collected and analyzed. 

Building C 

l If fill or soils around or beneath the building exhibit MED-related radionuclide 
concentrations above DOE guidelines, then the .material will be selectively 
removed and sent for appropriate disposal. 

Building F 

l Building F and the soils around it show no MED-related impacted materials above 
DOE guidelines;’ therefore, no remedial action is necessary. 

Alfa Building 

0 If soils ‘south of the building exhibit MED-related radionuclide concentrations 
below DOE guidelines, then excavation will stop and confirmatory soil samples ’ 
will be collected and analyzed. 

l If fill or soils east of the building exhibit MED-related radionuclide concentrations 
above DOE guidelines, then the material will be selectively removed and sent for 
appropriate disposal. 

, FuSO92P/122895 8-4 
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Sediments 

l If sediments in the tidal flats offshore from Buildings C, B; and F exhibit 
MED-related radionuclide concentrations below DOE guidelines, then removal 
will stop and confirmatory sediment samples will be collected and analyzed for 
radioactive COCs. 

8.4 REMEDIATION DECISION RULES 

The following remediation rules have been developed based on current knowledge of the 
Ventron site. 

General 

l 

I FUSO92PM2895 

If ‘contaminated MED-related structures are removed for disposal, materials will 
” be staged onsite as low-level radioactive waste or commingled waste for ’ 

subsequent disposal,at a licensed facility. 

If clean construction debris is removed by DOE, the debris will be staged onsite 
for subsequent disposal at an appropriate landfii. _ 

Contaminated ME?-reiated soils or fill will be staged appropriately onsite. If 
analytical results show the material to meet the acceptance criteria for low-level 
waste, then it will be shipped to the selected licensed‘facility for disposal. If 
determined to be present during remedial action, mixed,waste will be segregated 
a&managed until it can be appropriately disposed. 

\ 
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nited States Government 

me.morandum ,, 
M8J74 

II" Depart~WWWEnergy 

3.3.8 0 0 5 

DATE:, SEP 1 1993 . i:;-; y?-p -3 r;; 1: yl 
REPLY 70 ArrNoF: ,EM-421'(W. A. Williams, 903-8149) 

suBJEcT: Uranium Guidelines for the Ventron Site, Beverly, Massachusetts 

To: 1. Price, OR 

This is in response to the request for approval of u'ranium guidelines for 
the Ventron Site of the Formerly Utilized Sites Remedial Action Program 
(FUSRW), pursuant to DOE Order 5400.5. This site is located in 
Beverly, Massachusetts, and was used by the Department of Energy's (DOE) 
predecessor for producing uranium metal. Oak Ridge requested approval 'of 
a residual uranium guideline of 100 picocuries per gram of total uranium 
for the site. These recommendations were made based on a supporting 
analysis by Argonne National Laboratory (ANL) and estimates of the waste 
volume which would .rekuJt from different uranium gyfdelines. . 

Basic_Dose : 

The Ventron Site is located directly on a tidal estuary of the 
Atlantic Ocean and is presently used for industrial research and metal 
production. The AN1 analysis calculated a maximum residual concentration 
of total uranium in soil of 480 picocuries per gram (pCi/g) to 3100 pCi/g, 

, depending on future land use. These concentrations are equivalent to 
100 millirem per year for various land uses. The recommended 100 pCi/g is 
equivalent to 6 millirem per year for an industrial worker (Scenario A in 
the-AN1 Report). For recreational use, the exposure is less than 
4 milli rem per year (Scenario 9). For residential farming use, the . 
recommended guideline is 21 millirem per year, assuming that off-site 
water is used for drinking water purposes (Scenario C). 

In the AR1 analysis, the use of an on-site well for drinking water 
purposes was not considered because this assumption is not plausible. The 
site is imnediately adjacent to a tidal estuary and the water is saline. 
For this reason, 'any water from an on-site well would be saline and not 
potable. 

Based on the AN1 analysis, the recommended value of 100 pCi/g of total 
uranium is within DOE's dose guideline of 100 millirem per year, which 
must be met under all worst case, plausible scenarios, including the 
assumed residential and recreational use. 

pLARA Analvsiq: 

In addition to meeting the basic radiation protection guideline, any 
remediation guideline must be .analyzed, to keep exposures as low as 
reasonably achievable (ALARA). In the application of ALARA, practical 
considerations, costs, and benefits are also taken into account. For 
practical considerations, it is likely that the contaminated areas will be 
remediated to a level below whatever, guideline is established. This is 
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likely for two reasons. First, in order to remove all material above the 
guideline, some soil contaminated below the guideline will be removed. 
This will have the practical effect of lowering the guideline as it is 
applied during remediation operations. Second, during remediation 
operations, it is difficult,to precisely delineate the point at which 
contamination above the guideline ends. As a result, remediation .' 
personnel will remove all suspect materials to avoid repeated remediation 
operations on the same property. For these reasons, it is likely that 
remediation will be accomplished at some level lower than the approved 
remediation guideline. 

A final practical consideration is the use of clean fill material to 
replace excavated materials. This will cause a shielding and covering 
effect on the remaining soils, reducing gamma ray, dust, and radon 
exposures. If the site were to be used for residential or agricultural 
use in the future, the clean fill would also reduce the projected doses by 
diluting the residual contamination. The ARL analysis does not assume 
that there is any clean fill or cover placed over the site after 
remediation. For this reason, the doses calculated in the ANL report are 
clearly a worst case scenario. In the actual application of a remediation 
guideline, it is very likely that a remediation level substantially below 
the established guideline will be achieved. 

A further ALARA consideration is that of costs and benefits. A review of 
the contaminated soil volume as a function of the remediation guideline . 
indicates an increasing volume of contaminated soil as the guideline 
becomes smaller. 

Between the remediation guidelines of 460 and 200 pCi/g of total uranium, 
the volume of contaminated soil increases by 1,700 cubic yards. For the 
current industrial use of the site, this increase in waste volume and cost 
is equivalent to a reduction in the calculated dose from 26 millirem per 
year to 11. A reduction from 200 to the recommended 100 pCi/g 'decreases 
the dqse for the current industrial use from 11 millirem per year to less 
than 6. This same reduction increases waste volume by another 1,080 cubic 
yards. Reducing the guideline to 70 pCi/g will reduce the dose for ' 
industrial use to less than 4 millirem per year and increase waste volume 
by 1,550 cubic yards. Further reductions to 40 and 20 pCi/g increase 
waste volume by an additional 4,IuO and 3,000 cubic yards, respectively. 

If the costs of excavating, packaging, transporting, and disposing the 
soil are estimated to be more than $500 per cubic yard, the reduction in 
the guideline from the recommended IO0 pCi/g to 70 pCi/g would cost more 
than $540,000 with little benefit. Further reductions to 40 and 2O,pCi/g 
wilLincrease costs further with even less benefit. 

The possibTe residential and agricultural use-of the site in the future 
must be also considered. Scenario C examines this possible use and 
assumes a resident farmer will: 

(I) reside at the site gfter remediation; 
(2) drink water from'an uncontaminated, off-site source; 
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(3) eat, plant foods grown in the decontaminated area; 
(4) drink nilk.and eat moat from cattle grown on the site; and 
(5) ingest 100 milligrams of soil at the site. 

These assumptions are very unlikely but may be plausible in the distant 
future. The reconended guideline of 100 pCi/g is equivalent to an annual 
exposure of 36 millirem per year under athese assumptions. A review ofthe 
AWL report indicates that the significant pathway for this scenario is via 
inhalation of contaminated dust. The mass loading factor used for 
airborne dust in the calculations (200 micrograms percubic meter) is much 
higher than would be expected at the site under ambient conditions and 
reflects the level of dust loading expected from plowing or digging in the 
soil. Such a high dust load is unlikely ona continual basis. 

Based on the above considerations, a guideline of 100 pCi/g for total 
uranium above background levels is approved for use in the remediation of 
the Ventron Site, pursuant to DDE Order 5400.5, Chapter IV, Section 5a. 
Please provide AWL with post-remedial action data to permit the' 
preparation of another dose estimate rep'ort to reflect the actual doses 
after completion of the remediation. 

We also recorimend that your staff discuss the site characterization data 
and the approved guidelines with the State and EPA staff at an appropriate 
time. 

Division of Off-Site Programs 
Office of Eastern Area Programs 
Office of Environmental Restoration 

~:zp,DR 
J: Beher, ORlSE 
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Ventron Site Characterization Background 
Soil Samples 1.38OQ5 

@llllla-chlordanc UGKG 470 IJ 94u 1 1 %lU 1 
Heptachlm UG/KG 47 u 9.4 II I I I I I I I I 
__ . . . . a.4 I 

Toxaphene 
_.” ” 

I I 

1 UGiKG 1 95opJ 1 19olu I 
I I I I I 

Radiological 
b-226 
Tll-230 
Tlloriulll 
*. S.-s., 

1 

UNITS I I 
PCVG 0.960+/- 0.2 
FWG 0.680+/- 0.5 , _._“” . -... “.,-TV.,- Y..sY 
pcI/G 1.200+/- 0.54 1 1.100+/-10.25 I I nor;l II 
DPTIP II-I c 11. 

“.<., 1.900+/- 0.41 1.500+/- 0.29 _.-. .~ 

“-UC rwu , A”..8 , , 5.1 J 6 J 9.1 J 8.7 J 

* Note: LAB is the labontoty data qualiier, VAL ia the drtr validation qualifer. 

J indicates an estimated value. This flag is used when a target analyte is detected at a level less than the lower limit of 
quamiiication. 

indicates that no data pualier is required; the results are considered reliible. 

u ’ indicates that the analysis was performed but d analyte was not detected. The minimom detection limit for the sample 
(not the method dete$ion limit) is reported. 
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VRNTRON I I I I 
l27Rvoo151 hwoo251 I 

1 
l27RVtM351 l27RVOtl451 127Rvoo452 

coil~l~ collccLd:1o/l2m cell 10/13m Coll~ 10/13/92 Colkcted: 10113192 

o.o- 1IFI 

sta~oo1 

REamIt ILabIVaI 

I 
8.0-1.0 Fr o.o- 1.0 Fr o.o- l.om, O.Pl.bFT 

stdoa: 002 statioa: 003 Ststioa: 004 stattoll: 004 

RanIt 1 Lab 1 Val 1 Remit 1 Lab 1 Val RUMI: Lab Val RCrrit Lab 1 f Val 

J hxdiites an estimated vphre. This flag is used when a target analytc is &tested at a level less than &e lower limit of 
quantiflcatiott. 

u indicates that the analysis was performed but the analyte was noidetecfed. The mioimum detecti- limit for the sample 
(not the method detection limit) is reponed. 
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SURF’ACE SOIL SAMPLES 



Vuatron SIta Chamctarization 
Soil Samples 

1 
Rndlologgcal c!mTa 

R&226 PCIJG 1.8 J 1.800+/- 0.08 1.9 J 1.1 J 1.300-G 0.3 
Thorium PCIJG 107.000+/- W 399.000+/- 11.7 84.9OO+J- 8.2 22dOO+J- 0.8 
U-238 

22mO-GJ1.5 , 
PCIJG 70.300+-l- 36.7 412000-b/-,194 54.800-i-J- 25 11’ J 11.2OOi/-13.1 

I 1 

l Ncrc:LABbthelobaatorydetp~~v~~tthc~v~~. I 1 I \ 

J indicates an estimated value. 
tpWifi~ti0~. 

This flag is used when a target analyte is detected at a Iev.el less than the iower limit of 

. 
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Vontrm Sib Chmctrriz~tion 1.38005 

. . Bonholo Snmmary 

J iudicates an estimated value. This flag ii used when a target ana&@ is detected at a kvel less than the lower limit of 
quantification. 

. 

. 
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-z- ~:7-r :_- - 

VENTRON - SOIL BORING - 03 I I I I 
colkcM:a9/o8/92 I 

127RV00301 127RVOO302 127RVOO303 
I I I I I I 
I I I I I I I I 

o.o- 1.0 Fr 1 4.0-SOFr 1 12.0-13.0 IT I 
1 L 

I 
Redt i Lab Vd 1 Result t Lab Vd 1 Rem& 1’ Lab V8l I ------ - 

Rndlologlal e UNITS 
h-226 PCl/G 0.820+1- 0.05 1,500+1- 0.13 0.79cw 0.07 

l-b-230 Km3 MOO+/-(0.6 1 I 
lhorium K!vo n f?9o+/.lo.14 I - .-_ - ( -. - . , I 1.500+/-10.39 I I ~~ I I 0.9404-10.25 I I 
U-238 PCUG 14.300+/-IO.13 1 1 41.400+/-14.2 1 1 2.200+/-l 1.6 [UJ 

J indicates an estimated value. This flag is used when a target analytc is detected at a level less than the lower limit of 
t@UXifMtiOll. 

u indicates that the analysis was performed but the analytc was not detected. The minimum detection limit for thi sample 
(not the method detection limit) is reported. 

. 
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- 

RUilOlOgkd 

h-226 
RI-230 
lhaium 
U-238 

RUdt Lab Vsl Redt Lab Vd Result Lab Val 

UNITS 
PCUG 2.low- 0.58 1.100+/- 0.06 ’ l.OOo+/- 0.03 
KWG l.SOw- 0.64 2JOw- 0.79 
PCUG 16.700+/- 1 1.300+/- 0.16 1.600+1- 0.37 

1 F’CVG 26.200+/- 0.9 27.700+/- 1.1 27.200+/- 0.97 
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Vwtron Sittr Chrtactarizrtion 
. . Borrholr Summary 

I Cami~it~bv~H 

Silver 

cyanide.Re&iiw 
sulfxe. Ructive 

t 

1Oou 
NIL 1OU UJ 
PH 

-3 = IuNlTl 6* I 
MaKt3l .-.-..- fi’5I.J UJ “.B 

I MOIKOI 0. su UJ 
I I I 

L I I I 

organk Pctrdelml Eiyd- UNlTs I I I I I 
Toul PctroleumH~ MO/KG 1 37(- 

J i&ates an estimated value. This flag is used when a target analyte is detected at a level less than the lower limit of 
quantifwtion. 

5 irxlicates that no data qualifier is quired; the results are considered reliable. 

U indicates that the analysis was performed but the analyte was not detected. The minhnum detection lhnit for the sample 
(not the method detection lit) is reported. 
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Vmtron Sita Chanctorization 
Bord~ok Summrry 

J in&mm b estimated value. This flag is used When a target analytc is detected at a level less than the lower limit of 
quanhfication. 

U indicates that the analysis was perfomcd but the analyte was not detected. The minimum 
(not the method de&&on limit) is r&md. 

detection hit for ti sample 

. 
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Vnntro~~ Sita Charrctrriration 
Borrholr Summrry 

J j&x&s an &inated value. This flag is used when a target analyte is detected at a level less than the lower limit of 
quantifi~tiOD. 

U indicatis that the analysis was performed but the analyte was not detected. 
(not the method detection limit) is reported. 

The minimum detection knit for the sample 

. . 4 
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Vontron Sitr Chrrrctariution 
Bonholr Summary 

7.3 = 
I 

I 
I I I I 

WKGI 
I 

n.2shr lrrr I 
I I 

w ~.-, _.__,_ L’. ~, , 
I I 

I I I I, I 1 
M 

I I I 

I 
[G/KG 1 O.SlU IUJ 1 

I I I I I I I I I I I I I 

CamsiGtybypH 
Cyanide, Reactivx 
Sulfide, Reactive 

olpnk Petrolellm xiyd- UNITS 
Td Petroleum HM MGKG 8% 

J indicates au estimated value. 
quantification. 

This flag is used when a target aiudyte is detected at a level less than the lower ihnit of 

s indicates that no data qualifier is require& the results are considered nliable. 

U indicates that the analysis was performed but the aualyte Was not detected. 
(not the method detection limit) is reported. 

The minimum detection limit for the sample 
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1 MG/K~ 7090- 
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1531 J , 

Iron 1 MG%G( moo/= I I I I ,I I I I I 
I I 

I 
- _... . ..- 

46OU 
1 ..-I- ,G 460U 

I *a-^ I. I \ 
alpha-BHC UWK 
alphachl~ I I I I I I I I I 
koclci-1016 I 

Arfxlof-1221 uGFn .ZtU 
I 

;;;;I 
dIlJ J I I I I I I I I I 
46oo~u 1 I -.a I ._-- ma I I I I I I I I I hroclor-1232 

Am&x-1242 I I I I I I I I I 
Arocl(rr-1248 I I 

4,4’-DDT 92O)U 1 I I I I I I I I I I 
delta-BHC w/J-- ’ W’I 

.-- __ 
.46u(U 1 I 1 I I ! ! I I I I 

Dieklrin W/KG 1 9201u 1 I I I I I I I I 
EndosuUM I UGIW 1 

II 
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EndoculfM suifite W/KG 1 !nolu 1 I I I I I I I I F”rl;.. 1 lG/lm I omlrr I .* I I Law111 --,-.- SW” v 

Endtin AIdeIlydt W/KG 920u . 

En&in Kctcac W/KG 920u 

gamma-BHC (-Lidme) UGIKG 460U 



Vantron Site Chanctrrintion 
Borrholr Summary 

J indicates an eshated v&e. This tlag is used when a target analyte is detected at a level less &an the lower limit of 
guantification. 

= indicates that no data qualifier is requhxl; the results are cmsidered reliable. 

U indicates that the analysis was performed but the analyte was not detected. The 
(not the method detection limit] is nported. 

minimum detection limit for the sample 

._. 
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J indicates an estimated value. This flag is used when a t&get analytc is detected at a ievel less than the lower limit of 
qumimxtion. 
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J indicates an estimated vah~. This flag is .uscd when a target analyte is detected at a level less than the lower limit of 
quantification. 

. 
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Vatran Sitr Chrrrctrrizrtion 
Borrhok Summary 

&38005 

. . 

t 
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Vantron Site Charrctsrization 
Boroholr Summary %:38OCQ 

VENTRON - SOIL BORING - 22 I I I 
colkct&o9/24192 

127CVO2201 
I 1 

127RVO2204 127RV02202 
I I I I I 

Potassium 
-. . 

, I I 
IuNlTsI 

I f 
I' I 

I 
I I 

I I 
I I I I I 1 

I. 
I 

1, I 
I 

I 
I 

I I 
I’ I 
I I I 
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Vontron Site Chrrsctrrirrtion 
Boroholr Summary 138005 

J indicates an estimated value. This flag is used when a target analyte is detected at a level less than the lower limit of 
quantification. 

E indicates that no data quaIifier is nxpircd; the results are considered nliable. 

U indicates thai the analysis was performed but the analyte was not detected. The minimum detection limit for the sample 
(not the method detection limit) is reported. 

l 

. 
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Votiron Sii Chwrctrrization 
Baro~ol* Summrry 

. . 
if’38005 

I I I I 

I 
I 127RVO2301 127RVO2302 I --.__. -I-_ I 
1 I I 

I I 
I I I I 1 I I i 

VENTRON - son, BORING - 23 I I I ‘I- 1~ 1 I 
colketut: 09/09/92 I I 

127RVllZWl3 I 

I I I 1 

0.0-1.0 Fr zo-3.oF-r. 6.0- 7.0 Fr 
Result 1 Lsb Vd Result 1 Lab Val Radt 1 Lmb Vd 

I I I I I 

J indicates an estimated v&e. ‘This flag is used when a target analyte is detected at a level less than the lower limit of 
t$liMfiWtiOll. 

. 

B-25 



Vontron Sitr Chrrrctrrizrticn 1’38085 , 
@rrhcl@ Summary 
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Vontron Sita Chnractrrization 
Bcnholm Summary 

d’38005 

J indicates an estimated value. This tlag is used when a target analyte is detected at a level less than the lower limit of 
lJU.Ultifi~tiOU. 

U indicatek that the analysis qras performed but the analyte was not detected. 
(not the method detechon limit) is repted. 

The minimum detection limit ‘for the sample 

- . 

. 
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Vadrcn Sitr Chrrrctrrirdicn 
Bonhcla Summary 
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Vantron Sii Chmctarization 
Bonholr Summary 

VENTRON - SOIL BORING - 27 

c-09102192 I 
127RVO2701 127RVO2704 127RVO2702 127RVO2705 

I I OT 

1 

I I I I I -- 

l 1 o.O-l.OW I 1 o.O-l.OFr 1 1 2.03AFT 1 1 6.0-7.oFr ) I 
I Raolt 1 Lab f Val 1 Ran& f’ Lab 1 Vd 1 Rauit 1 Lab 1 hi 1 Read 1 tab 1 Vd 1 

I I --- 1 - 

I 

J indicates an estimated value. This flag is used when a target analyte is detected at a level less than tie lower binit of 
CpUlliflication. 

, 
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Vwtron Sitr Charrctrritaticn 
Bcrrhclo Summary 

J indicates an estimated yalue. This flag is used when a target analyte is detected at a level less than the lower limit of 
quantification. 

. 
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. - 

Ventron Site CLnctorizaticn 
Bcnhcle Summary 

J indicates an estimated value. This flag is used when a target anaIyte is detected at a level less than the lower hit of 
qlumdfication. 

._ 
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V&ton Sitr Chrractarization 
Botrholr Summary 

J indicates hi estimated vah 
quantification. 

This f& is Used when a target analyte is detected at a level less than the lower &dt of 

. 

B-32 



Vantrcn Sitr Charactrrization 

. . Borr)clr Summary 1 Tzannc , rguuw;l 

VENTRON - SOIL BORING -30 I I , 
cou4: w21B2 I I I 

127CVO3001 127CVO3004 127RVO3002 127RV03003 
I I GT 

IMaa#ium I 

EndQRdfanII 1 UGXG 
LKYKG 

IEndria 1 UGKG 

7b I Val I Rault I Lab I Vd I Result I Lab I Rc 

-... I- I --_- I 

; 2mL I 2381= IJ I I I 1 I I 
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Vwtron Sitr Chsractrrization 
, Boroholr Summary 

%38005 

VENTRON -SOIL BORING - 30 I 
cdkdcd: 09nm a I I 1 

127cVo3oo1 127CV0%304 127RVO3002 127RVO3003 
I I OT 

organic Petroleum Hydroarbom UNITS 
Total Purolaun Hm - MGr’KG 48= 62 = 

J indicates an estimated value. 
quantificatioll. 

This flag is used when a target analyte is detected at a level less than the lower limit of 

= indicates that no data qualifier is tqdred; the results ark considered nliable. 

.U indicates that the analysis was performed but the analyte was not deteckd. The minimum 
(not the method detection limit) is reported. 

detection limit for the sample 
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DRUM SAMPLE 

. 
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Ventron Site Characterization 
Equipment Rinsates and Drummed Materials 

L I I I I I I I I I I I 

J indicates ‘tm estimated va&e. 
quantification. 

This flag is used when a target analyte is detected at a level less than the jower jimit of 

I indicates that no data qualifier is required: the results are considered reliable. 

U indicates that the analysis was performed but the analyze was &t detected. 
(not the metbod detection limit) is reported. 

The minbnum detection limit for the sample 
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Vatron Sitr Chanctwiution 
Bormbk Summrry l’38005 

1 I I I , I 

RBdlolo&Bl UNlTs 

b-226 PCUG 2.200+1- 0.15 1.300+/-. 0.45 

Thorium PCUG 3.600+/- ,092 L9oo+/- 0.41 

U-238 Fcuo 6.300+/&.2 1 11.81 J 
. 

J indicates an &mated valne. 
quantification. 

This fhg is used when a target a~.&yte is detected at a level’lcss &an tfie lower limit of 

= indicates that no data qualifier is rrquired; the nsults an2 considered reliable. 

U indicates that the analysis Was performed but the analytc was not detccW. tie minimum 
(not the method detection limit) is nportcd. 

detection limit for the sample 
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Vatron Sitr Cbrractorizrtion 
Bonholr Summary 

J indicates an esfimaterl value. This flag is used when a target pnalyte is daeaed at a level less than the lower iimit of 
guantification. 

. 
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Vootron Sii Chmctwiution 
Bonholr Summary 1’38005 

J indicates an estimated vahx. This flag is used when a target analyte is &ected at a level less than the lower limit of 
quanhfication. 
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APPENDIX B-5 

11 AND 15 CONGRESS STREET SAMPLES 



Vm!ren Site Cbrractaritrtion 
Bonholr Summary 

‘VENTRON - SOIL BORING - 17 1 I I I I. ., I I I I I I I I I 

$yMktho~ 
-fox@= IUG 

1 mu , ‘vv~” pa 1 1 

1 
1 I I 

awl. 10 u 
PH 

= 8.1 

MGKG 0.25 u IUJ 
/MC/K01 

I 
0 3111 Irn I I I I I I I I I 1 

1 

sclcnium 

Siiver 

-virybvPH 

CpnidsRactive 
Suffidc, Ractk 

OrgmnkPetrokumEyd-b I u?m 

J indicates an esdmated value. Tbis flag is used when a target anaiyte is detected at a Ievel less than the lower limit of 
quandficatioll. 

= indicates that no data qualifier is requked; the nxults are kxxuidercd reliable. 

U indicates that tkanaiysis was performed but the analyte was not detected. The minimum detection limit for the sample 
(not the method detection limit) is teporkd. 
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Ventmn Site Characterization 
Sdl Samples 138005 

- 
J indicates an estimated value. ‘Ibis flag is used when a target anaiyte is detected at a level leas than the lower limit of 

quantication. 

U indicates that the analysis was performed but the analyte was not detczted. The minimumic%ecti~limitfor~e~le 
(not the method detection limit) is reported. 
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APPENDIX B-6 

BUILDING A-l 
THROUGH-THE-FLOOR SAMPLES 



Ventron Site Chamcterizatibn 
Soil Samples ,ll- 3 80 0 5 . . 



I 
Vantron Site Characterization 

Sol Samples E~8005 

sad-valatuc oqaniu 
AcQlrphthene 
-a= 
An- 
Bauidinc 
&ruoaM=me 
Baudabvmx 

llNns I I 
UGKG 320u ] 1 

I I I I I I I I 
I I I I I. I 

I I 1 

UGKG 320 1 
uG/KG 320” 
W/KG 1600 
UGKG 37 
UGXG 1M , I.- 

I&nm(bM-thCIl~ 
I ------ I --- 

I UCXG I 71 . , 
.-1’)perylcnc 
B-NW-C 
Benzoic Acid 

2-chloronaph~me 
2-chlorcphenol 
~mqhcnyl-Phcnylethcr 
chrywnc’ 
Di-n-bmylphthak 
Di-Mlcfy~pilthaiate 
DilxxL _.-._ 

--.__ 

UGKG 1 320 
UGKF ’ ki- UGiKc --- 
W/KG 140 
UGKG 320 
UGKG 320 

Fl-rheK I 
Fi-e 

I 
UGKG -;&J 

HCXXhlC+t&%3% UGiKG 32ou 
I-kdllombutsdi~ W/KG 32ou 
HCXXhlaDcyclopntsdicne UGIKG 32Ou 

2-Nitmphaol 
4-Nittupbml 
22kWbiS(l-ChJ~) 
Pmtacidoluphatol 
PlEnfmihlaK 
Phenal 

1.2~-rlidllm 

UG 
UG 
TJG 
UG. 
UG? 
UGL 
Im 
Tmh” , , I I I III I I I 
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Vantron Sita Characterization 
Soil Samples 

. 
1380&j 

J indicates an &mated value. This flag is used when a target analyte is detected at a level less than the lower limit of 
lpliUltjflCatiOll. 

. indicam that no data &lifier is rquired; the results are considered reliable.: 

U indicates that the analysis was performed but the amlyte was not detected. The xuhdmum detection limit for the sample 
(not the method detection limit) is reported: 

. 
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HARBOR AND SEWER LINE SEDIMENT SAMPLES 



Ventron Site Characterization 
Sediment Samples 

,I’3 8005 

VENTRON I I I I 

l27cvoo111 127cv0021~ l27cvoo311 127cvoO411 127cv00412 

calm lOmB2 Collrrtcd: 1omJ92 Cdlccted: 10/13/92 collcctcd: 10/13/92 Collected: 10113192 

8.4 0.0 0.0 0.0 o.o- 1.0 Fr o.o- 1.0 Fr OA- 1.0 Fr 

I I I staliow 881 Shllom: so2 station: 884 I statlom: 084. I I I I 

99.4(- 1 [ 8011 1 I I I 

alpbmordanc 

Arc&r-1016 IUGKG( 6ZOlIJ 1 ( 87OjU 

62/U \ stp 1 47p 1 I I 1 



Vantron Sita Charactarization 
Sediment Samplsa 

J iudkates an edmated value. This flag k, used when a target anaiyte is detected at a level less than the lower hit of 
tpWifkXtiOn. 

= indicates that no data qual%er is tqukd; the results are considered reliable. 

U indhtes that the analysis was performed but the anaIyte was not detected. The minimum detection hit for the sample 
(not the method detection limit) is repotted. 

_. 
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Ventron Site Characterization 
Sediment Samplei 

B-49 
Page 1 



* 
\ 

Ventron Site Characterization 
Sediment Samples 1; 3.8 0 0 5 

J bxllcates an estimated value. 
tp+fiCatiOtL 

This ,jlag is used when a target analyte is d-ted at a level less than the lower limit of 

= indicates that no data qualifier is required: the results are considered reliable. 

U iudicates that the analysis was performed but the aualyte was not detected. 
(not the method detection limit) is reported. 

The minimum detection limit for the sample 

. 

. 
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APPENDIX B-9 

BUILDING A 
ASH PILE SAMPLES 



Ventron Site Chamcterizatian 
Soii Samples 

%38005 
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Vontron Site Chiracterization 
Soil Samples 

I I I I I I I I I I I I I I I I 
‘N~:LABiathctabaatorydatDqVVALirthedataM~ff, 1 I I 1 1 1 I I I I 

J indkates au estimated value. This ilag is used when a target aualyte is detkcted at a level less thau the lower limit of 
quantication. 

. 
= iudicates that no data qualifier is required; the results are considered &able. 

U indicates that tb~ aualysis was performed but the amdyte was not detected. The minimum detection limit for the sample 
(not the method detection limit) is repoti. 

R rejected 
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APPENDIX C . 

SITE MAPS - WALKOVER GAMMA SCAN, 
FIDLER WALKOVER, AND CONE SHIELDED GAMMA SCAN 

. 
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APPENDIXD - 

GEOLOGIC DRILL LOGS 
BOREHOLE GAMMA LOG VALUES 



APPENDIX D-l 

BOREHOLE GAMMA LOG VAL- 



0.5 12921 
1 16653 

1.5 20211 
2 18479 

2.5 16408 
3 16151 

3.5 15858 
4 16052 

4.5 16528 
5 16079 

5.5 16709 
6 18964 

6.5 19693 
7 19141 

7.5 18530 
8 18543 

8.5 19113 
9 18970 

9.5 18838 
10 18780 

10.5 19253 
11 17948 

11.5 1483 1 
12 12982 

12.5 12885 
13 14022 

13.5 15341 
14 17086 

14.5 15952 
15 14024 

15.5 13569 
16 12751 

16.5 11950 
17 Ii210 

17.5 12860 
18 13550 

18.5 14173 
19 13853 

19.5 14472 
20 1603 1 

20.5 16213 
21 16830 

21.5 18063 
22 18452 

PVC22 1 

2033 
3525: 
3049: 
21951 
2221: 
2146r 
2353: 
24441 
2500: 
2394: 
2143: 
2007: 
2.149: 
1827! 
1693! 
1625: 
16331 
1637: 
1696r 
1746: 
1998! 
20911 
2055, 

TABLE D-l Borehole Gamma, Log values 

;B~$,g$;~; 
., .,. .,.,.,. 

:~;li:iaia~:~~~~.,jii’l 
.:.:.:~:.:,L:.‘:... ::,y::::,:::’ 
:.~.:.:.~.:.~..o.,~. .,..,., ,. 
.v,..., ,( ,.,...,. ,.,. _,.,. ,. ,. _,. ,. .,_ 

87OL 
1011; 
1451% 
16732 
1835: 
17746 
1751: 
16441 
15336 
15475 
1625: 
1629; 

;1437: 
1319; 

- 14495 
1426: 
1435; 
1445; 
14245 
13251 
1262t 
1243% 
11185 
1075: 

30308 
24722 
20785 
18669 
18154 
17253 
17434 
18092 
18678 
19871 
20382 

- : 21442 
22853 
25565 
21936 
18502 
17543 
17432 
18083 
18945 
18527 
19771 

‘VC 11.3 

16781 
16836 
17302 
18045 
18018 
17381 
1627 I 
1642c 

‘VC 4 

;&7 :” 
‘, ..‘. ::;::‘.:.. ,:.:. .,,, .,, ,: . ,: 
,“, ,:,, :‘. ::,: 

m,: ,,j 

8535 
13520 
14620 
14137 
14647 
16805 
16043 
14412 
14102 
14128 
15030 
15227 
15509 
15496 
15657 
15369 
15566 
14897 
14405 
14068 
14475 
16391 

.0.8 Bdrcb 

Bkt$.. 
,.’ ..:; ‘, ,. .’ .A.: ,.,., ‘, : 
Y&&&: “:; 

14981 
15575 
16090 
16823 
17628 
17759 
17596 
17415 
17422 
17526 
17392 
1824Z 
18751 
17544 
17392 
18182 

‘VC 7.5 

. 

;B-9:‘. .j ., 
: : .. ;., .“, 

iamma... ..: 

9719 
11153 
11410 
14189 
15261 
18152 
18196 
153 10 
16193 
16642 
16193 
17143 
18751 
19093 
17549 
20516 
20888 
23387 
25377 
27157 
29459 
29469 
37507 

138005 

B-10 ,:,: 
..‘.‘, ; 

;amma ‘,f 

13668 
15152 
20869 
23433 
26901 
28085 
32799 
37355 
35884 
34123 
3278C 
35081 
41033 

‘VC 6 

D-l 



TABLE D-l Borehole Gamma Log values 

0 10163 12395 8741 10223 9522 
0.5 - 12609 14539 11869 10770 11324 

1 14819 15728 14242 14481 14134 
1.5 15180 16639 14731 11920 14898 

2 11373 17539 15196 . 8733 15353 
2.5 20385 19179 14045 8183 15412 

3 Bdrock 2 1629 13954 8669 15638 
3.5 22422 16955 refusal 14273 

4 pvc 3.5 14069 15540 
4.5 14122 1541.0 

5 14288 15333 
5.5 13244 15106 

6 15125 
6.5 6.0 

.7’ 
pvc 

8952 
10064 
12572 
14201 
11831 
13131 
11681 
11569 

11918 
14319 
16262 
‘18592 
19132 

drock 
\ 

17988 
21114 
23288 
23449 
2458 1 
22563 
23352 
24973 
24200 
24084 8 
23879. 
24391 
24072 
,23954 

pvc 7.0 



TABLE D-l Biwehole Gammid Log values 

0 103441 
0.5 10974 

1 11033 
1.5 10990 

2 11098 
2.5 12511 

3 13224 
3.5 14491 

4 15200 
4.5 17687 

5 19814 
5.5 22186 

6 23645 
6.5 23851 

7 24263 

9 57334 
9.5 50232 
10 ~~~~~~~ 

$&.&.... “8”;” 
10.5 ~~~~~~~ 

11 43095 
11.5 48026 

12 41231 
12.5 27365 

13 21206 
13.5 16698 

14 14581 
14.5 12443 

15 11659 
15.5 11038 

16 10840 
16.5 10764 

17 10448 
17.5 10391 

18 10402 
18.5 10491 

19 10409 
19.5 10724 

20 10503 
20.5 10635 

21 10602 
21.5 10870 

22. 
2 

23. 
2 

24. 
2 

25. 
2 

26. 
2 

27. 
2 

28. 
2 

29. 
3 

30. 
3 

31.. 
3: 

32.. 
3: 

33.. 
3d 

34.: 
3: 

221 116801 

~~~~~~~~ 
. . . . ...A . 
:;:::jg~,~.~,~:~:~.:~,~:~:~::: 
. . . . . . . ...ijj,.j,.j,... :, 
:~~:::~:~:::::;:.:.:.t:,:.:, ,:,: 
. . . . . . . . . . . . . . . . . ..,._...,.,....., . . . . 
~,::i:::::;:::::~::~:~.~::::::: 
‘..........i”.:.:.:.: 
:.;.‘.:.:.~~,~.. ..~.. .,_ 

1425 
1654 
1879 
2056 
2268 
2440 
2392 
2477 
2474 
2388 
2269 
2086 
1949 
1871 
1808 
1730 
1619 
1536 
1511 
1564 
1534 
1491. 
1510 
1514 
1444 
1354 

: ,... .:..: ..,.. ;s.:~::i~:~l:2;,;:i:i::~i:~~ 2. :‘),:.i .’ I,‘,: ,.. . ,. ..i.:., ,, >:. 
iiii:::i:~:;2~~,~::::i~,::~~::~:::~: 

., SBi25.1,. .:. . . . I’ . . . ‘,j: . . 
.,,,.,. : :,,,” ~) ,,:, ,,: .‘( :,‘; :::x . ,:,:, . :,. i ,, . . :.,::.~,;:?:;‘.y. ;: ‘.>I’...: .Y,. :...: ~~~~ ‘:.scb;s ..,::. ::*,y 

qj 
jl(’ ($g@qif .-::;.:.:$.:j:y ::i 

0 1222: 
0.5 11951 

1 1583: 
1.5 1719! 

2 1813r 
,2.5 173a 

3 1441d 
3.5 12963 

4 11731 
4.5 1201! 

5 1199! 
5.5 pvc 5.0 

6 
6.5 

\ 7 
7.5 

8 
8.5 

9 
9.5 
10 

10.5 
11 

11.5 
12 

12.5 
13 

13.5 
14 

14.5 
15 

15.5 
16 

16.5 
17 

17.5 
18 

18.5 
,I9 
19.5 

20 
20.5 

21 
21.5 

221 

D-3 

11043 
13246 
16110 
19525 
16133 
28754 
30440 
3 1290 
30722 
25535 
24446 
23209 
20932 
18850 
17244 
16112 
15919 
16504 
16176 
16081 
16028. 
14538 
13958 
15098 
13873 
13298 
14465 
16788 
21738 
23770 
25275 
26224 
26049 
23548 
26130 
25010 
24380 
28570 
26559 
23630 
19064 
16348 
14296 

22.t 
2: 

23.f 
2r 

24.! 
2! 

25.! 
2( 

26.! 
2 

27.i 
21 

28.i 
2! 

29.! 
3( 

3o.i 
31 

133901 

138005 

jB36cont 
‘. ,.,.;. .:.. ,,. .,. ., .‘, :, : ,. . . ‘:l :..,.,. .’ :. .,: ,,: ..:.:.: .:..;.. ..;::::.:. : .A:.:.:.,.:.,.:‘,:, . . . :‘,p..:-., :‘;: 

l’1962 
11163 
10782 
10915 
11858 
11881 
114lC 
10614 
10258 
10578 
1169: 
11272 
11214 
12921 
1357c 
13131 
13054 

WC 30.5 

.,( ‘: 
. ,, 

j,. ,.:,:.,:, ,’ 

..v’ ,, ,::: 

>.‘.- .( /,. 
: ,.,.._ ,. :.‘,: 

,. (,, 
,,,,, 



TABLE D-i Borehole Gamma Log values 

f?)8005 

..,. ..,. :.‘:‘f$$ “,/, :..::,.:;: .,: ;;: ‘.$ .,’ ,_,,,: :’ :.‘:‘f$$ “,/, :..::,.:;: .,: ;;: ‘.$ .,’ ,_,,,: :’ 

24528 24528 . . 

1 1 3140 3140 53712 53712 33981 33981 25991 25991 
1.5 1.5 3111 3111 38518 38518 26596 26596 18394 18394 

2 2 3002 3002 35582 35582 22430 22430 17625 17625 
2.5 2.5 2970 2970 28756 28756 23 152 23 152 18699 18699 

3 3 3106 3106 24192 24192 17524 17524 
3.5 3.5 3256 3256 30726 30726 16716 16716 

4 4 3409 3409 32336 32336 17513 17513 

4,.5 4,.5 3411 3411 31791 31791 18455 18455 
5 3354 3354 42598 42598 18271 18271 

5.5 3223 3223 48782 48782 18020 18020 
6 2863 2863 36179 36179 ~ ~ 17384 17384 

6.5 2744 2744 32054 32054 17931 17931 . 
7 2682 2682 29659 29659 J8994 J8994 

7.5 2928 2928 25885 25885 22201 22201 
8 8 2844 2844 pvc pvc 7.5 7.5 14191 14191 

8.5 8.5 2914 2914 24153 24153 
9 9 2820. 2820. . . 22703 22703 

9.5 9.5 2550 2550 
10 10 2406 2406 

10.5 10.5 2558 2558 
11 11 2774 2774 

11.5 11.5 

Note: Shaded values have analyses abqve DOE soil guidelines. 
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DESCRIPTIDN #t?$ ClASSIFICtWIDN 

tymouttomoiet. 



, . 

@ : 
--- -- 



4@. : I3560 
138005 

. 



&I- I I3560 5 

,” ,, ,, .“, ,. .-. _- 



In 
113560 



PILL HAKE ARD -EL 

DESCRIPTION ftN0 CUWSXFICATION 



Vtntron I N 95.0 E 184.0 i Vertical 1 NOE 
B 
!Ei-92 rzz2 

RILL HAKE AJb )YX)EL SIZE R-EN OCX (FT.) TOTAL DEPT 
Hydra Group, Inc. soil sentry 8" 12.0 0.5 12.5 

CORE RECOVERY (FT./%) WND EL. P;H/EL. GRUJUD UATER EPTWEL. ’ TOP OF Roa: 
4.7139 NA / I 

SAW’LE HAWEB UEIGHT/FALl CASING LEFT IN HOLE: DIA./LENGTH ILDGGED EY: 

1 

141 

10 
ti 

IO/t 

CII y1; 

o.s-12AtfkM& 
yoliovriah brown 
~dlowish brown 
inid, rub-an&u to mii%&.&~- 
glxin8~ual wall 8ortd, alightly moirt, no 
plasticity, true brick aad coacmto, gha 
rhuda in placu. 

. 

12.O~OS~DIORITN GHANi’m 
. 

TOTAL DEPTH = 12.5 FT. 

IO’lES ON: 

Ez lzli%a 
WARFIcTaz ff’ 
li?nuNG, ETC. 

P PVC 
-9 ll8uted to 1: b-for 

Lslallm-IO-. 

‘VC cu$g ruwvad f1 
zi%iy tNmio . 

bcri tion and 
IakfiLtion by 
tual uumintin 01 
rmplr. 

don from 
tack-color chut 
ZSA, 194q. 

KF YD- 





RILL RUE AN0 WQ)EL 

OEscRIPTIm clP0 CIASSIFICATION 



GEOLOGIC DRILL LOG I FUSRAP 14501 .I 1 OF 1 SB-11 
WE lu#RoiHk~Et vdlot sTRTunwiS (AHGLE FROM HORIi@EARUlG 

Vtntron I N 105.0 E 150.0’ 1 Vertical f NOE 
R1LL M&-E ARD XQ)EL RBUtDEY OCK LFf.1 OTAL DEPTii 

Hydra Group, Inc. soil sentry 3.0 3.5 
P;H/EL. GRQIY) UATER EPTW/EL. TOP OF ROer 

I / 
WLE HAMER lJEIGHT/FALL LIWG LEFT IN HOLE: DIA./LEHGTH COGGED Sk 

none 
I 

1 

~ - 
- 

5 

iz 

- 

I 
- 

F 
- 
n 1 
53 
J 4 
- 

E 
E 

% 

I G. Pais 
(Tcaplrte: UCHTLLS) 

DEscRIpTIm iwo .~mTIm 

. 

TOTAL DEPTH = 3.6 FT. 

I’ PVC 
udnf 

e&%uF lo* . 

hcri tion ur& 
bnifktion by 
irud rnmin8tion oi 
-Ph. 

Mom from 
Rock-Coior Chart‘ 
GSA, 1948). 



CORE RECOVERY (FT. EPWEL. TOP OF ROCK 



EMPLE HAmER UEIGHT/FALL 

140 lbs130 in - 

P 
- 

$f 

- 

G. Pds 
- 

E 

8 

- 

(Taqlata: BCHTLLS) 

DBcRIPm MJD uAssIFIccITI~ 

6P - St it: DIORlT& Weathered and 
I-u tared. I 

TOTAL DEF’TE = 6.2 FT. 

OTES u?Ja 
Its !zEiiki# 
tl4fmcTER OF’ IRxLLms, ETC. 
3Alo& Dunplbd 8m 

ElizyiiEL 

i* PVC 
9 8urt8dto6z Q.for 

pnun8-log&ln& 

‘VC CdnJ mmoYd 

%aYk* 
p$JY trafnia 

. 

tiiiz!%n% 
iNNi uLunin8tion ol 
-Plc 

!olON from 
Rock-Color C&t’ 
GSA, 194a). 



L. TOP CAsxnt 

DEsu?IPTIoN #tND aAssIFIcAm 



I 
, 

I . 
/ , 

Vta tron I N’143.7 E 117.8 I Vertical 1 NOE 
RILL MKE AND ?fmEL RBURDEY 

Hydra Group, Inc. 
00: <FT.) OTAL DEPl 

8.0 
CDRE RECDVERY (FT./%) 

8.1 
PT/H/EL. GRWRD UATER EPTWEL. TOP OF RDCK 

I 
5MPLE HAHER EIGHT/FALL * SING LEFT IN HOLE: DIA./LENGTH /LOGGED UY: 

I 

(Tqhtr: ?CHTLLS, 

DESCRIPTIDN MD 
DTES DNt 

OJ -4.Oft:Gmw iii, Sand &sky yeliorkh 
- -),kn~tocouw 

NP-m~u grNl4, paoriy urtmi, 
mval pabblrr uad cobbha. 

f”““l a 

6.0 - 6.2 fk Sand, Dur 
YR2/2),fin*ta rN2 

yellowish brawn (10 

rii&ky moirt. 
um s=i-d, 5% gmel, 

I-PVC 
-5 84ut.d toe, ft.fol 

P=--iorruu. 

‘VC cuing awlxmad 
%kariN:$’ If;D.lfLaiit 

GiNi. it&pm thmugtiout, fine to-&am g 
mubun raii &Mad, mnb-ear to 

. 
rub-woundad pins, gmai$a cobbla & R-0 tt. 

1 TOTAL DEPTH = 8.o n. 

.i%-%& ChaiV 
38A,lq. 



DW 

‘ “$ . I 
ii 138005 

I - 
1 

- 

$y 
- 

i 

!E 

n - c - 

5 

% 

- 

G. Pair 

DEscRxPlIm AM) cLAssxFx~TIffl 

0.6-iQikIIIL;Gmr 
ysllowiab browa (10 % 

had Madmtr : 

phatieity, true ill) lily, thtda, a0 azmuats cind.r aad uh. 

2.6 - 6.0 f:‘Saa Gtwal, Pih ollotih brown 
I’0 YR s/q,%~,eoowisb Lrn (10 YR 

kJt\2wi&~% l-zzkg~~~~* 
aligbtly ‘mot:. no plaa’iicity. 

TOTAL DZPTIi = 6.2s ?T. 

m-Es ON! 
WER LEvEls, 
gf$g?&T 

n?slKNG, ETC. 

r PVC 
-9 MertedtoS. &for 

--bS&. 

. 
kiiizz&% ion oi iiglF-- 

Moss fmm 
Rock-Color Chat’ 
38A,lB481. 





GEOLOGIC DRILL LOG I FCkRh’ 14501 1 1 0~ 1 1 SIB-23 
iITE jCDUWATES ud/or STATIDH.IWCS /AtiDLE FRDU HoRli@EARING 

Ytntroo I N 105.5 E, 102.5 1 Vertical 1 NOE 
Earn )XMPLElED bRILLER . FRILL HAKE ARD HCDEL ]SXZE ~RRUIDEW jROCK (FT.) BCJTAL DEPTH 

9-9-92 f 9-9-92 1 Hydra Group, Inc. soil sentry f 8” 1 8.5 .I 1 8.5 
ZORE RECOVERY (FT./%) WND EL. GRQIY, NATER EPwEl. Top OF Rool 

Cl/64 NA 
Pjti/EL. 

I / 
WLE MHRER UElCHT/FALL /CASIRG LEFT IN ,IKKE: DIAJLERGTR bOGGED BY: 

2.11 

2.0 

. 

r.s 

10 I 
l 

3 
UL 

T 

T 

i: 

iJ 

br/3( 

r 
1 

(Taplate: RCNTLLS) 

G. Pair 

brown (10 Y 

ox-8Ait:ML 

. 
!L!iaS%tt. ior 
P--kdw 

huri tion and 
i~tioll by 
inr8x 8x8mbtio8 04 
unpir. 

Moxm from 
Rock-color Cbut~ 
GM, 1948). 



= 2” D.D. SPLIT sPmu; 
TIUJCUS SAMPLER 

I- 

., 
_ - 

IO- 

lS- 

. 

w- 
. 

- 

¶S- 

#- 

86- 

I G. Pais 

flY 1 <TaIplrte: ICnltLt) -- # z R 
DESCRIPTION AND aAssIFIcATIoN 

% 
0.0 - 4.7 R: G~vdly Sand, fine ta con 

f” 
‘nod, rub-angular to sub-rounded gmim, 

a% gravel, trau rmouak of wcmd. du8. 

4.7 - 8.6 it: coal and Ash, Dur 
i/l), Olive black 1” Y 2&yz!(6 YR 
orange (lo YR 8/ ), Y orub gray (S Y 
8/l), chalky taxturn bhcky stnacture, mica, ---- .-_.. -.--- --3 L-L2 

ad brick, trace coal and iih, dif, 

rracm gmn ana ~ncc. 

i 1 trau grave!, tiau cod, digmy-iii&t, a& 

I 
8 

19.0 - 213 it: Aah md Fill: Cra ’ 
?],~xpj@m _Wt CNY (N 6J %kd%t(N,’ 

-, P 8t8y StNCtUrr, 
mom, gma raads, brick hgnmts. 

213 - SS.0 a: Sil to Gmvally -S&f, b&dim 
mvfNIIt0 raviahblackfN2 .t- 3 
oI+iiu,htmated 
pluck. 

I raft to rlishhtly firm aad 

TOTAL DEPTH = 36.0 FT. 

E Last Update VCNvnr\N - nTxrEnT \i a,. ee. ~TTT,L1T?-aY 

lo-mm: 
gg Fgg$ 
- OF’ 
RILKNG, ETC. 

3orehob drihd awin! 

3°&%rs 

sircan horisoatd 

huri onurd 
Jauiztioaby 
imual examinatioa ol 
=m. 

MorshNn 
$xz$~~CO; Chart- 

. 



. J38WEJi 

~PROJECY 
I i 

SHEET RO. kOLE RO. 

GEOLOGIC, DRILL LOG 1 FUSRAP 14501 1 1 OF 1 1 SB-2S 
EITE @ODRDIU7ES and/or STATIOHIIGS /ANGLE FRQl RDRI$WfWiG 

Vtntron 1 N 117.0 E 99.0 i Vertical f NOE 
RILL MKE AMD HODEL RBURDEY 

Hydro Group, Inc. soil sentry 4.5 
ZDRE RECOVERY (FT./%) WND EL. 

NA 
Py/EL. GRUBiD IJATER EPTWEL. TOP OF RDCX 

/ / 
AWLE IlAW3 UEIGHT/FALL SING LEFT IN ROLE: DIA./LENGTH fiOGGED BY: 

IS/30 - 
= : 

9 
kn 
B 1 

c 
d .‘1 

-z$ 

-ii 

ii 
SOT- 

z 
loo/s. 

!E 

! - 

E 
8 

foTEs ON: 
gEf’Ef# 

- OF’ 
IRILLIW, ETC. 
lodlo& umplad MC 
Fizt)iS,Z~ 

‘ 

- 
Oa -‘O.C i: ASPHALT. 

o~~~~~~~t~~~~~wun 
gralmd. rub-aaguhr to rub-;oundod grqim, 
rub-rounded to roadad gravel &at., poorly 
aohad, dry, frhbb, traw matal eagxnalb. , 

, 

U-IsfkDIORlZW 
frah dcllllq iziduei=ad PeOx 

l Dark Gray, 

rtdaad ihcturm, vary dam urd hard. 

1 TOTAL DEPTH = 64 FT. 

C 

22StoS kfor 9 mlulm-logging. 

won from 
Rock-color ale- 
GSA, 1911). 



E 
- 

$5 
- : 

la- 

II- 

2a- 

2s- 

aa- 

. 

I G. Pair 

!#?A 
(Template: UCHTLLS) 

‘2 DEscRIPTIoN two cussIFIc#lTIoN 

0.0-21en:?ILL. 

_ 

16.0 ft: Incrwma Gmvd to l&20%. 

ydlowbh brown (10 YR 
guy he to couu grain 

dew firm, moist. 
2S.8%%kur’Grwd to 16%. 
24.0 - SlJ t: SANDY GRAVRL (So); Gra * 

Ollw (10 Y I/l),.tru.a rilt, poorly-mrt ax? 
go. 2 gmlllod, utur8td 8t 26.0 ft., 

8 

. 31.1- 32.0 ft. DiO~ 
TOTAL DEPTB = 82.0 FT. 

! 

; 

: 

l 
a 

i 
I 

I 
I 
1 

a 
a 

I 
C 
Y 
8 

C . 

(; 

BTES ON: 
i%i kKi# 
MRCICTER OF’ RnLING, ETC. 
$;s;gs 

)omholr dr3l.d usin 

iLiF%SfSft.fa 
plBlldOgg&. 

huri tbnuld 
hi&i 
imA 8xuZZon 01 
ullpb. ‘, 

NON from 
Rock-Color Chart= 
GSA, 1948). 

DLE HO. mm a* 



. 

G. Pair 
(Twpl8to: Ec1TLLf) 

DESCRIPTIOFI fao UAssIFIrnTION 

OJ-l11t:?IxL 

2.4 - 6.0 t: Sil 
bmm(10 3% Blo&zsod. 

Sand, Modustm 
6/4),fiaoto 

traucousagmna,sub-angularto 
rub-~~d~~,tr~Fva~bblw. 

6.0-~Dt:Cle~toSU~S~,G~~bram 
(S YR /St), fin8 to zlwdhl grahmd, tr8w 
w- u=-, +--cd= a+=.. 
+-~y-.4 ~-WOW Pa-=, riubtlr 

* 

. llxn,R~Q~~!gD,aocK I 
TOTALDEPTH= Il.5 FT. 

ldonfrom 
Rock-oolor chut- 
GSA, 1048). 



TOTALDEPTi?=Q.OFT. 

C‘YIY, em . -- *r-s.-m-w. --WV--- -- - - -- _ -------Ye-r ~-L-ilnvLL 1IY. 



- 
C’ IJOB No. [SHEET no. hOLE PO. 

10 I . 

1 i 
1. 

i: 

i: 

iK 

5Y 

!E 

I G. Pair 
(pplrtc: OCHfLLSj 

DEsu?IPmN Mn #Assm~TIoN 

08-&7*lmL 
9.0 - 4.3 fk QrsvaU Su$, Dusky pihriah 

brown (1’” yR 2 t), nhghtll axnat, my I 
alight p utruty m plum. s ag, ash, bmck, 
cinder, true 0-c mattu. 

2.0 - 2.2 fk SU 
brown (10 & 

Sand, Modeth yIuorirh 
s/ 41, drlr, fhbh 

had, +hrats pIIowlsh 
rLIhLIY =-t, WV 

8.0 fk Saturated SUty had. 

8.7 - 9.5 LL: DIOIUTIC GiUNlT& We&wrad 
sad Skab l ufuu, drill@ induced aaguhr 

TOTAL DEPTH = 91 FT. 

DTES ONt 
EEi is.%@ 
#.ifwcTER OF*. 
lRnlIw, ETC. 
soNholo~umplod aal 

izii$iE%rp 

. 
k%%%:n?$ 
irld examlaation d 
-Ph. 



APPENDIX E Y’ 

WALKOVER GAMMA SCANS AND 
SURFACE CON’MMINATION SURVEYS OF BUILDXNGS 
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ACTION DESCmON YIMORANDUY 

REMOVAL O? CONTAYWATRD ROOFING PUTBRIAL ?ROY 
BUILDING8 A AND Al AT THB VIWRPN IWI’& 

BRVBRLY, HAISACBD~ 

Energy and Envhnmental Sptems Division 

1 BUYMARY 

As part of ita Formerly UtilIced Sites Remedill Action Program (PUBRAP), the 
U.S. Department of Energy (DOE), Oak Ridge Operations, proposes to perform remedial 
action activities at the Ventron sfte in Beverly, Massachusetts. Portions of the rite are 
radioactively contaminated as a resuit of programs previourly conducted by the 
Mtiattan Engineer District (DIED) and the U.8. Atomic Energy CornmIssion (AEC). The 
proposed remediaI action consists of the foi.iowing activities: 

l Removal of radioactively contaminated roofing materiai from 
Buildid A and Al, 

l Packagirqf of this materiai in strong, tight containers suitable for 

transport of Iow-rpecific-activity radioactive materirl, 

l Transporting the containers to the Hanford site near Richknd, 
Washington, for dispose, and 

l Replacing the roofhg with materhI of comparable quaIity. 

It is estimated that about 160 m3 (200 yd’) of packaged radioactive waste wiII be 
generated by these activities and will be tmqortd to the Hanford site in seven 
truckioade. Thb action will be carried out fa compliance with all appliuble he&h, 
safety, and l nvironmentaI rquIatiow. Mitigatfve me- wiII be W to reduce 
l nvIronmeataI impacts to Ior IeveIs and to minimize the p0tentia.i for off-site relewke of 
contaminated material. AnaIysis of potentfal en,nviFoamentaI impacts and potentiai 
?mzar& to workers associated with this p?opoW interim ram&N action ideates that 
tb action wili not have a significant impact on either the environment or the health of 



% . 2 IiWfORY AND NZED K)B AC’lXJN I 

The Ventron rite Ir n 1.2-h (S-acre) parer1 ol land loaated at the eonfIuence of 
the Bus md Damen rivers in Beverly, Yassachuutts. R&rly is a town of about S&O00 
lnhabltaab located on the Atlantia aout, about 24 km (1% ml) northeast of Boston. 
lkonoofa activities in the area incfude fight mmufaaturing l otivitias and some fIshing 
and tourism. TRC area provides good employment for a beterogeneoir and stable 
eommuuity. More affluent communities with Iuge nddencer and vacation bomu are 
Iocrted euirby. 

The Ventron faciIity is owned by the Ventron Division of Horton Thiokol. 
Uranium processing was previouaIy curled out in three buiIdings rt the site under 
contract to the RED and the AEC (Fig. 1). From 1942 to 1948, uranium oxide was 
converted to uranium mrtai powder. MaequentIy, uranium wu recovered from wrap 
materi& (Rechtei NatL 1986). Two wooden buihiiqs containiq the foundry operations 
were demoiished between 1948 and 1850, and two new buihiigs were buiIt as 
replacements. The third original buiIdIng, which 8tIII stands, corMned furnace and 
leaching: faciIitie8, mixhq end drying room4 lab 8x3 a.naIyticrI laboratory. The totaI 
8mount of umnium processed at the Ventron site t unknown. 

Radioiogfcai surveys of the Ventron site were carried out In 1848, 19’11, 1980; 
and 1982. The 1943 survey showed that the two originrl foundry buiIdiqs and pieces of 
equipment were contrmineted, ?“be 191’1 rurvey WM l plontory in nature md hdicated 
that a survey of the entire site was needed. A 1980 rurvey of the outdoor portion of the 
rite indicated that the eoII wu contaminated with uranium, u weIJ as rm&Ier &raoun+(r of 
thorium-230 and radium-226, to estimated deptha of 2 to 3.5 m (6.6 to 12 it) in.some 
areas. 

The 1682 survey covered buiIdfngr and structures on the dte. &otty surface 
contaminmtion was detected on the surf~~.~ of fI~rs, w&Is, overhemd WUS, rrJd crawl 
spaces. Some beta-gamma dose rates were In exceu of the current guiddines applierble 
for release of the property for unrestricted use (A~Q. A). 8imiIar contamination levcis 
were detected on the mf of Building A (?ig. 1). 

The Ventron Division wouid like to repIace tba room on RuiIdings A and Al ma a 
maintenance 8ctIvity. Because the roofi- on these buiIdiqs is eonteminated 8s a resuIt 
of previous MED/AEC ad&ks, DOE has agreed to perform this maintenance activity 
at this time. Rem&W activities at the remainder of the site wiII be performed Iater. 

This docum8nt is Iimited to the propoW removal of contaminated roofing 
materid from EMdings A and Al, transport of this mrterid to lIanfo& W-on, for 
dirparrl, and repIacrment of the roofing with mrterfal of co5parabLg qudity. 
Documentation of l dditionaI remedld actions ot the Ventron site wi.II in the 
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TIM roof of fiuilding A mxubts of a layer of thin tar paper oovoral by l second 
layer of tNcker two-ply tu paper with tar and then grwrl on top. The lower Wing Ir 
contaminated and Ir covered by the relatively uncontrmineted upper roofi+ lmall 
amounts of tu and gravel that formod th, top layrr of the lower room (wNeh wu 
mostly removed) are still present between tlm fimt and second layers. Tha l vorege 
thkknen of the complete roOnrq Se 2 to 2.9 cm (0.9 to 1 ia& thb Is l rough wtimrte 
because the thickness vuitr appreciably at different placea on the roof (Lester 1997). 
Detaila of the Building A roof are given in Pig. 2. 

The roof of Building A includer three penthouses or skylight.& The penthoracs 
have roof8 covered with the umr material u other puta of the roof. Each penthouse 
roof hma a 5-cm (2-m.) ovuhmg on ail rides. Roofing also extends 20 cm (8 in.) up the 
rider of each penthouse. 

The roofing of Building Al consists of l layer of tar paper covered by tar and 
gravel. TIM average tNcicncu of the roof@ L about 1 cm (0.4 in.) (Laster 1987). 
Building Al has one skylight or penthouse on the roof. The aluminum roof of the 
penthouse wili not be removed because it can be deeont~minated in place. Booting 
ertendr 20 cm (8 in.) up the sides of the penthorpe. Details of the Building Al roof are 
given in Fk. 3. 

#D 
The thicknesses and dimensions of the roofs can be used to estimate the total 

volume of 
41 m3 (54 yd “3 

fing to be removed during this rem 8l8ction. The estim*ted volumes mre 
) 

45 m3 ($0 yd3,. 
for Building A and 4.1 m3 (q.4 yd ) for Building Al for a total of about 9 

The concentration8 of raurium Ssotopea me88ured in umples taken from several 
locmtions on the roofs of the two buildinga are g!ven in Table 1. The eoneentrrtlons of 
uranium are much lower in tbe hildhg A roofing than in Building Al roof@. 0ne 
explanation is that the samples may have been taken at shallow depth in the rwfing and 
thst only the relatively uncontaminated upper layer in tbt roof of Wldlrq A was 
analyze& Ycuured kta*mme rctivity 1eve.b of the lower (&surfrce) roofing were 
h&her by a factor of about 10 than tbme of the \PPcr (surface) roofing (Leichtwefs 
1987). 

The valuea given in Table 1 for the Bulldbq Al roofing can be d to determine 
average concentrations of $70 pC!lg urmium-22% 31 pCi/g uranium-225, and 910 pCi/g 
umdum-234. The rvmge coneentrrtiorta of uranfum i#otopes dvcn in Tmble 1 for 
l!hiidiqA ro0fii-q - 20 pCi/g uranium-238, 0.91 pCi/g uranium-235, and 29 pCi/g 
~anhm~224 - are urumed to apply to the wr or eecond roofing of Building A. 

*Roofing refers to tar paper, tar, end sand/gr8vel; roofing material includes roofing and 
the underlyirq roof deeking. The followirq description rpplies to roofing only on 
Buildings A md Al because no data are available regudim the extent of contamination 
in the roof decking. 



. 

3 

ts.enb+u o33n*la.ett+43nn 

. 

NOltOscrie 

12on B 

FlGuR.Et lIl&albo(tbrRQQfd~A 



10h 

t=k r 

6 

139115 

60 ft.- 

. . 



, Totd Ueirht 
kpth Da8 VP@ of 4 

kilaI9 km) coll.actd AMlY8i8 .I (vat/dry) #ci/# WY) 

A 

A 

A 

Uupl .a 

A 

Al 

Al 

DUpl .’ 

Al 

O-2 

O-2 

o-2 

o-2 

CM 

o-1 

o-4 

O-4 

O-4 

6/S/97 

e/s/at 

6/S/87 

6/S/87 

6/S/67 

6/S/67 

6/S/87 

6/S/87 

b/5/87 

Utdw234 
Uraaiw235 
Urmiw239 

Urdur234 
urbniw235 
Urdw238 

Uraniw234 
Urdw235 
Uraniw239 

Urlniw234 
Urdw235 
Uraniw238 

Urmiw234 
Uraniir-235 
Umniw238 

Uruiiw234 
Uraniw23S 
Uraniw239 

Uraniw234 
Uraniw235 
Urdw239 

Uraniw234 
Urdw235 
Urdw239 

Urukiw234 
Urdw233 
Urdw238 

665/616 

779/710 

7731646 

7731646 

710/618 

602/548 

729/654 

7281654 

4301390 

3.5 f a.4 
0.2 f 0.1 
3.9 f 0.4 

56 f 1 
2.6 f 0.3 

55 f 1 

12 f 1 
0.5 f 0.1 

12 f 1 

10 f 1 
0.4 f 0.1 

10 f 1 

11 f 1 
0.4 f 0.1 

11 f 1 

1UOO ,+ 100 
40 f 20 

900 f 100 

1170 3 60 
so f 10 

1140 3 60 

1140 f 50 
30 f 10 

1050 f so 

360 f 40 
30 f 10 

620 f: 40 

%plicatr 84mp lr duplicate kpler uere mnrrged to$rthet before ; 
corputing the average concentrations reported in the tut. 

Source? brtr fra Lhchtueir (1987). 
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Average unnlum ooncontrationr b th, &war roOnq of Building A ‘aan k ntlmrtmd 
from the MuloI of the ktr-(lrmmo m~rya of the roofs (Leiohtwelr 19D7). 6urfrce lrnd 
zWurf8.s ratiattl~ were meuured rt nine locrtiona on Bulktiq A, inaluding two of the 
penthour roofs. W 8verage v8lue8 from ttm nine loortionr uo 110 opm burf8ad end 
5@,000 apm (aubmrfree). For Buildhq Al, the rvrrege of ruSrae vrluea seuured rt 24 
burtfoar b S,OOO cpm. tar tlm BuBdhqAl roe?, 2,lHOapm kta~ammr activ!ty 
e to about 1,200 pCi/g total ur8nium. Aaaumlng this nmr ratio for the 
Buildiq A roof, the total eatimrtod uranium aoncontratioa of the bwer roofing of 
Build@ A la 8bout 5,200 pCUg tow ur8nium. T%is urumption rpprua to be reuonrble 
becrtme rgplylng it to the upper roofing resultr ln u1 estimrte of 8bout 99 pCi/s tot83 
uranium rherua the mcuured rtiue fr &but 41 pCi/g. The factor of 2,) blflennce 
between the valuer is rewnrble considering the mmy urumptionn involved. 

These artim8tes refer to uruhm eseentrations only 8nU do not include other 
r8dionuelidcr in the uranium decry ch&, such u thorium-230, radium-222, md 
8noci8td decay Pl’OdUCtS. No data are rvril8ble on the concentr8tiona of tbae i8OtO~S 
in the mofing. However, concentmtionr cu1 be mqNy estimrted from the meuwd 
conccntntions of ur8nium-23% thorium-230, and radium-226 in soil 8t 27 loc8tions in the 
Ventron rite (Bechtel N8tioti 1916). The 8venqc concentntbns me8sured in the soil 
(with no corrections for a&ground) were 2.4 pCU6 radium-226, 7.2 pCi/g thorSum-230, 
8nd 5,700 pCVg uranium-238. The estim8tes eummuized ln T8ble 2 8re besed on the 
urumptions th8t (1) the rctivity ntioa ln the raoflng w similsr to tbo8e in this 
eont8minrted soil qd (2) urmnium-234, uknlum-235, md urmium-2S5 vf prcoent in the 
roofing in their nrtur8l rctivity ntlor. Thue unrmptionr uc reuonable given th8t 
a8ture.l urmium wu procuMd at the Site. 

TABLE 2 lWm8ted Eedlum endThorium Ccmcentr&ocm tn -of 
B&i%q8ArabAl 

Concentration (pCi/S) 

Building 
Tot81 Specific 

Tot81 Ur8nium Thoriw230. kdiw2268 Activi@ 

A rurfrce 0.025 0.0084 81 
A rubeurf8ce 3.3 1.1 11,000 

Al 1,800 1.1 0.38 3,600 

%lwa do not include background concmtr8tions. 

bfndudrr the contrikutionr of interrrdi8te deuy &&a between 
urpniw23S 8nd uraaiw234 (i.e., thotiw234 and protrctiniw234). 
Valuer Are reported to two riSnific8nt figurer. 



T%o total aurh aontont and l varqo 8poalfla aatftity of th roofln(r we?0 dater- 
mined u folhm l%o total muua 0 tba co 
Iwing tb rtimatod rolumw oi 41 P 

i fi 

ponontr of the roofing 914 
(24 yd fo? lhfldiq A and 4.1 m 

j-0 &taqhwl 

ItulIdinl Al mad urumlq a dofmlty of 13 g/am 
(6.4 yd ) for 

for the roofI+ It w88 amumd that the 
fkat g ahu?faca roofhlg on Eundf~ A (tbo fht tar papa? Iayor and ?uMual tar below 
thoaeaxbdI8yu- uo Pig. 1) ha.9 I tbkknew of rbout 0.6 em (0.25 la.), whleh la ofw- 
fourth of tbo total thicknem Ualn( the total ~lflo uttlvitlw glroa Inr Table 2, VW 
tWpU roolfq on IMIdi* A !a utfmrtad to oontdn 4.2 aCi totd rothim tlu lower 
rooflq of Building A, 120 mC1; md tlw roofing 00 Buildiy Al, 2) aC1. The total 
rmount of activity aaiaiated with an the roofin( t utbaatod to k 220 ma, and the 
l vwage activity t ntimrted to be 2,800 pCi/g. Beaauu the aver40 ratlvlty level b 
vcat~ tbur 2,000 pa/g, the roofirq mut k aon#fdtmd u Iow+gmclfia-actfvity 
radioactive materhI for tmnaportation purpauq u Wind by tb 0.R Deputment of 
~tion (DOT) in 42 cm Part 1?2.422(y~ 

Tbse eathates of totrt l atfvity 8nd epeaifia aativity do not inah& any roof 
decking. If appreciable amounta of roof deekhq are determined to be contaminated, the 
total wtivity of oba, roofing material would &va to be increased to in&de the 
contamsMted roof decking. 
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The weight restriction for 3cgal wclght shlpmcnts ls 36,000 kg (60,000 lb) per 
shipment, including the wcQt3t of the tractor. Assuming that the trailer wclghs 
cgproximately 15,000 kg (32,000 lb), the cllowablc payload per shipment is limited to 
21,000 kg (48,000 lb). Bceause the weight of the package alone is about 10% of the 
wcfght of the filled packpoe, about 10 boxes can bc tranq~&cd per shipment. Thus, a 
total of scvcn truckloads will be required to trancport the wastes from the Vcntron site 
to the Harkford site. 

‘I%c jmposcd route to Hanford is shown in ?i& 4. The trucks will exit the 
Vcntron site and prooccd north on Highway l-h until it intcmcots Massachucctts 
Route 22. The trucks will travel west on Route 62 to intcrstatc 8S, pmeccd couth on 
I&Mat0 95 until it intcrsccts interstate 99, and than travel west on interstate 90 to 
aary, Indicna. At Oary, lndic~, the trucks will travel wcct on In&state 90 to Bait Lake 
City, Utah. The trucks will tbcn prooccd north on Interstate 64 to the Umatilla cxlt and 
tbm nocth on Oregon Route SOS to the Orq@Washlngton border. Born tbc border, the 
tmcka will proceed north on Urohington Route 14 to Wuhigton Route 12, and then 
~WCI north on Route 12 toward Richland, Wuhhgto~, until intcmccting with 
interstate 192. The trucks wlLI travel along Intcrstatc 192 until reaching Washington 
Route 240 and then take Route 240 to the too-West Area on the Hanford sftc where the 

4 DlBCB.KFDOW Ot THlt PPOPOtU3D ACTiON ‘.s’tlli: A 

Coctamlnrted roofing wili bc rcmovcd tulng mcthob that mlalmlrc the amount 
of Qut peoduccd and the possib)c rgncd of oontcmfncfion. In addition, come roof 
dcckirq may have to be rcmovcd if it aannot bc dcoontrmlnatcd In piaac. Contaminated 
Nrfam rat bc dccontamlnrtcd by cic8nirtg, acrapiq, 8nd wire bnd¶ing rcthiti~, 8s 
nccdcd. Dcoontaminatlon will contlnuc until the lcvcls of rcclduai ndbaetlvity meet the 
criteria dcvclopcd by DOE for nlcamc for unrcctrictcd IWO (AQQ. A). ‘flu nmovcd 
mfiq Ek8tUid wul be broyht QOWH to tbc mund and jwckycd !!I rWr%, ‘“if 
coat- thst meet or steed DOT rcqulremcnts for shlpmcnt. Use of 23 m (3 yd 1 
steel boxes is currently plannti , 

Tbc volume of packcged waste was cstlfatcd yfollorn. The volume of oontam- 

l-t9 roofing ls cstlmatcd to bc about 45 m (60 yd ). Thls volume was doubled to 
90 m (120 yd ) to account for oontaminatcd raof decking that mry have to bc rcmovcd, 
contaminated protective clothing used by workerr, and any other mlsocllancous waste 
6cncratcd by these l ctivltics. Tbc spcoific activity of tMs additional material is 
ascumcd to be the same as that of the oont8minatcd roofing. The waste will be 
compcctcd Snto eon2ainers to the extent practtcable. Bccausc of tbc ruhnv of the waste 
(i.e., n~finq and construction debris), a slgnificcnt amount of voids will remain after the 
waste is packyd. Therefore, the packaged waste volume is cstimatcd to be about 
150 m3 (200 yd ), wjlich requires a total of about 65 boxes. 

The boxes will be placed on flat-bed traIlerr for shipment to the Hanford site. 
The boxes will bc secured to the trailer and then covered with a tarp. Prior to leaving 
the site, erch truck will be radiolo@cally murvcycd to CNUH that no radloactivc 
contamination is present on the exterior of the truok (in particular, OH tP? tires). If 
needed, the trucks will bc dccontaminatcd prior to leaving the site. 



11 : 

I39115 
Qispoui feeiwy for the rubs b iocatcde The total tcmh of the route is cbout 
4,990 km (3,000 ml). 

After UM 3ontrminrtcd mrtcrir) ia rcmovcd, the rcmrlnin# roof Qcckircp will k 
bpcet& for tb8 pwcncc of any rcsldual eontamln8~ion 8nd fof my etructural 
P--eu. n---n , subccqucnt work will be done to m&at 8ny rtrWtw8i problrms 
and roducc contamination to lcvcls that meet DOE aritcrlr for rclcw for unrcstrictcd 
-UPS* 

After the roof dcckiq has paucd lnspcctbn, new roof dcckfng will be !Nt8iicd 
in 8n~ arcu from wbiah contrminrtcd roof decking wu rcmovcd. New rwfin(: will then 
k installed over the dccklng. The quality of the new mr~criai will bc rlmihr to that of 
the nmovcd roofing m8tcricI. After instal3ation ia complete, the acw roof will bc 
impcctcd to cnwrc that its quclity is rrtisfactwp. Any problcmr found during the 
iJlspcction wiu be corrcctcde 

FKmu4 Propucd ThqortationRoutcto~l3aafd~te 
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9 6aYMARY ur WPACTS 

6.1 RADIOLCXNCAl, IYPACTB AT TE.B VBNTPON 8111 

The incrcmcntai rrdiction doocs to the gonerd pkc from decontamination of 
the ooatrmlnatcd roofs at the Vcntron site UC cxpcctcd to k very low oompucd with 
doccc nccivcd from bcckground sourocs of rrdirtion. The work l nVironmCnt will bc 
monitored for l irbomc ndioactivity during rcmcdial rction l ctivitic8, and eor?cctIvc 
8CtiofM wilt bc implemcntcd if mcuurrblc oonccntratlons of radloaativity uc datcetcd. 
This will ensure that radirtion doccs to the gcncrrl public will bc kept Immcuurably 
rm8iL 

The potential radiation doccs to workers pcrformlng the rcmcdill action will be 
kept PO low u reasonably achievable (ALMA) by standard heclth-physioc praaticcs and 
rtrict compliance with DOE cnvironmcntal protection, safety, 8x4 health protection 
guidclincc given in DOE Order 5460.11* The predomincnt pathways by whfch workers 
could incur mdlation docec in excess of bcckground expocurc 8rc direct extcmal radf8tion 
md inhclatlon of rirborne nd~oactlvc contrminantc generrtcd during th8 dccontami- 
nation and waste-packcging rctivitics. Radioactive wutc-handling activitlu will not 
result in any signific8nt radirtion cxpuure. 

Work practices and procedures wlil bc developed to court that occupational 
doccs to workers & controlled 8nd limited to does that &re only 8 rmdl fraction of 
those specified by DOE regulations for occupatlonol doses. Workers will bc trained with 
rqjprd to rcdiltion risks and proper health-physics procedures. The potential dotes to 
workers will be kept low by minimiting.the amount of airborne oontrmirmtion through 
practices such u wetting surfaces to minimis? dwt generation. In addition, workxs wSll 
wter respiratory protection equipment, u necessary, to reduce the likelihood of Inhaling 
ndio8cthely oontamlnatcd p8rtfculrtcs. To monitor the environment, air samples wlR 
bc collected dt&g tbc cntire nmcdirf rction period. Procedures to minimlxc radi8tSon 
docec will also serve to minimize cxpuure to any hz8rdous chcmicrlr, such as asbestos, 
that may bc prcunt. 

The oeeupctloncl doac commitment au cctimatcd by conservatively assuming 
that an l vercge oonocntration of 1,000 pCi/g of uranium-236 (with uranium-235 and 
uruhm-234 present in their n8turcUy occurring conecatrationc) ic p?Wcnt in the roofing 
material. A mus loading factor of 5 mg/m3 of rccplrabic durt b accumcd. Thic Wuc, 
which is conscrvatlvc, is the maximum value for rcspir8ble dust in the workplace u 6jvcn 
by the Occupational Hcdth and Safety Administration (29 C?R Part 1910). Tbc total 
length of time cssociatcd with the propsred dcoont8min8tion rstivitlcc is cstimatcd to bc 
249 work hours over 8 lo-week period. Durhbg all l ativitics that have the potential for 
gmcrat~ tiirbome rRd!o8ctivity, it is 8csumcd that workc= will wear respiratory 
potcotton cquipmtnt providing a protcotion factor of 10 (the IBamc factor that in 
e b, bdf-m* - see 10 CFR Put 20). An inhalrtion do8c frctor of 

l Chapter Xi of order 546O.lA h88 ken 8mtndtd - see Vauphan (1965) and U.23. Depart- 



0.2s m~m/pCi lnhalcd and an external docc f8ctor of 0.16 (mrcm/yr)/@Ci/am2) UC wed 
(OtSbcrt et at. 1985). A workor is cctlmctcd to incur an lnhalctlon docc of Jbout 36 mnm 
duriq &contamination rctivitics, uru;aing 8 twcrthl~ P8tC of 1.2 In /h and 8 lung 
alearcncc elk of Y.* T%c cxtorrul dose to a worker is ectlmrtcd to bc 22 mrem. 

nW eombin8tiofJ Of thC Cstim8tCd intU)ItiOn 8Ed l &l~ dCCCs #iVC# 8 rCCZZtta6 
total W to 8 worker of 59 mum. The entire oceup8tlonat dose eommitmcnt to 8 arcw 
of 10 workcn is cstimatcd to bc 0.69 person-rem. The same work foroc would lnaur a 
docc of about 0.49 person-rem from k&ground sourecs of radiorativity over the same 
time prplod 

$3 TSUN8PORTATlON IMPACTS 

l%c doses to the general public rlon6 the transportation mute and ncu the ’ 
Hanford aite would be very low due to (1) the low cxtcrnal dose rate ascociated with 
these wutcs (estimated to be less thsn 0.05 mrcm/h rt the surface of the vehicle), * 
(2) the dist.~ ‘. :. n these wastes of individuals along the transportation route and near 
the hnfotc! si ; a (L.C., the external &cc rate deerc8scs ra#dly with distano~)~ and (3) the 
minimal 8mount of particulate rclccscs cuocirtcd with transport8tion of these wutcs 
becaue the wutcs will have been packaged prior to transport. The prim8ry mcehanlsm 
by which truck driven would incur a radirtion due while transporting the wastes to the 
-Hanford site is cx$e,rncl radiation cxposurc. The external dose rate in the truck cab is 
totimrtcd to bc about 0.01 mrcmh above background. Based on 8 distance to the 
Hasliopd site of about 4,900 km (&SO0 mi), 8 driver would be cxpoccd to the west88 for 
about 60 bours UK! the &cc to the truck driver would be about 0.6 mrem per trip. For 
tbc estimrted seven trips reqircd to transport the wutcs to the Hanford site, the 
ooileetive occupational dose eommitmcnt for transportation is cstimatcd tc bc about 
8.4 percon-mrcm, ascumiq that each truck has two drivers. 

Transportation of the wutes to the Hanford site would incrcuc the potentid for 
traffic aeeidcnts to ooeur, with rccultant injuries and possible fatalities. For this 
Wment, it wu assumed that seven round-tripe would bc rcqutrcd to transport the 
WRSMC to the Hanford site, a total round-trip distance of about 67,000 vuhicle-km 
(42,606 vehicle-ml). The number of injuries and fatalltics assoojttcd with tPusrportatio_i 
m&dents was cstimatcd rrriq the unit-risk factora of S.1 x 10 injuries and 2.0 x 10 
fdditiea per vchiclc-km for truck transportation (Wolff 1964). A total of 0.024 injuries 
and 0.0020 f8tmlities arc cstimatcd to result from truraportrtion residents, It Is very 
unlikely that my truUpMation-r&ted injuries or l eeidcnts would occur u 8 result of 
the pl8nned rtmcdial rction 8ctivitin, 

*Internal doses UC given as the 50-yeu commlttcd effective dare equivalent as 
recommended by the Intemationd Commlrsion on Radiological Protection (1979). 
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DOB QUIDBWfES H)P -DUAL RADIOACTNJI YARkZAL 
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U.S. DtMRTMMT Ot Ql?WY CUIDSLIN?!S 
lroI RCSIDUAL EADIOACTIVII XATCRIAL AT 

FORM%LY UTILIZm SITES ILMCDIAL ACTIOY ?Sloc1u)( 
Am 

m4oTc SuRtLuS tACxLITIE4 MANtim tftocRAx SXTlS 

(Rrvirion 2, Msrch 1987) 

This document prowar U.S. Depsrtunt of Znrrgy (DOE) rsdiologicsl 
protection guideline8 for cleanup of residual rsdiosctive material snd 
manyseat of the rerulting vsstes and residues. It ir sppliesble to siter 
identified by the Formerly Utilited Sites Remedial Action Program (FUllRAP) snd 
remote rite8 identified by the Surplus ?srilities Hsnsgemsat Program (IFUP).* 
The topics covered sre bssit dose limits, guidelines and authorized liaitr for 
sllwsblt level@, of residual rsdiomtive uterisl, and requirement8 for 
control of the rsdiosctive waster and reriduer. . 

Protocol8 for identificstion, chsrscterisstion, and designation of fUSSA. 
site8 for remedial action; for irplementstion of the rcmsdisl action; and for 
tertificstion of a F’USW rite for release for unrcr:r:::ed use nre given in s 
rrpsrste docueteat (U.S. Departunt of Energy 198~~ UIC rubeequeut guidsnce. 
Xore detailed informtiw on applications of the guideline8 prerented herein, 
including procedures for deriving rite-rpecific guidelines for allowable 
levels of reridusl radioactive msterisl from bsric dose limits, is contained 
in “A Hsnual for Implementing Residusl Radiosctive Material Cuidelinea” 
(U.S. Department of Energy 19871, referred to herein l I) the “8upplement”. 

. 

?keaidusl rsdiosttive msterisln ir used in there guidelines to describe 
radioactive material derived from operstionr or rites over which DOE hsu 
authority. Guideline8 or guidsnce to limit the level8 of radioactive material 
and to protect the public and the environment are provided for (1) residual 
conceatrstionr of rsdionuclider in soil,* (2) conceatrstionr of airborne 

*A mute lntp rite ir one tbst ir exeerr to #)E progrurrtic needs snd ir 
located outride l major operating DOE rererrch and developmnt or production 
*rose 

+t%oil” is defined herein ss unconrolidsted l srth msterisl, including rubble 
snd debrir that my be present in l srth material. 

A. SHTRODUCTIOH 



coatuiaorbon 1evala, mad (5) rsdioauclide coacent;.oltima io air or rator 
rasulriry from or l roocirted with an7 of the rbove. 

A “basic dour lirio” is l ptereribed strndsrj from uhich limits for 
quaatitirr that can k monitored and controlled era derived; it ir #pecifird 
is teru of the rffectivo dear equivalent es defined by the Iatetnatioarl 
Coaissioa on tidiologicrl hotlrctioa (IQ) 1977, 1976). The bark dere 
Limit, l re used for deriving guideline@ for residual concentrations of radio- 
mclides in roil. Cuideliaes for residual concentrations of fhoriu and 
rrditza in soil, concentrations of ritbornr radon decry ptoductn, rllourbla 
indoor uferael gm radirtioa LeveLs, end residual surface contuinetion 
coocenrrations are besed on existing rrdiolo&crL protection rteadrrdr 
(U.S. hviroruratal Protwtion 4taty 1983; U.%. Nuclear R8gulrtorf Corisrion 
19821 end DOE DepertwateL Qrders). Derived PideLines or Limits based oa the 
btric dose Limits for those quntitier are ottd on17 uhen the guidelines 
provided io the existing sttndtrds cited above are shorn to be inappropriate. 

A “$uidtliae” for rtsidutL rtdiotctivt ut,eritL is t LtveL of redio- 
activity or radioActive msttritL that is tcctpttbLt if use of tht rite is to 
bt unrestricted. Cuidtlines for rtsidutl rtdiotctivt uferitl .presmttd 
herein l rt of tvo kinds: (1) generic, rite-independent guidelines taken from 
existing rtdiatjon protection rtmdardr and (2) site-sptcific guidtlints 
derived from bari& dose limits usiag sitt-specific moderr and data. Ctntric 
guideline vtlurs art presented in this docment. Procedures tnd data for 
deriving rite-sptcific fiidtlint vtlues tre liven in tht suppltmtnt. The 
besir for the guidelines is IenertLLy t prtsuatd worst-cast plrurik.tb-use 
sctntrio for the rite. 

An “tuthorired limit” is a level of rtsidutl rtdiotttivt swtriel or 
rtdiotctivity that must not be arcaaded if the rtmtditl action is to be 
considered completed lad the site is to be released for uareotricted use. The 
l uthorited limits for l rite vi11 include (1) limits for each rrdioauclidt or 
group of rtdionucLidt8, ts tpproprittt , l ssocitttd vith residutL tadiorctivt 
metrial in roil or in surface toatamiaation of rtructures and equipment, 
(2) limits for each rrdiwuclide or poup of radionuclidrs, as appropriate, in 
air or utter, md, (31 uhtre l ppropriete, l limit 00 uternaL gtmt rtdittion 
resulting from the residual mterial. Under norlul circrrautences, expected to 
occur at mst sites, l uthorited limits for residual radioactive uterial or 
radiorctivit7 are set equal to &deLiaa velues. txceptioaaL coDditioas for 
which l urhorired limits might differ from guidtliae velues l re specified in 
kctioas D and F of this document. A site me7 be reLaastd for unrestricted 
ase onL7 if site conditions do aoc exceed the rruthoriaed Limits or l pproki 
suppLmenttL Limits, as defined in Section ?.l, at the tier t-dial action is 
coepleted. ~estrictioas end controls on use of the site urc be l steblishtd 
end maforced if site conditions exceed the approved limits, or if there is 
potentirl to tscttd the btsic dost Limit if use of the rite ir not restricted 
(Section P.2). Tht tpplictblc controLs tad restriction; are specified in 
Sretion t. 

rsdoa decry produccr, 
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#)I! pp2ic7 requires zht l ll txptrurts to rrdistioa bt limited to’ltvtls 
lau tm rtarantblr tcbitvtblt (AURA). for sitw tn be rtlatstd 

for unrestricted UC.:, the intent is to reduce residual rtdiosctive prterief to 
Levels that are es far beLow l uthorirtd limits as reasonabLe considtria9 
ttrhnietl, l coaomic, and sociaL ftctors. At sites Aart the resfd\uL uteri81 
ir not rtductd to level8 that permit release for unrestricted use, ALARA 
policy ir inplemeoted by l stebLishiny cootrols to reduce exposure to levels 
that are IS Lou as rtrsoaebly l chieveble. Procedures for implementing AlARA 
polic7 are dircursed in the suppLemeat. ALARA policfer, procedurar, tnd 
tctiona s&L1 be documented tnd filed ts a parmnent record upon completion of 
rmdiel l ctioa et l site. 

1. BASIC DOS& tInITs 

Ibt besic limit for the annual radiation dose received by an individual 
mtmbtr of the gantrtL public ir 100 l radyr. The interael comitted effective 
dose equivalent, as defined in ICRP Publication 26 (ICRP 1977) and crlculrted 
by dosiwtry models described in ICRP PubLication 30 (ICBP 19791, plus the 
dote froa penetrating radiation sources external to the bod7, shall be used 
for dtterrining the dose. This dose ahAL bt darer&d ts the *effective dose 
equiv4Leat”. Every effort shell be mdt to ensure that actual dores co the 
public tre as ftr belov the basic dose Limit as ir reasonably l chitvabLt. 

Undtr unusua!f circumstances, it viL1 be permissibre to eLLov potential 
doses to exceed 100 ntm/yr vhtre such uposurts trt based upon scerurios that 
do not persirt for long periods tnd where the annul Lifetime uposurt fo on 
individual from the subject rtsiduel~rrdioactive uterial uould be axpest& to 
be Less then 100 mredpr. Examples of such situations ineLude conditions that 
might exist tt a site scheduled for remediation in the aear future or t 
possible, but improbable, one-time scenerio that mi*t. occur following 
remedial action. These Levels should reprtsmt doses t&t are as Low as 
reasonabLy l chievrblt for the site. Further, no usual ugosure should axcted 
500 8ram. 

C. CUIDELIH’ES FOP EESIDUAL RADXOACXIVE XATEIUL 

C.l Residual Radionuclides in Soil 

Reriduel concentretfons of redionuclides in soil shll be e 
2? 

cified es 
above-btckgrwnd concentrationa werr9ed over an area of 100 I . Centric 
guideLine for thorium end tedium are rpcified below. Cuidtlines for 
residue1 concentrations of other redioauclider rhll be derived from the basic 
dote limits by nan8 of en mvironmontel pathvat analysir utiw site-specific 
&ta where @vailable. Procedures for there derivations are aivan ia the 
rupprtlstat . 

If the averrte concentration in an7 rurface or belov-rurfecr area less 
that or tq 1 t0 29 is2 l xceedr the suthorited linit or guideline by a factor 
of 1; aool*J~, where A is the area of the l leveted region in square meters, 



limits for “hot spots” s&l1 also k rpplitsbLt. Prwedcres for crlculeting 
these hot spot lirits, uhich dtptnd on the extent of the 8hVJrtd Lotel 
coaceatrttitas, trt girair in the suppLemtnt. IO addition, every rtssonrble 
offort ah11 k ude to remove en7 source of redionuclide that exctedr 
30 tiws the l ppropritte Unit for soil, irre’spective of the tvtrtgt 
eoaceatrttiot ia the aoiL. 

Tim typer of ~uidefiner are provided, generic and derived. Zhe ~catrfc 
guideLines for rtSidut1 coacmtrstions of Le-226, h-226, l’h-230, and l’h-232 
l rtt 

- 5 pCi/R, tvtrtgtd over the first L5 u of soil beLov tim surface 

- 15 pCi/R, tvtrtctd over 1%cm-thick le7ers of soil more th8n 15 cm 
beLow the surface 

These guidelines ttkt into eccount inrrovth of h-226 from Th-230 and of 
Rx-228 from Th-232, end l snume -rtculer equilibrium. If tither Tb-230 tnd 
Rs-226 or Th-232 tnd Re-220 trt both present , sot in l eculer equilibrium, the 
eppropriett guideline is epplied es e Limit to the redionuclide with the 
hiRhtr concentretioa. If other mixtures of radionuclidts occur, the concen- 
trations of individual rsdionuclidts shell b raduced so that (1) the dote for 
the mixtures viLL+got exceed the besic dose Limit or (2) the sum of the retios 
of the soiL toncentretion of e&h redionuclide to the l LLovebLe Limit for that 
oedionuclidt vill not exceed 1 (“unit7”). RxpLicit foreuler for calculeting 
residue1 coacentretioa ~idtlines for mixtures ere Riven in the supplessat. 

C-2 Airborne Radon Decay Products 

Generic guidelines for concentrations of l irborae radon dtcty products 
shell l ppL7 to existing occupied or hsbitabLe etrutturts oa privttt property 
tbt trt iaturdtd for unrertricttd use; structures that vilL be demolished or 
buried ert excluded. The rppLitrbLt Renttic &delint (40 CRR Part 1921 is: 
In en7 occupied or htbittblt building, the objective of remediel l etion shall 
be, and a reesonebla effort shell be atdt to l chievt, en annual average (or 
equirrLent) radon decty product concentretioa (incLudinR beckRround) not co 
8xteed 0.02 uL.* In ra7 Mae, the radon decay product concentration 
(incLudinR background) shell not exceed 0.03 UL. Remediel Actions b7 DDE trt 
not required in order to compL7 with this #uideline when there is reasonable 
assurmce tht reridueL redioective uteriel is not the cause. 

*A rotking Level (Wt) is en7 combinstion of short-lived rrdoa decry products 
in tne liter Of air that uiLL result in the ultiute -iorion of 
1.3 x 10’ IkV Of potentirl l lphs tatrgy. 



C.3 gttemtl Cam &dittion 

'Ibe tvtrrRt 1 .evtl of gtmtt rtdittioa hide l building or habirtblt 
structote 00 t site to bt relttstd for unrestricted use shall not exceed the 
btc~rotmd 1evtL b7 mre then 20 rR/h tnd shtlL c9fpl7 with the besic dose 
limit when en rppropriete-use retntrio is considered. This requirennt shall 
not mece88~ri~~ tppI7 to 8tructurt8 scheduled for demolition or to buried 
foundttions. &ttrnaL graear rtdittion levela on open lend8 #hell tlro cwply 
with the besic dose Limit, considering tn tpproprittt-use scenario for the 
trtt. 

C.4 Surf*ct Contuinttion 

The generic surftct conttminttion guideLint provided in Ttblt L are 
l ppLictblt to existing structures end equiplot. These guidelines tre tdtpttd 
from sttndtrds of the U.S. UucLttr Rtpxlttory Cooission (NRC 1982)* md will 
bt tpplitd in t mtnntr that provides t Level of protection consistent with the 
Comission’s guidance. These limits tppL7 to both interior tBd exterior 
surfaces. They trt not direct17 intended for use on structurts to be 
AecxtLirhtd or buried, but should be l pplied to l quipftear or building 
components thtt l rt pottntitlly stLvtgetbLe or rtcovtrtblt scrtp. If t 
buildkg in dtmolirhtd, the guidtLiBt8 in lkction C.l are tpplictble to the 
resulting contemi;,ttion in the ground. 

C.5 Residual Radfonuclides in Air and Water . 

ReLcridutl conctntrttionr of rtdionuclidts in tir eBd water skll. bt 
controLLed to Levtls required by DOE Environmtnetl Protection Cuidtnce’ tnd 
Orders, specifictLL7 DOE Order 5480.lA tnd subsequent guidance. Other F'edtrtl 
and/or stttt standards shall apply when they trt determined to be appropriate. 

D. ALlTHOBIZED LIHITS FOR RESIDUAL RADIOACTIVE IWERIAL 

Authorixed Limits shtLL bt l sttblishtd to (1) ensure thtt, ts t minimum, 
the beric dose limits specified in kction B will not be exceeded under the 
uorrt-cue pltusible-use sctntrio consistent with the procedures and guidtnce 
provided or (2) be consirttnt with tpplitablt gtatric guidelines, where such 
guidelines tre provided. The tuthorixed limits for eech site tnd its vicinity 
propwtier rhtll be set equal fo the generic or derived guideline8 except 
uhere it ten bt cletrly l 8tebLished on the barin of rite-tptcific data -- 
including hetlth, rafety, and socioeconomic considtrttionr - that the guide- 
lint8 are not tppropriate for uzs at the specific site. Considtrttion should 
l l8o he given to eBsurt that the Limits coupL7 with or provide a LevtL of pro- 
twtioa l quivtLtnt to other tppropritte Limits aad &uidtlints (i.e., stttt or 

wrtrtet guidelines art functional17 l quivaLtat to Section 4 - Deconttminttion 
for RtLttst for Unrestricted Use - of RRC Regulttor7 Guide 1.16 (U.S. Atomic 
Energy Commission 19741, but they are tppliceble to non-reactor ftcilities. 
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Tmtlt 1 SURPACU COlfTMIYATI~ CUIDttflW -115 

Allovrblo totrl Rrridual lurfrcr 
Coatuhation (dpdlO0 cm2P 

Radionucliderb A~er.&~ M~ximn~~~ Removeblrd~f 

Tuaruraaicr, t-226, Ea-228, Tli-230, 
W-226, ?a-231, k-227, I-125, I-129 100 300 20 

nl-Batural, lb-232, sr-90, ha-2239 
RA-224, U-232, I-126, I-131, I-133 1,000 3,000 * 200 

II-Batural , P-235, U-238, and 
arrociated decay produttr 5,000 a 15,000 a 1,000 a 

Beta-gama emitters (radionuclidcr 
vith buy mode8 other than l lDha 
emission or 8pontmeou8 firrion) 
except 9~90 and others noted above s,ooo 6-r 15,000 8-y 1,000 P-y 

l As ured in this table, dpa (disintegrationa per minute) mans the rate of 
virrion by ratipactire uterial as determined by correcting the counts 

. 
per n inutr~mearured by an appropriate detector for background, efficiency, 
and geometric factors associated vith the inrtrumentation. 

. b Where surface contamination by both alpha- and beta-Dama-emitting ra&ic- 
nuclidcs exi8t8, the limit8 l rtablirhed for alpha- and beta-gamta-enitting 
radionuclidcr should apply independently. 

’ lka8ureunt8 of merap contamination should not k 8otraged over an area 
of aore than 1 m2. For objects of Lerr rurface area* the average should 
be deriwed for each euch object. 

d The average and maximum dose rates l 8sociated with surface contamination 
resulting from beta-ga.mu emitters should not exceed 0.2 mad/h and 
1.0 mradlh, respectively, at 1 cm. 

l The masiu contamination level applies to an area of not more than 
100 cm2. 

f Th mount of raovable radioactive material per 100 m2 of rurfrte area 
should be determined by &ping that area vith dq filter or soft absorbent 
paper, applying moderate prerrure , and measuring the amount of radioactive 
material on the wipe vith an l ppkopriate inrtmment of known l fficimcy. 
Uhen r-*able contamination on objects of surface l ru less tbm 190 cm2 
is detrrrined, the activity per unit aru rhould be based on the actual 
mu md the entire surface rhould be viprd. ‘Iba amber8 in thir colulrn 
are mxilrtn mounts. 

21 
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other Federal 1. &cuwntatioa 8upfbOttin~ such a dacirion rhould k Similar to 
that r+quieed for supplcrcntal limit@ and l xceptionr (twtion F), but should 
be gemrally mo 2 detailrd kca9rr the docuaentatioa covers the math rite. 

Rmodial action ah11 not be considered rwplrte uele88 tha residue1 
redirective uterial levels comply with the authorbed limits. The only 
l Ceptik3#t’ tO’thi8 royuireuat uill be for those Special SitUatiOISS vhere the 
rupplrmtal limits or uceptionr me applicable and approved as 8~cifieG in 
Section 1. l?owver, the use of 8uppleaental limits and l ~CeptiO88 Should be 
con8i&fed only if it is clearly demonstrated that it is not reasonable to 
decontdnate the area to the authorized limit or guideline value. The 
l uthorieed liDit are developed through the project officer in the field and 
are approved by the headquarters progru office. 

E. CEWIXOL BP RESIDUAL RADIOACTIVE )(ATERIAL AT FUSMP AMD Em SF?@ SITES 

B.esidual radioactive uteri*1 above the guideline8 at PUSRAP and remote 
SlWP rites mat be unaged in accordance vith applicable DOE Orders. The DOE 
Order 548O.lA and subsequent guidance or roptrceding Orders require compliance 
with applicable Federel and state l nviroamentaI protection 8tan&rd8. 

zhe operational am3 control requirements specified in the folloviag POE 
Orders shall apply to interim storage, interil management, and long-term 
arnagspwnt l 

#b 

a. 5000.3, Unusual QcArrancc Reporting Syst+r 

b. 544O.lC, Implementation of the Uational Rnvironarntal Policy Act 

c. 5480.lA, Exwiromental Protection, Safety, and Health Protection 
Piogram for DOE Qpcrationr, as revised by 83E 9480.1 rban&e orders 
and the 5 August 1985 msorandum from Vaughan to Distribution 

d. 5480.2, ~rardour and Radioactive Mixed Waste Xanagosmt 

l * 5460.4, Eavironnental Protection, Safety, and Barlth Protection 
Stmdardr 

f. 5482.lA, Enviro-tal, Safety, and Health Appraisal Program 

go 5483.1A, Occupational Safety and tlulth Program for Coverwant- 
Ouned Contractor-Operated Fmilities 

h. 5484.1, hviroxmmtal kotection, kfety, end Health ?rotoetion 
fnforution Reportin lequirmentr 

i. S820.2, hdioactive Waste Mana~wnt 
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X.1 Iarorir Storage 

a. 

b. 

t. 

d. 

Control end 8tAbiliAAtiOn feeturea rhall 3r dorisnrd to ensure, to 
the extent rra8onab~~ l chirvrblr, aa l ffectivr life of 50 years and, 
in any ease, at least 25 years* 

. . 

Abwr-bac~rouad Rn-222 -concentrations in the atmosphere above 
facility surfacer or openings shall not exceed (1) 100 pCi/L at any 
liven point, (2) ao annual average concentration of 30 pCi/L over 
the facility site, and (3) an annual average concentration of 
3 pCi/L at or above an7 locetion OutBide the facility rite (DOE 
Order 5460.1A, Attacbent U-1). 

Concentratioo8 of radionuclider in the groundvater or quantities of 
reSidM1 radioactive material shall not exceed existing Federal or 
state standards. 

kce88 to a Site shall be controlled and 8i8u8e of on-rite uterial 
contaminated by r@Sidual radioactive I&Maria1 shall be prevented 
through appropriate administrative controls and ph7rical barriers -- 
active and passive control8 es described by the U.S. &&oamtntal 
Protection Agency (1983-p. 595). There control feature8 should be 
dcrigne4 to eosure, to the extent, reasonable, an effective life of 
at least 25 years. The Federal ~ownment Shd1 hew title to the 
property or 8tul’L have a long-term lease for exclusive use. 

L.2 Interim Unageacnt 

a. A rite ~9 be released under interim unageaent when the residual 
radioactive material exceeds guideline valuer if the reSidua1 
radioactive uterial is in inaccessible locations end would be 
unrersonrbly costly to rmve, provided that administrative centrolr 
are established to ensure that no #&amber of the public shall receive 
a radiation dO8e exceeding the basic dose lirit. 

b. The administrative controls, as approved by Bat, ehall iaelude but 
not be limited to periodic monitoring as appropriate, appropriate 
shieldin&, physical barrier8 to pr@VMt l CCe88, and appropriate 
radiological safety neasures during miatemnee, renovation, 
demolition, or other activities that night disturb the residual 
radioactive suterial or cause it to migrate. 

c* The ower of the site or appropriate hderal, state, or local 
Authorities shall be re8pon8ible for ahfOrCing the rdminirtrative 
contr010. 



UraIIiw, ‘Eoriul, and Their Decay Product8 

am 

b. 

C. 

d. 

l . 

Control and gtabiliration feature8 Shut~‘k deri&ned to ea8uret tc 
the extent rea8onably achievable, an l ffectivm life of 1,000 years 
and, in any case, at least 200 yearn* 

Control and rtabiliratioa feature8 shall be derign8d to ensure that 
)a-222 emanation to the atmosphere fr# the va8te8 rhdl not 
(1) exceed an annual average release rate of 20 pCi1m2/8 and 
(2) increase the annual aver&Se Rn-222 concentratioa,at or above any 
location out8ide the boundary of the contrainated area by more than 
0.5 pCi/L.. Field verification of emanation rates is not required. 

Prior to placement of any potentially biodegradable contaminated 
va8te8 in 8 long-term manapament facility, such vastem shall be 
properly conditioned to ensure tht (1) the genaretion end escape of 
biogenic gases will not caust the requirement in paragraph b. of 
this section (C.3) to be exceeded and (2) biodegradation within the 
facility will not result in premature rtruetural failure in viola- 
tion of the requirements in paragraph a* of this section ft.3). 

> ‘b 
Croundwater rh~ll be protected in accordance with appropriate 
Departmntal orders and Federal and state standards, as applicable 
to PUSUP and remote SFh.P~riter. 

kce88 to a Sit8 should be coatrolled and misuse of on-site uteria 
contaminated by re8idual radioactivity should be prevented through 
appropriate administrative controls and physical barriers -- active 
and passive controls as described by the U.S. Enviroamenta~ 
Protection~Agency (1983-p. 595). There controls should be derifped 
to be effective to the extent rea8oMb~e for at least 200 years. 
The Federal governDent shell hmre title to the property. 

Other Radionuclides 

f. Long-term management of other r8dionuclider shall be in accordance 
with Chapters 2, 3, and 5 of DOE Order 5820.2, as applicable. 

1. 9uPPLlMWML LI!4XTS AlaD EXCLPTIOlfS 

If special site-specific circwrtmcer indicate that the 9uidsliner or 
l uthorixed limits l 8tab~i8hed for a given rite are not appropriate for a 
portion of that rite or for a vicinity property , then the field office may 
request that supplemental limits or an exception be applied. Ia either caue, 
the field office mart justify that the subject guidelines or authorized limits 
are not appropriate and tiut the alternative action vi11 provide adequate 
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protecfion, Bivinl) due con8idrratioo to hralth and rafetyr the l oviroaewnt, 
md eoatx. Xhe field office shall obtain l pprovcl for rpecific SUpp~UDMtA1 
lidtr er exceptiona from headquarter8 as Specified in 88CthI D of these 
guideline8 and rb~ll provide to hradquartsrr those Mt@rialS toquired for the 
justification as rp8cified in this section (I) ti in the N8RA? and It)(p 
protoco~8 and 8ub8~:~~eat guidance dOCUIDt8~ The fteld officr Shall also be 
re8pota8ibh for coom!aation with the state or lOCAl govamt of tha limits 
or uceptioer and l 8rociated re8triction8 as appropriate. In the ease of 
except ionr, the field office shall a180 uork 4th the state end/or local 

~Oveilt8 to annum that re8triction8 or condition8 of releA88 are adequate 
and mehxniur are in place for their l nforcment. 

F.1 Bupplaental Limits 

The Supplcrunta~ limits mast achieve the basic dome limits set forth in 
this yidetine document for both current and potential unre8tricted uses of a 
site and/or vicinity property. $uppleuntal limits may be applied to a 
vicinity property or a portion of a rite if, on the b-aria of a site-specific 
analysis, it is dcternined that (1) certain aspects of the vicinity property 
or portion of the site were not considered in the developent of the 
e8tabli8hed authorized limits and l 88ociated guidelines for that vicinity 
property or site ad, (2) am a result of theme unique characteristics, the 
e8tabli8hed limiy or ~idrliner either do not provide adequate protection or 

% are unnece88arily ltertrictive and costly. 

. 
. F.2 Bxeeptiono 
* 

Exceptionr to the authorized limits defined for uare8trittad use of a 
site or vicinity property my be applied to a vicinity property or a portion 
of a site when it is l rtabfirhed that the rothorited limits CaBnot be achieved 
and rertrictioas on use of the vicinity property or pertion of the site are 
necerrary to provide l dequete protection of the public and the mvironswnt. 
The field office ust cle&rly d@mOnStrat@ that the eXC%ptiOn is neee8ra+y ad 
that the restrictions will provide the necessary degree of protection and will 
c-19 with the requiremtntr for control of residue1 radioactive material as 
ret forth in Section E of th88e guidelines. 

F.3 Justification for Supplemental Limits and Exteptionr 

Supplwratal limits and exception8 must be justified by the field office 
on A care-by-care basis using rite-specific dAta. Every effort should be rsrde 
to minimize use of the supplemental limits and exceptions. ExaDp1e0 of 
specific situations that warrAnt us@ of th8 8uppbSUltal .rtandardr and 
exceptions aret 

a. Vhere r-dial action vould pose a clear aad present risk of inju,ry 
to workers or ma&era of the general public, notvithrtanding 
rearonable manures to avoid or reduce rirk. 
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b. Uharr remedial action - 
139115 

l wa rftot all rearonrblr riti&rtivr 
me4’L7)u)tea havr been crkan -- vould produce l ovironnntrl l~rm that is 
clrorI- l xersrivr compared to tbr berltb benefit@ to perroar living 
00 or near affected miter, bou or in the future. A char l xce8a of 
enviro~ntrf harm is ham that ia lonp-term, aaaifert, end grorsly 
dirproportioaete to health bmrfitr that u7 terrombly b-a 
urticipatrd. 

C. Where it ir clear that ths seen&or or l rrwptionr urad to 
establish the l uthoritod limit@ do not, under plrurible current or 
future conditions, apply to the property or portion of the rite 
identified and uhere more appropriate rcmarior or orrumptionr 
indicate that other limitr are applicable or ’ necerrary for 
protection of the public and the environment. 

d. Where the cost of remedial sction for contaminated soil is 
unreasonably high relative to long-term benefits and where the 
residual radioactive material doer not pore a clear prereat or 
future rirk after taking necerrary control =aauren* The likelihood 
that buildings vi11 be erected or that people will spend long 
periods of time at such a rite rhould be considered in evaluating 
thir risk. R-dial action will generally not be necerr~ry where 
only nipor quantities of residual radioactive mete&l are involved 
or where residual radioactive wterirl occurs in an inaccarsiblt 
location of which rite-rprcific factor8 limit their hazard and from 
vhich they are costly or difficult to reaovee Exarhpler include 
residual radioactive material under hard-surface public vr,ds and 
ridewalks, around public lever lines , or in fence-post foundations. 
A site-specific analy,ris must be provided to astablish that it would 
not cause an individual to receive 8 radiation dons in l xceus of. the 
basic dare limits at&ted in Section 1, and a stetement specifying 
the level of r&dual radioactive rater% mast be included in the 
appropriate state and local records. 

Q. Where there is no feariblc ranedial action. 
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ACRONYMS AND ABBREYIATIONS 

U. S. Atomic Energy Commission 
as low as reasonably achievable 
applicable or relevant and appropriate requirement 
Bechtel National, Inc. 
base/neutral and acid extractable 
Clean Air Act 
Comprehensive Environmental Response, Compensation, and Liability Act 
Code of Federal Regulations 
square centimeter 
Code of Massachusetts Regulations 
Corps of Engineers 
counts per minute 
Clean Water Act 
Coastal Zone Management Act 
Department of Environmental Protection 
U. S. Department of Energy 
disintegrations per minute 
Division of Water Pollution Control 
Division of Wetlands and Waterways Regulations 
effective dose equivalent 
Engineering Evaluation/Cost Analysis 
Environmental Impact Report 
Executive Office of Environmental Affairs 
Environmental Notification Form 
U. S. Environmental Protection Agency 
Environmental Safety and Health 
Federal Emergency Management Agency 
Federal Facilities Agreement 
square foot/feet 
Formerly Utilized Sites Remedial Action Program 
hectare 
International Commission on Radiological Protection 
kilometer 
liter 
low specific activity 
square meters 
Massachusetts Coastal Zone Management 
Manhattan Engineer District 
Massachusetts Environmental Policy Act 
mega electric volts 
mile 
Massachusetts General Law 
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Figure l-l. Location of the Ventron Site 
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6.2.1 COIIUINX~~~~ Background 
p41533 

6.2.1.1 Government Entities and Community Profile 

‘ihe city of Beverly is located in an urban, industrialized area of Essex County, 
approximately 24 km (15 miles) northeast of Boston. The populations of Essex County and the 
city of Beverly, respectively, are approximately 692,859 and 41,266. 

The city is governed by an elected mayor and a nine-member council and includes a 
public health director. Essex County is governed by a three-member county commission. 

The Ventron site is in the 6th U.S. Congressional District, Massachusetts Senate 
District 2 (Essex) and Massachusetts House of Representatives District 6 (Essex). 

6.2.1.2 Community Involvement 

DOE has established an administrative record file and information repository for the 
Ventron site at the Beverly 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 Section 6.1.) 

6.2.1.3 Summary of Community Concerns 

DOE’s presence in the Beverly community to date has been limited, because only 
minimal on-site work has yet been performed by the agency and its contractors. During the time 
since responsibility for radiological cleanup at the Ventron site was assigned to FUSRAP in 
1986, DOE representatives have met with local officials, local representatives of Morton, and 
community members to discuss work plans and progress, such as characterization activities, 
maintenance issues, environmental compliance, cleanup scenarios, and other site-specific issues. 

Because DOE has had limited on-site activity, there has not been an abundant display of 
community concern regarding the radiological materials located there. There have occasionally 
been media reports regarding the site’s role in MED activities. Such reports typically result in 
increased community interest and basic curiosity about the DOE connection to site. But the 
interactions that have taken place generally have been positive and rooted in cooperation. 
Residents of the neighborhood adjacent to the site were understandably concerned and engaging 
when, in 1991, radiological surveys were performed on 24 residential properties to determine 
whether any radiological material from the site had spread off site. No radioactive materials 
were found off site. A very positive, post-survey, public information session was held to cover 
the details of the work with affected property owners and other interested parties. Close 
cooperation between DOE and Morton, and timely, informative contact with community 
members, were key to the effort’s success and helped ,foster trust between the neighborhood and 
DOE. 

Community interest in DOE’s stake at the site also increased in conjunction with state 
plans to constn;rct a bridge nearby. Some area residents expressed concern that the work may 
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1.3.4 The Bureau of Waste Site Cleanup 1141533 

The Division of Air Quality Control covers the Ambient Air Quality Standards for the 
Commonwealth of Massachusetts under 310 CMl? 6.00 Air Pollution Control. Thii regulation 
contains the P&IXUJJ ambient air quality standards that the DEP judges are necessary, with an 
adequate margin of safety to protect the public health. Secondary ambient air quality standards 
define levels of air quality which the DEP judges necessary to protect the public welfare from 
any known or anticipated adverse effects of a pollutant. 310 CMR 7.0 Air Pollution Control 
regulates preventing the occurrence of conditions of air pollution where such do not exist and 
facilitates the abatement of conditions of air pollution where and when such occur. They are 
designed to attain, preserve, and conserve the highest possible quality of the ambient air 
compatible with the needs Of society. 

1.3.5 Division of Hazardous Waste 

The Division of Hazardous Waste regulations 310 CMR 30.00 are intended to protect 
public health, safety, welfare, and the environment by comprehensively regulating the 
generation, storage, collection, transport, treatment, disposal, use, reuse, and recycling of 
hazardous waste in Massachusetts. These regulations should be read together with MGL c. 21C 
and MGL C. 215 $! 6 and by St. 1987, C. 584, 0 47, each of which has many important 
substarttative requirements not repeated in these regulations. 

1.3.6 Division of Wetlands and Waterways Regulations 

The Division of Wetlands and Waterways Regulations (DWWR) is responsible for 
administering the Wetlands Protection Program through the Wetlands Protection Act (which 
includes any land underwater, any land subject to tidal action and/or flooding, or any wetlands 
as defined in the Act). The regulatory authority for these actions is covered under 310 C&f.. 
10.00. The areas of interest for this agency include flood control, storm damage prevention, 
prevention of pollution, and protection of water supply, groundwater, fisheries, shellfish areas, 
and wildlife habitat. The DWWR also administers the Waterways Regulation Program. The 
Chapter 9 1 Regulations (310 CMR 9.00) protect and promote tidelands for water-dependent uses. 
There are four basic areas of geographical jurisdiction pursuant to Chapter 91. Any activity 
taking place (both new and existing) in one of the areas listed requires the issuance of some form 
of Chapter 91 authorization: 

@Flowed tidelands 
@Filled tidelands 

-outside designated port areas (the first public way or 250 feet fkom 
mean high water, whichever is farther landward) 

-in designated port areas (the historic mean high water shoreline 
i.e., all filled areas) 

OGreat Ponds 
@Non-Tidal Rivers and Streams 

FUS103I'/040896 B-8 



This agency concern itself with the protection of water-dependent uses, promotion of 
public access, navigation safety, structural soundness, natural resources, littoral property rights, 
and public facilities. 

1.3.7 Radiation control Program 

The Radiation Control Program, Executive Office of Health and Human 
Se~i~s-DeparfBEllt of Public Health, requires under 105 CMR 120.291 that the 
Conunonwea& of Massachusetts must be notified 30 days prior to vacating any premises which 
may have been contaminated with radioactive material. The Commonwealth of Massachusetts 
has the authority to require decontamination of the premises in such a manner that the annual 
effective dose equivalent (EDE) to any individual (after the site is released for use without 
ra&logical restrictions) should not exceed 10 mrem above background and that the annual EDE 
from any specific source during decommissioning activities should not exceed 10 mrem above 
background. 

1.4 LOCAL PEVS 

The Beverly Conservation Commission is concerned with protection of the water supply, 
groundwater, fisheries, shellfish areas, and wildlife habitat. In accordance with 301 C&fR 10.00 
a Notice of Intent must be fded at the Beverly City Administrators Office. 

The Harbormaster must also be notified strictly for navigation and public safety purposes. 
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Regulatory 
Agency 

Executive Offtce of 
Health and Human 
Services- 
Department of Public 
Health: Radiation 
Control Program 

Standard, 
Requirement, 
Criteria, or 
Limitation 

Vacating Premises 

Additional ARAR for the Ventron EE/CA Public Draft 

Citation 

l&J CMR 120.291 

Description of Requirement 

Requires that the Commonwealth of 
Massachusetts must be notified 
30 days prior to vacating any 
premises which may have been 
contaminated with radioactive 
material. The Commonwealth of 
Massachusetts has the authority to 
require decontamination of the 
premises in such a manner that the 
annual effective dose equivalent 
(JZDE) to any individual (after the 
site is released for use without 
radiological restrictions) should not 
exceed 10 mrem above background 
and that the annual EDE from any 
specific source during 
decommissioning activities should 
not exceed 10 mrem above 
background. 

Applicable or 
Relevant and 
Appropriate 

Applicable 

Comment 

This requirement provides a notification 
time requirement and the annual 
effective dose equivalent for 
decommissioning a radioactive area. 
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UNITliD STATES DEPARTMENT OF COFnMERCE 
National Oceanic end Atmospheric Administration 
NATIONAL MARINE FISHERIES SERVICE 

Habitat and Protected 
Resources Division 
One Blackburn Drive 
Gloucester, MA 0 1930-2298 

January 23,1996 

Mr. James D. Kopotic 
Site Manager 
Depar’cnent of Energy 
Oak Ridge Operations Office 
P.O. Box 200 1 
Oak Ridge, Tennessee 3783 l-8723 

Re: Ventron Site 

Dear Mr. Kopotic: 

This is in’response to your letter dated November 22, 1995 concerning your proposed plans to 
conduct remedial actions at the Ventron Corporation site located in Beverly, Massachusetts on 
thi Massachusetts Bay, approximately 15 miles northeast of Boston, at the confluence of the 
Bass and Danvers Rivers. 

If your project is confined to the Bass and Danvers Rivers no endangered species are present and 
therefore no further consultation is necessary. 

However, if you plan on disposing harbor sediments in Massachusetts Bay several species of sea 
turtles and whales are present in the Bay during certain months of the year. From June through 
November, turtles inhabit the area and from mid-February through’ November at least one whale 
species is present. 

The following is a complete list of endangered and threatened species that may occur within the 
Massachuseff s Bay area: 

Endawered 

Blue whale Balaenoptera musculus 
Fiti whale Balaenontera physalus 
Sei whale Balaenootera borealis 
Humpback whale Megaptera povaeangliae 

E-l 



Northern right whale j?ubalaena glacialis 
Leatherback sea turtle Dermochelvs coriacea 
Kemp’s ridley sea turtle J,m kempi 

I38873 

141533. 

Loggerhead sea turtle CarettaB 

Therefore, consultation pursuant to Section 7 of the Endangered Species Act will be necessary if 
you project plans involve the disposal of uranium sediments into Mass. Bay. In the likelihood 
that a Section 7 consultation is necessary and if you have any additional questions, contact Laurie 
Silva at 508-28 l-929 1. 

Sincerely, 

@2hJJ&h 

Chief, Habitat and Protected 
Resources Division 
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Wayne F. MacCallum, Director 

30 January 1996 

James D. Kopotic 
Department of Energy 
Oak Ridge Operations office 
P.0 Box 2001 
Oak Ridge, ‘II3 3783 l-8723 t:‘. -- _ 

. . e. c.r ’ c I 
Re: Ventron Site 

Beverly, MA 
NHEsp File No. 96-78 

Dear Mr. RopotiC: 

Thank you for contacting the Natural Heritage and Endangered Species Program for information 
regarding state-listed rare species in the vicinity of the project referred to above. 

At this time we are not aware of any rare plants or animals or exemplary natural communities that would 
be adversely affected by the proposed project. 

This review concerns only m species of plants and animals and ecoiogically significant natural 
communities for which the Program maintains site-specific records. This review does not rule out the 
possibility that more common wildlife or vegetation might be adversely affected by the project, especially 
if it will modify currently undeveloped areas. Should project plans change, or new rare species 
information become available, this evaluation may have to be reconsidered. 

. 

Please call mc at (505)792-7270 Ext. 154 if you have any questions. 

Sincerely, 

Holly Jewkes 
Environmental Review Assistant 

Natural Heritage & Endangered Species Program 
Route 135, Westborough, MA 01581 Tel: (508) 792-7270 x 200 Fax: (SOS) 792-7275 
&I Agency of the Department of Fisheries, Wildlife & Environmental Law Enforcement 
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Department of Energy 

Oak Ridge Operations Off ice 
P.O. Box 2001 

Oak Ridge, Tennessee 37831-W 23 

February 1, 1996 . ; ‘\ ;;, 
I., -IL ,J. rr i 3-Y. :,yp,.j 

Ms. Judith B. McDonough 
Executive Director and 

State Historic Preservation Officer 
Massachusetts Historical Commission 
220 Morrissey Boulevard 
Boston, Massachusetts 02125 

3 
2: 
:.. , . 

Dear Ms. McDonough: 

MORTON INTERNATIONAL (VENTRON) SITE - NHPA (SECTION 106) DETERNINATI@ 

In accordance with Section 106 of the National Historic Preservatio&.'&t 
(NHPA), the Department of Energy (DOE) has determined that the proposed 
removal of radiological contamination at the Morton Internatlonal (Ventron) 
site located at #'28 Congress Street in Beverly, Massachusetts, will have no 
effect on properties included, or eligible for inclusion, on the National 
Register of Historic Places. 

A description of proposed site activities is enclosed, along with site maps 
and photographs- Your concurrence that this undertaking will have no effect 
on properties included, or eligible for inclusion, on the National Register of 
Historic Places is requested by March 1, 1996. 

If you have any questions or if you need additional information, please call 
me at (423) 576-0273. 

Sincerely, 

9 

/ 
.&$tA#yy 

Ga S. Hartman, Environmental Scientist 
Former Sites Restoration Division 

Enclosures 

cc w/enclosures: 
D.. S. Browning, SAIC 
M. E. Redmon, BNI 
R. T. Moore, SE-311 
J. D. Kopotic, EW-93 
L. K. Price, EW-93 
W. M. Seay, EW-93 

-- .-.- _._ __. _ . . . - 
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EXECUTIVE SUMMhY 

The United States (U.S.) Department of Energy (DOE) has prepared this Engineering 
Evaluation/Cost Analysis (EEKA) to evaluate potential cleanup options for a site currently 
owned by Morton b’rternational, Inc. (Morton) in Beverly, Massachusetts. The Metal Hydrides 
Corporation, which became the Ventron Corporation, formerly owned and operated ‘the site. 
This doamxat refers to the site as the Ventron site.; 

In the 1940s and J95Os, the federal government contracted with private firms to develop 
and perform projects on radioactive materials. Many of these projects included storage and 
processing of uranium and thorium. The sites where work was done were cleaned up according 
to the standards- of that time. Since then, more stringent standards have been developed. Where 
necessary, additional cleanup is being, performed to bring these sites into. compliance with 
today’s higher environmental standards. 

The Formerly Utilized Sites Remedial Action Program (FUSRAP) was established in 
1974 to identify sites previously used by the U. S. Army Corps of Engineers’ (COE) Manhattan 
Engineer District (MED) and the Atomic Energy Commission @EC)- (DOE predecessor 
agencies) and to evaluate environmental conditions at the sites. The Ventron site was previously 
used by the MED and AEC and is being evaluated by FUSRAP. 

, 

s -- 

Commercial operations involving uranium began at the Ventron site in the early 1940s. 
The Metal Hydrides Corporation (former site owner) was under contract to the MED from 1942 
to 194.7 to convert uran.mm oxide to uranium metal powder. Radiological surveys of the site 
.performed by DOE in 1977 and 1980 through 1982 detected levels of radioactive materials, 
including uramurn, above guidelines inside two buildings on interior surfaces and/or equipment, 
in a third building on a piece of equipment, in some surface and subsurface soil (including soil 
beneath three buildings), and in certain harbor sediment near the site. Based on these 
radiological survey data, DOE designated the Ventron site as a FUSRAP site in 1986. - 

All production operations at the Ventron site ceased in November 1994. Morton is in 
the process of removing all equipment free of radioactive materials from the facility and 
remediating the Ventron site for mercury and mineral oil in accordance with Massachusetts 
General Law (MGL), Chapter 21E. 

DOE has the authority at the Ventron site for materials that contain uranium-238 (U-238) 
greater than DOE guidelines. Morton (and the former site owners) performed commercial work 
with uranium and thorium prior to and subsequent to MED-related activities until 1986. 
Remediation of materials that contain concentrations of U-238 greater than DOE guidelines and 
that are commingled with radium, thorium, and/or hazardous constituents is being negotiated 
between DOE and Morton. DOE and Morton are working together to expedite the cleanup of 
the Ventron site. Through the negotiations, DOE has agreed to remediate materials containing 
uranium, ~orium and radium greater than DOE guidelines regardless of questions pertaining to 
the generator of such materials. Morton has agreed to provide access to the radioactive 
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materials in excess of guidelines by demolishing site buildings, disposing of the nonradioactive 
structural debris, and restoring the Ventron site, 

_ 
DOE proposes to clean up the Ventron site in accordance with the Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA). DOE relies on the 
CERCLA process for review of actions to be taken under CERCLA and has incorporated 
National Environmental Policy Act (NEPA) values into this EEKA; therefore, no separate 
NEPA review process will be performed. 

The media that contain levels of radioactive materials exceeding cleanup guidelines are 
the buildings surfaces and limited pieces of equipment, the site soil, and the harbor sediment. 
The buildings will be decontaminated, to the extent necessary, and demolished by Morton to 
provide access to the underlying impacted soil. The non-radioactive structural debris will be 
disposed by Morton. This EEKA presents and evaluates the options being considered for the 
harbor sediment and for the on-site soil and mrnace ash containing radioactive materials greater 
than DOE cleanup guidelines. 

A brief discussion of the cleanup options for the harbor sediment and for the on-site soil 
and furnace ash is presented below. 

Harbor Sediment: (1) no action represents a baseline of current conditions; (2) removal of 
harbor sediment would excavate harbor sediment containing uranium, radium, and for thorium 
greater than DOE cleanup guidelines, send the excavated harbor sediment off’ site for disposal, 
and allow for unrestricted future use of the harbor. 

On-site Soil and Furnace Ash: (1) ho action represents a baseline of current conditions; (2) 
removal of on-site soil andJwnace ash would excavate on-site soil and furnace ash containing 
uranium, radium, and/or thorium greater than DOE cleanup guidelines, send the excavated soil 
and furnace ash off-site for disposal, and allow for unrestricted future use of the site. 

DOE’s preferred options are removal of both harbor sediment and on-site soil and furnace 
ash with concentrations of U-238 greater than DOE cleanup guidelines. 

This EEKA describes the site location and history, presents the results of prior 
characterization studies, and analyzes the benefits, risks, and costs of the cleanup options. In 
addition, this document addresses elements of public involvement including the availability of 
the document to the public, provides specific information concerning the public comment period, 
and presents the Community Relations Plan. 

The public is encouraged to review this document during the public comment period, 
which starts February 12, 1996 and ends March 13, 1996. DOE will evaluate and respond to 
significant comments received during the public comment period. DOE is especially interested 
in input regarding the preferred options and any considerations for carrying out the cleanup 
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1. INTRODUCTION 

1.1 OVER-W OF FUSRAP 

This Engineering Evaluation/Cost Analysis (EEKA) discusses cleanup options for harbor 
sediment and on-site soil and furnace ash containing U-238 concentrations greater than 50 
picocties per gram (pCi/g) at the Ventron site in Beverly, Massachusetts. The site is being 
addressed under the United States (U.S.) Department of Energy’s (DOE) Formerly Utilized Sites 
Remedial Action Program (EUSRAP) . 

In the 1940s and 195Os, the federal government contracted with private firms to develop 
and perform projects on radioactive materials. Many of these projects included storage and 
processing of uranium and thorium. The sites where work was done were cleaned up according, 
to the stand&-ds of that time. Since then, more stringent standards have been developed. Where 
necessary, additional cleanup is being performed to bring these sites into compliance’ with 
today’ s higher environmental standards. 

FUSRA.I? was established in 1974 to identilfy sites previously used by the Manhattan 
Engineer District (MED) and the Atomic Energy Commission (AEC) (DOE predecessor 
agencies) and to evaluate environmental conditions at the sites. 

Records are reviewed to compile a list of formerly utilized sites and to assess DOE’s 
authority for cleanup of any residual radioactive material. Where appropriate, radiological 
stirveys are performed to assess conditions at the sites. Survey data are used to decide whether 
the sites should be designated for cleanup or be elimiited from FUSRAR because they already 
meet today’s environmental guidelines. At the sites designated for cleanup, either the radioactive 
material is stabilized in place and site use is restricted or the material is removed for disposal 
at another location. 

DOE’s Oak Ridge Operations Office in Tennessee manages FUSRAP, coordinating 
activities with federal, state, and local authorities, and has an active program to communicate 
with the regulators and the public. 

The residual radioactivity being addressed at the Ventron site by DOE resulted’ from 
activities carried out under federal contracts during the early years of the nation’s atomic energy 
and weapons programs. 

1.2 SITE.DESCRPTION AND SETTING 

The 1.2-ha (3-acre) Ventron site is located in Beverly, Massachusetts, on ’ the 
Massachusetts Bay, approximately 24 km (15 mi) northeast of Boston, where the Bass and 
Danvers Rivers join (see Figure l-l). The site is bounded by Congress Street. to the north, the 
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Boston and Maine Railroad to the east, the Bass River to the west, and the Danvers River to the 
south. Although the site itself is industrial, much of the nearby area is residential, 

Morton International (Morton) currently owns the Ventron site. All production 
operations at the Ventron site ceased in November 1994.’ Morton is in the process of removing 
all equipment free of radioactive materials from the facility. The. Ventron site is being 
remediated by Morton for mercury and mineral oil materials, in accordance with Massachusetts 
General Law (MGL), Chapter 21E, (The Massachusetts Contingency Plan 1993). Morton has 
completed the first phase of the remediation process and is in the process of completing the 
remaining four phases. 

Figure l-2 shows four groups of buildings (Alfa, A, B, and C), one chemical storage 
tank, two office buildings, and three other buildings (D, E, and F) used for storage and 
operations. Figures l-3 and l-4 are photographs of the site showing Ventron from the railroad 
bridge looking north and northwest. Ventron is built on fill material contained by a sea wall and 
is bounded by the Beverly Harbor (specifically, the Danvers and Bass Rivers). The tidal flats, 
exposed at low tide, are considered part of a sensitive ecosystem. With the exception of the 
coastal/tidal area, no wetlands or waterways exist on the site (see Appendix D). 

Site soil is mainly coarse gravel and sand fill material, with topsoil of fine to medium 
sand (Cottrell and Carrier 1988). Surface water flows into the Danvers and Bass Rivers as 
surface sheet runoff or into Congress Street drainage structures through culverts or storm 
sewers. Groundwater resources in unconsolidated deposits are generally insignificant in coastal 
areas. Such deposits are generally thin and intruded by salt or brackish waters. This is the case 
in the Beverly area (CH2M Hill 1992). 

The site is covered by buildings, paved areas, and a few small grass covered areas. 
Figure l-5 is a photograph looking east from the south end of Building C, and Figure l-6 shows 
the furnaces in Room 30 of Building A. 

According to the State Historic Preservation Office (Cavanaugh 1992), no significant 
historical or archaeological resources are on the site. A current consultation is in progress to 
confirm that’ this is still the case (see Appendix E). No federally-listed or proposed threatened 
or endangered species under the jurisdiction of the U.S. Fish and Wildlife Service are known 
to occur in the Ventron site area with the exception of ,occasional transient bald eagles or 
peregrine falcons. No activities associated with the Ventron site remediation are expected to 
have an impact on these species. Consultation with the National Marine Fisheries Service, 
Habitat and Protected Resources Division, confirmed that no endangered or threatened species 
are known to occur in the Bass and Danvers Rivers where remediation of the Ventron site is 
proposed (see Appendix E). 
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1.3 SITE HISTORY 

From 1942 to 1947, the Metal Hydrides Corporation, under contract to MED and its 
successor, AK, converted uranium oxide to uranium metal powder at the Ventron site usin8 
calcium hydride - All MED/AEC-related work at the Ventron site involved natural urannun, 
during which time no depleted or enriched uranium was processed at the site. The Metal . 
Hydrides Corporation also recovered uranium from scrap uranium materials and turnings , 
resulting from operations at the slug fabrication plant m-Hanford, Washington. Prior to and 
subsequent to the MED-related activities the site owner (Metal Hydrides Corporation then the 
Ventron Corporation) performed independent work at the Ventron site with uranium and thorium 
materials until 1986. 

Two of the three buildings housing the foundry facilities were demolished sometime 
between 1948 and 1950, following AEC surveying and decontamination. Buildings B and F 
were built at these locations (Figure l-2). The remaining original buildings (Buildings A and 
A- 1) contained furnaces, leaching facilities, a mixing room, a drying room, and analytical 
laboratories. 

In 1965, the Metal Hydrides Corporation became the Ventron Corpbration and was later 
acquired by the Thiokol Corporation in 1976.. In 1980, the Ventron Corporation became a 
division of Morton Thiokol, Inc. (BNI 1988), which was renamed Morton International in 1990. 
All production operations at the Ventron site ceased in November 1994. 

Table l-l provides a brief chronology of events at Ventron and shows the series of 
characterization investigations that have been carried out. These characterization investigations 
are discussed in Sections 2.2 and 2.3. 

1.4 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

Applicable requirements are “those cleanup standards, standards of control, and other 
substantive environmentai protection requirements, criteria, or limitations promulgated under 
federal or state law that specifically address a hazardous substance, pollutant, contaminant, 
remedial action, location, or other circumstance at a CERCLA site” (52 CFR 32496, August 27, 
1987). 

Relevant and appropriate requirements are those “cleanup standards, standards of control, 
and other substantive environmental protection requirements, criteria, or limitations promulgated 
under federal: or state law that, while not applicable to a hazardous substance, pollutant, 
contaminant, remedial action, location, or other circumstance at a CERCLA site, address 
problems or situations sufficiently similar to those encountered at the CERCLA site .that their 
use is well suited to the particular site” (52 CFR 32496). 
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Requirements under federal or state law may be either applicable or relevant and 
appropriate (ARAR). for compliance to be necessary. In the case where a federal and a state 
ARAR are available, or where there are two potential ARARs addressing the same issue, the 
more stringent regulation must be selected. In the absence of federal or state promulgated 
regulations, there are many criteria, advisories, guidance values, and proposed standards 
(e.g., DOE Orders) that are not legally binding, but may serve as useful guidance for setting 
protective cleanup levels. These are not potential ARARs, but are “to-be-considered” (TBC) 
guidance. 

Appendix B contains the ARARs identified for the Ventron site. These ARARs will be 
evaluated and incorporated as appropriate into the remediation planning. DOE relies on the 
CERCLA process for review of actions to be taken under CERCLA and has incorporated 
National Environmental Policy Act (NEPA) values into this EE/CA; therefore, no separate 
NEPA review process will be performed. 
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Figure l-l. Location of the Ventron Site 
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Figure 1-2. Plan View of the Ventron Site 
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Table l-1. Chronology of Events for the Ventron site 
Lm&5 3 3 - . _ 

MO 

342 to 1947 

l Metal Hydrides Corporation commercial operations involving uranium began. 

l Metal Hydrides Corporation operated under contract to the MED to convert 
uranium oxide to uranium metal powder. 

948 

9448 to 1950 

965 

l AEC conducted a radiological survey of the site. 
‘@ Decommissioning activities performed by ABC. 

l Two of the three buildings that housed foundry facilities were demolished and two 
new buildings were later constructed in the same locations. 

l Metal Hydrides Corporation became Ventron Corporation. , 

276 l 

377 0 

380 l 

380 to 1982 . 

386 l 

l 

. 

l 

987 0 

987, 1988, 1991 l DOE provided health phy& support to Morton: 

990 l Ventron was renamed Morton International. 

Ventron Corporation acquired by Thiokol Corporation. 

Radiological survey assessment (included both indoor and outdoor surveys of the 
Ventron site) performed for DOE by Oak Ridge National Laboratory (ORNL). 

Ventron became a division of Morton Thiokol, Inc. 

More complete surveys of land aud buildings at the Ventron site conducted for 
DOE by ORNL. 

Congress designates the Ventron site to FUSRAP. 
Based upon the evaluation of the survey results, DOE determined that remedial 
action atIthe site was warrauted. 
Underground tank removed by Morton Thiokol; DOE authorized health physics 
support to Morton Thiokol during this activity. 
Morton ceased all NRC licensedcommercial operations at the Ventron site that 
involved uranium and thornun materials. 

Roof containing radioactive material replaced by DOE aud material disposed at the 
DOE Hanford facility. 

991 l Off-site Vicinity Property Survey Investigation - Subsequent radiological survey 
performed for DOE by ORNL in May to determine if radioactive materials from 
plant operations had migrated off site. 

992 l Ventron site Characterization Investigation - To determine the nature and extent of 
radioactive materials at the Ventron site, further characterization of radioactive and, 
chemical constituents was performed in September and October. Preliminary 
results revealed elevated levels of radioactivity in a few small, isolated areas of the 
site; inside two buildings, aud beneath three other buildings.. 

l Information session held in Beverly, Massachusetts, in December to explain the 
results from the off-site vicinity property survey to the residents. 

993 

994 

l In September, health physics support provided to Morton in support of the state’s’ 
request to sample sediment from Beverly Harbor. 

l Composite sediment samples collected by DOE from Ventron site harbor area. 

l Discrete sediment samples collected by DOE from Ventron site harbor area. 
l Production operations ceased by Morton International at the Ventron site in 

‘November 1994. 

995 l DOE conducted harbor characterization and removal activities. 
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2. SITE CHARACTERIZATION RESULTS 

2.1 CLEANUP GUIDELINJIS 

Current safety and health regulations for radioactive materials are designed to protect the 
public and workers from radiation by limiting the dose that a person may receive. , The 
recommended limit on the dose that an individual may receive each year is established by the 
International Commission on Radiological Protection (ICRP) and the National Council on 
Radiation Protection and Measurements (NCRP). . In the United States (U.S.), the U.S. 
Environmental Protection Agency (EPA), the Nuclear Regulato,ry Commission (NRC), and DOE 
base regulatory limits for radiation exposure on the reconnnendations of the ICRP and NCRP. 
The current limit recommended by the ICRP and NCRP,for exposure of the general public is 
100 millirem per year (mrem/yr) above background from all sources and pathways (excluding 
radon). To allow for the potential exposure of an individual to multiple sources of radiation, 
the potential radiation dose from a single source (e.g., the Ventron site) is typically limited to 
a fraction of the public dose limit (e.g., 25 to 30 mrem/yr). 

For protection of the public from radiation expoiure, DOE uses the 100 mrem/yi dose 
limit as well as generic guidelines for radium and thorium in soil, radon daughter concentrations, 
and indoor gamma exposure rates. The generic limits are taken from previously established 
federal regulations and are typically expressed as concentrations of radionuciides or exposure 
rates [e. g , , pCi/g, pCULiter Q, microRoentgen per hour, @R/hr)] . These generic limits ‘apply 
only to specific radionuclides and conditions and are not appropriate for use with all 
radionuclides. For radionuclides such as uranium (the primary contaminant of concerri at 
Ventron) for which no generic cleanup guidelines are applicable, a site-specific cleanup guideline 
must be developed using the public dose limit (100 mrem/yr) .as the initial basis for derivation. 
To determine the cleanup guideIine for uranium, a site-specific dose assessment is conducted 
using a series of mathematical equations to model the impact of possible future activities at the 
site. This dose assessment is used to calculate the concentration of uranium that, if left in-the 
soil, could expose an individual (either currently or in the future) to the dose limit of 
100 mrem/yr. Once the concentration of uranium is, determined that could cause exposure of 
100 mrem/yr, the actual cleanup ‘guideline is set by using the as low as reasonably achievable 
(ALARA) process to further reduce the cleanup guideline to as far below the 100 mrem/yr limit 
as is reasonably achievable, taking into account t@.mical, economical, safety, and social 
considerations. 

’ 

A site-specific uranium guideline for the Ventron site was developed by Argonne National 
Laboratory (Loureio et al. 1992) using the DOE RESidual RADioactivity Computer Code 
(RESRAD) (Yu et al. 1993). The results from the uranium guideline derivation showed that 
under the most conservative future land use assumption (residential farming at the site, with 
drinking water from an off-site source), a residual U-238 concentration of approximately 
240 pCi/g would be equivalent to an annual dose of 100 mrem. Using the ALARA process, this 
derived estimate was reduced to a site cleanup guideline of 50 pCi/g above background levels 

’ 
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for U-238 in soil or sediment. This cleanup guideline is equivalent to approximately 6 mrem/yr 
for an industrial worker and approximately 21 mrem/yr for residential farming use, assuming 
that off-site water is used for drinking water purposes (DOE 1993a). Remediation of materials 
that contain concentrations of U-238 greater than 50 pCi/g commingled with radium, thorium, 
and/or hazardous constituents is being negotiated between DOE and Morton. 

Several characterization investigations have occurred at the Ventron site since the site was 
used for uranium conversion, recovery, and metal; production operations under MED/AEC ’ 
contracts. The most notable investigations include the following: 

initial survey and decontamination and decommissioning activities by the AEC in 1948, 

screening survey by DOE in 1977 to determine compliance with DOE guidelines, 

l comprehensive radiological surveys of on-site buildings and land by DOE from 1980 to 
1982, 

a radiological survey of 24 off-site residential/municipal properties and the Beverly Harbor 
tidal flats area by DOE in 1991, 

0 comprehensive site characterization investigation by DOE in 1992, and 

l limited additional harbor characterkations by DOE in 1993, 1994, and 1995. 

Each of these characterization investigations is summarized briefly below, 

Initial AEC Survey and Decommissioning (1948) 

The first radiological survey in support of cleanup actions at the Ventron site was 
conducted by the AEC in 1948. Results from this survey indicated the presence of residual 
radioactive material in the two foundry buildings and on various pieces of equipment. 
Decontamination and decommissioning activities performed by AEC in 1948 included 
demolishing the foundry buildings, sandblasting painted surfaces on equipment, and removing 
concrete floors and platforms. These cleanup activities were performed in accordance with 
guidelines in effect at that time (Come11 and Carrier 1988). 
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DOE Screening Survey (1977) 

DOE conducted a radiological site screening survey in 1977 to determine compliance with 
current cleanup guidelines. The results from ‘the initial exploratory measurements showed 
residual radioactive materials above guidelines and, indicated a need for a more comprehensive 
radiological survey of the entire site. 

DOE Comprehensive Radiological Surveys (1980-1982) 

In 1980 DOE initiated the first comprehensive radiological survey at the site. This survey 
included both outdoor and indoor radiation measurements. and sampling of soil and sediment. 
The outdoor survey was conducted from September 19-25, 1980, and included surface and 1 m 
(3-ft) gamma,exposure rate scanning measurements; surface and subsurface soil sampling with 
analyses for U-238, radium @Q-226, and thorium (Th)-232; .downhole gamma logging of 
augered boreholes; and analysis of radionuclide concentrations from sediment samples taken 
from storm sewer manholes (Cottrell and Carrier 1988). The indoor survey was conducted 
during the period from February 22-28,1982, and included gamma exposure rate measurements 
at me floor surface and at 1 m (3 ft) above the floor at selected locations; surface beta-gamma 
dose rate measurements; direct and transferrable alpha .and beta-gamma measurements; and 
subslab soil sampling and analyses for U-238, Ra’226, and Th-232. 

DOE Beverly Harbor Su~ey and W-Site Properties (1991) 

DOE performed a subsequent radiological survey in 1991 to .determine if radioacti,ve 
materials from phmt operations had migrated off site to neighboring areas including the Beverly 
Harbor (Foley and Johnson 1992). The survey includedgamma exposure rate scans and analysis 
for radionuclides in harbor sediment and biological media (lobsters) from the tidal flat areas 
adjacent to the facility. In addition, a survey was performed on 24 off-site residential/municipal 
properties. The survey of the off-site properties included surface gamma scans; beta-gamma 
scans, and analysis of soil samples. 

DOE Site Char&teriz&tion (1992) 

The radiological survey of the Ventron site conducted by DOE in 1992 was to define the 
site areas where, environmental -remediation will be required under FUSRAP (DOE’ 1994). The 
DOE 1992 characterization followed the Streamlined Approach for Environmental Restoration 
(SAFER) (DOE 1992), and included the following characterization measurements: / . 
l ’ analysis of background samples for radionuclides (U-238, Th-230, and Ra-226) and 

chemical constituents Besource Conservation and Recovery Act (RCRA)] characteristics, 
toxicity characteristic leaching procedure (TCLP) metals, polychlorinated biphenyls 
(PCBs), total petroleum hydrocarbons (TPH), and base/neutral and acjd extractable 
organic compounds (BNAEs) in soil, surface water, and sediment; 
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.* near surface gamma scans over all accessible outside areas of the site to determine 
locations with elevated radioactivity; 

indoor and outdoor gamma exposure rate measurements to verify previous survey results; 

limited surface measurements to determine the extent of fixed and/or removable MED- 
related radioactive material within site structures; 

analysis of soil samples for radionuclides and chemicals to investigate the impact from 
potential source areas and other suspect areas as identified by previous ORNL surveys; 

analysis of harbor sediment and surface water samples for radiological and chemical 
parameters to further define affected areas previously identified by the ORNL sediment 
sampling of Beverly Harbor; 

analysis of samples from the ash piles beneath the furnaces in Building A for radiological 
and chemical parameters to determine the extent of elevated constituents in the ash; 

analysis of samples of scale, dirt, sludge, and sediment from the sewer line between 
Buildings A and B for radiological parameters (results from these analyses were used to 
determine if radioactive material is moving off site through the sewer system); and 

analysis of composite samples from mussels collected from the mussel beds in the 
intertidal zone near the south side of the site for radiological and chemical parameters 
(results from these samples were compared to results from the analysis of mussels taken 
from background locations to determine if radioactive ,material is being assimilated by 
biota near the site). 

DOE Harbor Characterizations (1993, 1994, ‘and 1995) 

Composite and discrete samples were collected by DOE in 1993 and 1994 during 
Morton’s sampling activities to determine if Morton’s sampling activities would be impacted by 
elevated levels of radioactivity in the harbor sediment. 

In 1995, DOE surveyed and collected samples from the harbor area to further characterize 
areas of elevated radioactivity and manually remove such areas prior to Morton’s mercury 
removal activities. 

2.3 SURVEY ANDSAMPLlNGRESULTS ’ 

The following sections summarize the results from the most recent investigations (since 
1980) at the Ventron site. The results from the later investigations are the best documented and 
are most representative of current site conditions. The results summarized in the following 
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sections represent the aggregate results from these studies for the harbor sediment and for the 
on-site soil and furnace ash. These results form the basis for analysis of the cleanup options in 
the Ventron EE/CA. 

2.3.1 Harbor Sediment 

Harbor sediment was sampled during the 1991, 1992, ‘1993, 1994, and 1995 DOE 
characterization efforts. 

The 1991 DOE survey focused on the area immediately adjacent to the Ventron site and 
most harbor sediment samples were taken within approximately 15 m (50 ft) of the seawall., The 
1992 DOE harbor study was intended to bound the extent of radioactive materials in the harbor 
sediment; thus, all of the samples collected during this study were taken at locations greater than 
15 m (50 ft) away fromthe site seawall. Both the 1991 and 1992 DOE studies included samples 
of marine organisms (lobsters in 1991 and mussels in 1992) to determine if bottom-feeding 
marine organisms were being affected by radioactive materials. DOE collected samples of the 
harbor sediment again in 1993. and 1994 to determine if sampling activities being conducted by 
Morton would be impacted by elevated levels of radioactive materials. The 1995 DOE 
characterization and removal effort was conducted to determine ,the exact locations of radioactive 
materials prior to Morton’s mercury removal actions in the harbor. 

The results of the 1991 DOE harbor sediment samples showed that the presence of 
radioactive material in the tidal flats area is nonuniform, with isolated areas of elevated uranium 
and thorium concentrations near the seawall. In at least one case, the elevated concentrations 
were attributable to a metal fragment ‘(containing 210,000 pCi/g of U-238). The maximum 
concentrations of U-238, Th-232 and Ra-226 in the tidal flats sediment (excluding the metal 
fragment discussed above) were 22,000 pCi/g, 27 pCi/g, and 1.6 pCi/g, respectively. Elevated 
levels of radioactivity were limited to three general areas, the area south and west of Building F, 
a narrow strip of the tidal flats south of the B Buildings, and an area south and west of 
Building C-l (ORNL 1991, Foley and Johnson 1992). 

Harbor sediment samples collected during the DOE 1992 characterization activities were 
taken at locations greater&tan 15 m (50 ft) from the seawall. All of theses samples contained 
U-238 less than 50 pCi/g, and Ra-226 and Th-232 less than 5 pCi/g. 

The results from samples of lobsters, taken by DOE in 1991, and mussels, taken by DOE 
in 1992, showed no.difference between concentrations of U-238, Th-232, and Ra-226 in samples 
collected from background locations and samples collected near the Ventron site. 

Additional sampling of the harbor area was conducted by DOE in 1993 and’ 1994. In 
September 1993, Morton collected numerous samtiles in the harbor area for hazardous 
constituent analysis. DOE split samples with Morton and prepared two composite samples. The 
samples were collected west of Building C-l, The fist composite consisted of five samples 
collected at low tide at a depth of 0 to .67 m (0 to 2.2 ft). The second composite consisted of 
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five samples collected at a .depth of 0 to .46 m (0 to 1.5 ft) next- to the seawall. All results were 
below 50 pCi/g of U-238 (DOE 1993b). 

In 1994, 22 sediment samples were collected from the harbor during a joint sampling 
effort by DOE and Morton. The first four samples were collected from a distance ranging from 
approximately 9.0 m to 18.0 m (30 ft to 60 ft) southwest and northwest of the outlet pipe in the 
seawall. One sample was collected directly below the seawall. The next five samples were 
collected right next to the seawall from approximately 0.6 m to 3.0 m (2 ft to 10 ft) north and 
south of the outlet pipe. The next set of samples was collected further out at distances ranging 
from approximately 18.0 m to 91 .O m (60 ft to 300 ft) from the seawall. Samples were also 
collected (1) about 50 .yards from the bridge to Salem, (2) from sandbars, (3) adjacent to the 
beach, (4) 100 yards from the seawall, and (5) in the main channels of the Bass and Danvers 
Rivers. All results were below 50 pCi/g for U-238 (DOE 1995). 

In 1995, DOE performed an extensive characterization/removal action in the harbor to 
clearly delineate and remove, if feasible, sediment containing U-238 greater than 50 pCi/g prior 
to Morton’s mercury removal activities in the harbor. All areas of sediment containing elevated 
levels of U-238 that could be manually excavated were removed and placed into storage boxes. 
Approximately 16 yd3 of sediment were excavated and are currently being stored by DOE on 
the Ventron site in the Alfa Building. This material will be shipped off site for disposal along 

. with other wastes generated during the site remediation activities. One area southeast of 
Building B-l,immediately adjacent to the seawall, was not removed as the extent was such that 
manual excavation was not feasible. The maximum depth of the remaining radioactive material 
is suspected to be 1.5 m (4.5 ft). The maximum U-238 concentration detected in this area was 
431.2 pCi/g, measured at a depth of approximately 1 m (3.5 ft) adjacent to the seawall. 

2.3.2 On-Site Soil and Furnace Ash 

On-site soil was sampled during both the 1980 and 1992 DOE site characterizations. , The 
1980 characterization effort included surface soil sampling in outdoor areas within the site 
boundary and around the site perimeter. Subsurface soil samples were taken around and beneath 
Buildings C-l, B-l, B-2, and B-3; in asphalt areas between the buildings; and at the loading 
dock area between Buildings A ,and A-l. Soil samples collected were analyzed for U-238, 
Th-232, and Ra-226. 

The 1992 characterization included soil samples around Buildings A-l, C-l, C-2, C-3, 
C-4, the Alfa building, the former machine shop, and Building F. In addition, samples were 
taken from the loading areas on the west and north sides of Building A-l, from an area between 
Buildings B and’ F in the vicinity of the former barge pier, beneath Buildings A-l and C-2, and 
from the ash piles beneath the furnaces in Building A. All soil samples were analyzed for 
U-238, Th-232, and Ra-226, and selected samples were analyzed for Th-230, RCRA 
characteristics, total metals, PCBs, BNAEs, and TPHs. 

The following sections provide summaries of the current conditions for the on-site soil 
and furnace ash, based on combined results from the characterization efforts. 
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Building A ; 

The area west of Building A and north of Building A-l contained an isolated area where 
U-238 was detected at 200 pCi/g during the 1980 characterization effort. PCBs (Aroclor-1260 
and Aroclor-1254) were detected in two soil samples adjacent to Building A, but the maximum 
detected concentration of 2.3 mglkg (2.3 parts per million (ppm)) is well below the Toxic 
Substances Control Act (TSCA) standard of 25 ppm for an industrial site (40 CFR 76 1.125). The 
ash piles in Building A did not contain concentrations of I&238 greater than 50 pCi/g; however, 
the samples did contain Ra-226 greater than 5 pCi/g. Chemical analyses of the ash pile samples 
showed elevated levels of metals (chromium, lead, nickel, and zinc), and one sample failed the 
RCRA ignitability test. 

Building A-l 

Results from samples collected under Building A-l showed one of four samples with 
U-238 and Th-230 at 190 pCi/g and 44.5 pCi/g, respectively, Chemical analyses of samples 
from below Building A-l showed no results greater than applicable guidelines. 

B Buildings 

Results from analyses of soil around and under Buildings B-l, B-2, and B-3 showed 
numerous locations with U-238 greater than 50 pCi/g. Concentrations of U-238 in soil outside 
the B Buildings ranged from 1.7 to 62,000 pCi/g. Concentrations of U-238 in soil underneath 
the B Buildings were similar, ranging from 1.8 to ‘71,000 pCi/g and averaging 1,800 pCi/g. 
Concentrations of Ra-226 and Th-232 around and under the B buildings were lower than the 
U-238 concentrations, but Ra-226 exceeded 15 pCi/g. The maximum detected concentrations 
for Ra-226 and Th-232 at the B Buildings were 37 and 2.2 pCi/g, respectively. 

Radioactive materials are present primarily under Buildings B-l and B-2, with some 
possibly extending into the area under B-3. The approximate maximum depth of uranium 
greater than 50 pCi/g under the B Buildings is 2 m (6.6 ft). Elevated concentrations of 
radioactive materials range in depth from zero to 1 m (3 ft) over most of the other areas under 
Buildings B-l and B-2. 

C Buildings 

The presence of radioactive materials is evident around and beneath the C Buildings (C-l, 
C-2, and C-3). Surface soil samples around these buildings show Th-232 concentrations up to 
1,300 pCi/g and U-238 concentrations up to 44,000 pCi/g. A subsurface U-238 concentration 
of 1,400 pCi/g was detected under Building C-l. In addition, lead was detected at levels greater 
than the TCLP limits in one sample. 

The maximum depth of elevated radionuclides measured under the basements of Buildings 
C-l and C-2 are 2.15 m (7 ft) and 1.22 m (4 ft), respe&vely. 
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Building P 

._ Uranium-238 greater than 50 pCi/g was not detected in sample; from three soil borings 
in the area around Building F. No pesticides or PCBs were detected, and no TCLP guidelines 
were exceeded in samples from around Building F. 

Alfa Building 

Some surface soil south of the Alfa Building contains Th-232 greater than 5 pCi/g, and 
two sample locations have U-238 levels greater than 50 pCi/g (93 and 54.8 pCi/g). 
Thorium-232 concentrations sampled in surface soil around the Alfa Building range from 
16.7 pCi/g to 3,900 pCi/g. 

Building D 

Based on the results of walkover gamma scan surveys, it is suspected that surface soil in 
an area east of Building D contains residual radioactive material; however, no samples were 
taken in this area. 
activities at the site. 

Additional characterization of this area will be conducted during remedial 

O#-Site Buildings and Properties . 

In 1991, DOE performed a radiological investigation of the residential housing area 
adjacent to the Ventron site. This radiological investigation included radiological surveys of 
approximately 24 off-site residential and municipal properties. The objective of the survey was 
to determine whether or not radioactive constituents from the Ventron site had migrated off-site 
to neighboring areas, and, if so, to what extent. Based on the survey data, no detectable 
radiological constituents had migrated into the vicinity properties and no further investigation 
was warranted (ORNL 1992a through 1992s). 

In 1992, DOE collected soil simples in the basements of two houses (now used as office 
buildings) at 11 and 15 Congress Street, across the street from the Ventron site. None of these 
samples showed concentrations of radioactive materials exceeding cleanup guidelines. 

Stem Sewers 

Storm sewer sediment samples from the most recent sampling indicated that the sewers 
did not contain U-238 greater than 50 pCi/g (DOE 1995). 

2.4 CURRENT SITE CONDITIONS 

The following sections provide general conclusions regarding’ current conditions at the 
Ventron site. These conclusions are based on the results of the investigations described in 
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Section 2.3. The probable extent of radioactive material in harbor sediment and on-site soil and 
furnace ash is shown in Figure 2-l. I 

2.4.1 Harbor Sediment 

The following general conclusions are relevant to remedial actions for the harbor 
sediment, 

0 Uranium-238 greater than 50 pCi/g is confined to an area approximately 7 m (23 ft) by 
12 m (39 ft) southeast of Building B-l, adjacent to the seawall. 

a Within this area, U-238 concentrations range from less than 1.7 pCi/g (minimum) to 
43 1.2, pCi/g (maximum). 

l The maximum depth of the harbor sediment with elevated U-238 concentrations is 
expected to be 1.5 m (4.5 ft). 

0 Residual radioactive material in harbor sediment has not had a detectable impact on 
marine life in the Beverly Harbor. P 

2.4.2 On-Site Soil knd Furnace Ash 

The following general conclusions are relevant to remedial actions for the on-site soil and 
furnace’ ash. 

The ash piles in Building A contain Ra-226 greater than 5 pCi/g and may contain 
hazardous constituents. It is expected that soil and the bedrock surface beneath the ash 
piles under Building A contain elevated radionuclides (primarily Ra-226). . 

Soil directly under the basement of Buildirig A-l contains Th-230 greater than 15 pCi/g. 
The extent of elevated levels of radioactivity in soil under Building A-l is unknown but 
is assumed to be limited because only one of four samples showed concentrations greater 
than cleanup guidelines. 

Uranium-238 greater than 50 pCi/g is present in soil beneath the B Buildings and 
Buildings C-l and C-2 (possibly extending to C-3). Generally, the elevated, 
concentrations are highest in the depth intervals immediately under the surface (building’ 
slab), and decrease with depth. Samples from borings drilled, to a maximum depth of 
2.15 m (7 ft) under Buildings ‘B-2 and C-l showed U-238 greater than 50 pCi/g. / 

Surface soil south of the Alfa Building contains Th-232 greater than 5 pCi/g. Two; soil 
samples south of the Alfa Building contained U-238 greater than 50 pCi/g. 
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a Based on the results of walkover gamma scan surveys, it is suspected that residual 
radioactive material is present in an area east of Building D. The concentration levels 
and extent are unknown and should be investigated further during remedial actions. 

2.5 JUSTIFICATION FOR REMEDiAL A&IONS 

To determine the need for remedial actions at the Ventron site, potential radiation doses 
to humans were evaluated under current and likely future exposure conditions, assuming no 
cleanup of soil or harbor sediment containing residual radioactive material. Doses were also 
evaluated for the cleanup option as a means of comparing the effectiveness of complete removal 
of material containing radioactivity greater than the cleanup guidelines. The results of the dose 
assessment showed that though current radiation doses are very low, estimated radiation doses 
under likely future land uses exceed the 100 mrem/yr public dose ~limit. . ’ 

Because land use around the Ventron site ‘is primarily residential, future land use was 
assumed to be residential for dose assessment purposes. Because the property would have to be 
renovated prior to sale, doses to a renovation worker were also evaluated as part of the no-action 
scenario. In addition, the dose assessment ,considered doses from recreational exposures on the 
tidal flats if #harbor sediment containing radioactive material is left in place. 

Doses to future renovation workers at the site were estimated as 233 rnrem/yr under 
uncontrolled renovation activity exposures to soil containing radioactive material (see 
Appendix A). Future residential doses were estimated as 290 mrem/yr, also assuming 
uncontrolled access to soil containing radioactive material. Recreational activities in the tidal 
flats area would result in an estimated future dose of 5 mrem/yr, assuming no further removal 
of harbor sediment. These doses are based on conservative assumptions of future exposure 
conditions, which would allow much higher exposures than those possible under current 
conditions. The site is currently not operational, and access is controlled through fencing and 
a security service. Thus, exposures to current workers on the site are negligible. 

The threats posed by radioactive materials at the Ventron site are of a non-time-critical 
nature (i.e., no immediate risk to human health or the environment currently exists at this 
property that would require emergency cleanup within 6 months). However, because future 
radiation exposures could exceed the public dose limits, the site conditions do meet criteria listed 
in the National Contingency Plan (NCP) for conducting removal actions to prevent potential 

. future exposures to nearby human populations. 
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Figure 2-l. Probable Extent of Radiologically Impacted Arem 
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Table 2-l. +Summary of DOE Guidelines for Residual Radioactive Material 

BASIC DOSE LIMlTS 
The basic limit for the annual radiation dose (excluding radon) received by an individual member of 
the general public is 108 mrem/yr. In implementing this limit; DOE applies ALARA principles to set 
site-specific guidelines~ 

SOIL GUIDELINES 

Radionuclide Soil Concentration (uCi/g) Above Backgrounda*b*c 

Ra-226, Ra-228, 5 pCi/g when averaged over the first 15 cm of soil below the surface; 15 pCi/g 
Th-230, and Th-232 when averaged over any 15-cm thick soil layer more than 15 cm below the surface. 

Other radionuclides Site-specific U-238 guideline of 50 pCi/g and a total-uranium guideline of 100 @i/g 
were developed for the Ventron site soil. 

STRUCTURE GUIDELINES 

Airborne Radon Decay Products 

0.02 WLd average, not to exceed 0.03 WL. 

External Gamma Radiation 

20 @/hr above background (inside habitable structures). 

Indoor/Outdoor Structure Surface Radioactivity 

Allowable Surface Residual Radioactivitv (dnm/lOO cm2)” 

Radionuclide’ Averag#*h MaximumhJ Removablehj 

Transuranics, Ra-226, Ra-228, Th-230, lQO(Y 3OOcr 20 01 
Th-228, Pa-231, AC-227, I-125, I-12gk 

Th-Natural, Th-232, Sr-90, Ra-223, 1,000 lx 3,000 fx 2OOa! 
Ra-224, U-232, I-126, I-131, I-133 

U-Natural, U-235, U-238, and associated 
decay products 

5,000 o! 15,000 o! 1,000 Q 

Beta-gamma emitters (radionuclides with 
decay modes other than alpha emission 
or spontaneous fission) except Sr-98 and 
others noted above’ 

5,000 B-7 15,ooo rsr 1,~ P-7 
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Table 2-l. (continued) 

a ‘These guidelines take into account ingrowth of Ra-226 from Th-230 and of Ra-228 from +Th-232 and assume 
secular equilibrium. If either Th-230 and Ra-226 or ‘B-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 dose limit, or 2) the sum of ratios of the soil concentration of each radionuclide to the allo&)le 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 m2 surface area. 

c If the average concentration in any surface or below-surface area less than or equal to 25 m2 exceeds the 
author&d lhnit or guideline by a factor of ( 100/A)ln, where A is the area of the elevated region in square meters, 
limits for hotspots shall also be applicable. procedures for calculating these hotspot liits, which depend on the 
extent of the elevated local concentrations, are given in the supplement of the FUSRAF Summary protocol. In 
addition, every reasonable effort shall be made to remove any source of radionuclide that exceeds 30 times the 
appropriate lit for soil, irrespective of the average concentration in the soil. 

d A working level (WL) is any combination of the short-lived radon decay products in 1 L df air that will result 
in the ultimate emission of 1.3 x l@ mega electric volts (MeV) of potential alpha energy. 

c As used in this table, disintegrations per minute (dpm) means the rate of emission by radioactive material ti 
determined by correcting the counts per minute (cpm) measured by an appropriate detector for ba&gror&d, 
efficiency, and geometric factors associated with the instrumentation. 

f Where surface impacted by both alpha- and beta-gamma-emitting radionuclides exists, the limits established for 
alpha- and beta-gamma-emitting radionuclides should apply independently. 

L Measurements of radionuclides should not be averaged over an area of more than 1 m2. 
surface area, the average should be derived for each. 

For obja of less 

h The average and maximum dose rates associated with surfaces impacted from beta-gamma emitters should not 
exceed 0.2 millirad per hour @ad&) and 1.0 mrad/hr, respectively, at a depth of 1 cm. 

i The maximum level for isotopes of concern applies to an area of not more than 100 cm2. 

j The amount of removable radioactive material per 100 cm2 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 
radioactivity on objects of surface area less than 100 cm2 is determined, the activityper unit area should be based 
on the actual area and the entire surface should be wiped. It is not necessary to use wiping techniqnes to measure 
removable radioactivity levels if direct scan surveys indicate that total residual impacted surface levels are, within 
the limits for removable radioactivity. 

k Guidelines for these radionuclides are not given in DOE Order 5400.5; however, these guidelines are considered 
applicable until guidance is provided. 

1 This category of radionuclides includes mixed fission products, including the Sr-90 that is present in them. It 
does not apply to Sr-90, which has been separated from the other fission products, or to mixtures where the Sr-90 
has been enriched. 

Sources: 40 CFR 192, DOE 1986, DOE MO. 
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3. IDENTIFYING AND EVALUATING CLEANUP OPTIONS 

Cleanup options were developed and evaluated separately for each of the media: the 
harbor sediment and on-site soil and furnace ash. Several cleanup options were considered in 
an early screening process and were dismissed from further consideration. A brief description 
of these cleanup options, by media, is presented in Section 3.1. Descriptions of the options 
retained for detailed evaluation are presented in Sectibn 3.2. 

3.x SCREENING OF PRELIMINARY OPTIONS 

For harbor sediment, the options considered in the early screening process were as 
follows: 

4 
B) 
C) 

No action . 
.Removal of harbor sediment greater than DOE cleanup guidelines 
Selective removal of harbor sediment in accordance with supplemental cleanup 
guidelines - 

Option A, no action, was retained for detailed evaluation as a baseline for comparison 
to the *other options. Option B, removal of harbor sediment, was considered feasible and 
retained for detailed evaluation. Option C, selective removal, was dismissed from further 
evaluation. 

In Option C, harbor sediment greater than the current DOE cleanup guidelines would 
remain in the tidal flats. It was anticipated that the dose estimate associated with this option 
would be protective of human health and the environment. However, as the Ventron site is 
located in a residential area and the harbor is used forrecreational activity, DOE dismissed this 
option on the basis that it would not be m the be& interest of the community. 

For the on-site soil and furnace ash, the options considered early in the screening process 
were: 

4 
J9 
C) 
D) 
E> 

No action 
Selective removal in accordance with supplemental cleanup guidelines 
Removal of on-site soil and furnace ash greater than DOE cleanup guidelines 
Capping the site 
Treatment of the on-site soils and furnace ash to reduce the volume requiring off-site 
disposal as a low-level radioactive waste 

Option A, no action, was retained for detailed evaluation as a baseline for comparison 
to the other options. Option C, removal of on-site soil and furnace ash, was considered feasible 
and was retained for detailed evaluation. Options B, selective removal; D, capping in place; and 
E, treatment, were dismissed from further evaluation. 

In Option B, on-site soil: greater than the current DOE cleanup guidelines would remain 
on the Ventron site. It was anticipated that the dose estimates associated with this option would 
not be protective of human health and the environment. In addition, as the Ventron site is 
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located in a residential area and could, be developed for residential purposes in the future, this 
option was not believed to be in the best interest of the connnunity. I 

In Option D, the cap would minimize migration of radioactive constituents caused by 
infiltration of rainwater; however, a cap would not minimize migration of radioactive material I 
caused by tidal infiltration. In addition, capping the Ventron site would likely require zoning 
restrictions as radioactive materials would remain on the site. 
limit future development of the site. 

Such zoning restrictions could 

Option E, treatment, was dismissed early in the screening process as the limited volume 
of radioactive material was not expected to justify the cost associated with the development and 
implementation of a treatment process. 

3.2 DESCRIPTIONS OF SELECTED OPTIONS 

The quantities of harbor sediment and soil and furnace ash, as well as the costs presented 
in this document, are based on preliminary engineering estimates. Though these estimates are 
likely to change when the preliminary engineering is comileted, they are useful for presenting 
the conceptual remediation approach and establishing the relative ranking among the options for 
the harbor sediment and on-site soil and furnace ash. 

I 

I 

3.2.1 Harbor Sediment 
., ” I 

Option I: ‘No Action 

A no action option provides a baseline for comparison with the other option. Under this 
option, DOE would conduct no further activity at the site. Any current potential for human 
exposure to radioactive material would continue to exist in both the short and long-term. 

Option ‘2: Removal of Harbor Sediment -I 

This option involves removal and off-site disposal of harbor sediment containing U-238 
greater than 50 pCi/g, shipment of the removed harbor sediment off site, and unrestricted future 
use of the tidal flats. In this option, public access to the impacted harbor area would be 
restricted; then, harbor sediment containing U-238 greater than 50 pCi/g would be excavated 
using standard construction equipment working at low tide. The excavated harbor sediment 
would be placed into a front-end loader located above the seawall on the site property. The 
excavated sediment would be dewatered by placing it in drying beds on site or by mixing with 
site soil,. Dewatered harbor sediment would be shipped to an off-site disposal facility designed 
for waste with low levels of radioactivity. 

Approximately 5 1 m3 (67 yd3) of harbor sediment would require disposal (Redmon 1996). 
In this option, dewatered harbor sediment would be transported from the site in a secure manner 
to an off-site disposal facility. 
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3.2.2 On-Site Soil and Furnace Ash 

Option 1: No Action 

A no action option provides a baseline for comparison with the other option. Under this 
option, DOE would conduct no further activity at the site. Any current potential for human 
exposure to radioactive material would continue to exist in both the short- and the long-term. 

Option 2: Removal of On-Site Soil and Fumuc~ Ash 

This option involves the removal of on-site soil and furnace ash containing U-238 greater 
than 50 pCi/g, shipment of the removed material off site, and unrestricted future use of the site. 

In order to conduct this option? the fence surrounding the work area would be inspected 
and repaired if necessary, and any furnace ash containing U-238 greater than 50 pCi/g would 
be removed from Building A and treated to render it nonhazardous. DOE would decontaminate 
portions of Buildings A-l, A, and the Alfa Building, as necessary. Then’ Morton would 
demolish the site buildings and dispose of the nonradioactive structural debris. 
structural debris would be crushed by DOE prior to disposal. 

If required, the 

On-site soil containing U-238 greater than 50 pCi/g would be excavated. The excavated 
soil and treated furnace ash would be sampled to ensure they meet the waste disposal acceptance 
criteria prior to being shipped off site for disposal. Excavated soil and treated furnace ash 
would be shipped to an off-site disposal facility designed for waste with low levels of 
radioactivity. Ubon completion of the work by DOE, Morton will, where necessary, backfill, 
grade, arii seed the site. 

The in situ volume of soil requiring excavation for this option is estimated to be 1,270 m3 
(1,660 yd3) (Redmon 1996). The volume of excavated soil requiring disposal is estimated to be 
1,650 m3 (2,160 yd3) (conservatively assuming a 30 percent volume increase due to excavation). 
The volume of furnace ash to be removed is estimated to be 1.5 m3 (2 yd3). The vol~e of’ 
treated ash requiring disposal is estimated to be 3 m3 (4 yd3) (conservatively assuming a 100 
percent volume increase due to the stabilization/solidification treatment process). 

This option assumes that the excavated soil and treated fnrnace ash would be transported 
from the site in a secure manner to an off-site disposal facility. 

3.3 EVALUATION OF OPTIONS 

The options identified in Section 3.2 were evaluated against three general requirements: 
(1) how well the cleanup option works (effectiveness), (2) how easily the cleanup can be done 
(implementability), and (3) cost. 
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The evaluation of the options was based on the following assumptions: I 

Morton would demolish Buildings A-l, B, and C to provide access to the impacted soil 
and 

future land use could include. residential development. 

Findings of the evaluations are summarized in Sections 3.3.1 through 3.3.3. ’ 

I 
3.3.1 Effectiveness 

The effectiveness of a cleanup option is based on how well it protects human health and 
the surrounding environment from risks of exposure to radioactive materials both during and 
after implementation. Measures of effectiveness include: 

l potential health risks from exposure to or contact with the radioactive materials both 
during and after cleanup; 

0 compliance with ARARs and other guidelines and environmental regulations that apply u 
to the cleanup activities (see Appendix B); 

0 how quickly the cleanup can be completed; and I . 

0 the ability to lower the harmful effects (toxicity), reduce the movement of the radioactive 
materials (mobility), and decrease the volume of impacted material. 1 

The evaluations of the cleanup options’ effectiveness are presented in Sections 3.3.1.1 
and.3.3.1.2. I 

3.3.1.1 Harbor Sediment 

Potential Health Impacts 

A radiological dose assessment (see Appendix A) was performed to provide a basis for 
comparing the potential health risks from the cleanup options under likely current and future I 
conditions at the site. Four primary exposure scenarios have, been identified to represent the 
likely current and future exposure possibilities at Ventron: (1) a current or future renovation 
worker involved in demolition or construction activities at the site, (2) future residents living at I 
the site (after building removal or renovation), (3) future recreational exposures, from 
radioactive materials in harbor sediment, to residents living at or near the site, and (4) potential 
ecological exposures to marine life caused by radioactive materials in the harbor sediment. The I 
methodology and assumptions used in the radiological dose assessment are contained ‘in 
Appendix A. 

For the harbor sediment, the primary potential receptors are humans involved in 
I 

recreational activities and ecological receptors (e.g., mussels, chuns, etc.). Both human and 
ecological receptors could be exposed through ingestion of impacted surface water and harbor I 
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sediment, and by direct external gamma..radiation from harbor sediment containing residual 
radioactive material. 

. The ecological exposure scenario was not evaluated quantitatively for the harbor sediment 
in the dose assessment because samples from mussels and lobsters to date have not shown 
evidence of being impacted; furthermore, assessment of radiation doses to aquatic organisms is 
highly MCertain. The ecological exposure scenario, however, was considered in the assessment 
of environmental impacts. 

Under Option 1, no action, the total estimated dose under a recreational scenario was 
5 m.rem/yr primarily because of external gamma radiation from localized radioactive material 
in the harbor sediment. This dose is well below the public dose limit of 100 mrem/yr; and it 
is significantly below the average exposure received in the US. from normal background 
radiation (approximately 300 mredyr) . 

Under Option 2, complete removal, the total estimated dose to a member of the public 
for recreational activities, following the removal action, was estimated as 0.1 mrem/yr. This 
option assumes that after removal of harbor sediment containing U-238 greater than 50 pCi/g, 
the predicted remaining U-238 UCL, concentration is approximately 16 pCi/g. 

The transportation risk estimates the potential for a traffic accident thnt would cause a 
fatality. (Any waste spilled during an accident would be removed according to cleanup 
requirements and is not expected to- result in any unacEptable exposures). In general, the 
further the destination and the greater the number of vehicle trips involved, the higher the risk 
of a transportation accident involving a fatality. When comparing transportation modes, truck 
transportation has a higher fatality per mile ratio than rail transportation. For the purposes of 
this analysis, the disposal facility was assumed to be an existing facility located in Utah that is 
approximately 2,376, miles away from the Ventron site (round trip of 4,752 miles) (Rand 
McNally and Company 1994). In addition, both rail and truck transportation in bimodal 
containers were ,evaluated. Transporting the materials for disposal in Option 2 presents a risk ; 
of fatality of 2.3 x 104. \ 

‘Potential Environmental Impads 

The harbor sediment in the tidal flats at the Ventron site is located within the lOO-year 
floodplain, a coastal wetland, and the ,Massachusetts coastal zone (see Appendix D), Under 
Option 1, no action, sediment with levels of U-238 above guidelines would remain in place, 
allowing potential radiation exposure to ecological receptors. However, this option would avoid 
the, physical disturbance associated with excavation. 

Some. minor environmental impacts could occur during excavation of the harbor 
sediment. The magnitude of these impacts is directly related to the quantity of sediment to be 
excavated. Harbor organisms may experience some disturbance under Option 2; however, these 
impacts are expected to be minimal (see Appendix H). Such impacts include incrensed 
suspended sediment in the water, which may increase exposure of marine and estnarme 
organisms to uranium. 

I 

‘The lower portion or mouth of a river where the saltwater tide meets the freshwater current. 
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In the short term, immediate and direct negative impacts would affect those individual 

organisms present at excavation (e.g., mussels, clams, crabs, etc.). The localized extent and . 
limited duration of excavation would prevent major population-level impacts. Furthermore, 
removal of sediment containing residual radioactive material would likely have a beneficial effect 
on estuarine and marine populations in the long term. 

During cleanup, wading and diving birds could experience minor impacts, but these 
impacts would be temporary. As in the case of estuarine and marine organisms, removal of the 
sediment containing residual radioactive material would likely be beneficial in the long term. 

Potentially significant impacts to marine and estnarine organisms could also occur if 
water leaking into the excavation area became impacted and was subsequently pumped into the 
harbor. However, the potential for this occurrence could be minimized by monitoring the water 
pumped into the ‘harbor. 

Based on consultations with the U.S. Fish and Wildlife Service and National Marine 
Fisheries Service, no threatened or endangered species under their jurisdiction occur in the 
Ventron site area (see Appendix E). 

Compliance with Guidelines, Laws, and Regulations I 

Option 1, no action, would not comply with the site-specific cleanup guidelines as harbor 
sediments containing concentrations of U-238 greater than DOE cleanup guidelines would remain 
in the harbor. Option 2 would fully comply with the site-specific cleanup guidelines and . 
applicable regulatory requirements. Following the implementation of Option, 2 no restrictions 
on the use of the harbor would be required and the harbor risks would be essentially eliminated. 

A list of environmental and safety requirements that may be used at the Ventron site is 
contained in Appendix B. 

, 

3.3.1.2 On-Site Soil and Furnace Ash 

Potential Health Impacts 

For the on-site soil and furnace ash, the most significant potential radiological exposures 
at the site would be to a renovation worker or to a future resident after renovation of the site 
(with radioactive material remaining). 

Under Option 1, no action, the estimated dose to a renovation worker is 233 mrem/yr; 
inhalation of dust and direct gamma radiation would contribute the majority of the dose. 
Exposure to on-site soil and furnace ash containing elevated levels of U-238 under residential 
conditions results in a total estimated dose of 290 mrem/yr, also primarily due to inhalation of 
dust and direct gamma radiation. Both of these dose estimates exceed the public dose limit of 
100 mrem/yr . 

Under Option 2, complete removal, the primary contributors to the dose are inhalation 
of dust and direct gamma radiation. Option 2 results in an estimated dose rate of 14 mrem/yr 
to a renovation worker and 21 mremlyr to a resident. These estimated dose rates are well below 
the public dose limit of 100 mrem/yr. 
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Transporting the materials for disposal in Option 2 would present a fatalf; risk of 
3.3 x 10-3. 

Potential Enviro?lmentd Impacts 

Ventron is a developed site and has little, if any, terrestrial habitat to support ecological 
receptors. No prime farmlands are On the site. Impacts of remediation within the, floodplains 
and coastal wetlands buffer zone and within the Massachusetts coastal zone would be’temporary 
and could be mitigated (S&Z Appendix D). Based on consultations with ,the U.S. Fish and 
Wildlife Service and National Marine Fisheries Service, no threatened or endangered species 
under their jurisdiction &cur in the Ventron site area (see Appendix E). 

For Option 2, some minor environmental impacts could occur during excavation of the 
soil. For example, disturbed areas would be susceptible to wind and water erosion. Effects 
from runoff or dust entrainment could be minimized or eliminated by using preventive measures 
such as dust suppression techniqu& and barriers to minimize exposed dirt moving off site during 
rainstorms. 

The seawall @at borders the excavation areas could be damaged during the excavation 
activities. l%.rnage or collapse of the seawall ‘could cause significant impacts to marine and 
estuarine orga3iisms. Damage to the seawall could be minimized by shoring tie excavation area 
and possibly grouting the seawall. 

Potentially significant impacts to marine and estuarine organisms could also occur if 
water leaking or flowing into the excavated area became impacted and was subsequently pumped 
or flowed back into the harbor. However, the potential for this occurrence could be minimized 
by monitoring the water pumped or flowing back into fhe harbor. 

Compliance with &&k&es, Laws, and ‘Regu1ation.v 

Option 1, no act&m, would not comply with the site-specific cleanup guidelines, as 
materials containing concentrations of U-238 greater than 50 pCi/g would remain at the Ventron 
site. Option 2 would fully comply with the site-specific cleanup guidelines and applicable 
regulatory requirements. Following implementation of Option 2, no restrictions on the use of 
the site would be required and the site risks would be significantly minimized. 

A list of environmental-an&safety-requirements that may--be used at the Ventron site are 
contained in Appendix B. 

3.3.2 Implementability 

. The implemkntability of an option is determined bl): (1) its technical feasibility; (2) the 
availability of equipment, skilled workers, and disposal locations; and (3) its’acceptability to the 
state, local community, and DOE (administrativti feasibility). 

The evaluations of the cleanup options’ implementability are present@ in Sections 3.3 -2.1 
and 3.3.2.2. 
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3.3.2.1 Harbor Sediment 

Technical Feasibility 
.I 

B&h of the options are technically feasible. Option 1 involves no action. Option 2 
would involve excavating impacted sediment, from the tidal flats at low tide using standard 
construction equipment. This is a standard excavation technique that has been used successfully 
in coastal areas. The excavated sediment would be dewatered on site by placing on drying beds 
or mixing with excavated site soil. There is adequate room on the Ventron site to accommodate 
drying beds. 

Disposal of the dewatered sediment generated during cleanup is technically feasible 
because disposal facilities’ currently exist. Under. Option 2, the harbor area. would be cleaned 
to below the DOE cleanup guidelines. Long-term maintenance would not be required and the 
harbor area would be released for unrestricted use. 

Availability of Services and Materials 

All of the equipment, services, and materials required to implement Option 2 are readily 
available No specially made equipment or materials would be required. 

Administrative Feasibility , 

Both options are administratively feasible. Under Option 1, sediment containing U-238 
greater than 50 pCi/g would remain in the harbor. However, the dose rate estimate of 
5 mrem/yr for Option 1 is low and is protective of human health and the environment. 

Option 2 is expected to have- a positive effect on the community as all sediment 
containing U-238 greater than DOE cleanup guidelines would be removed from the harbor and 
the dose would be essentially eliminated. 

3.3.2.2 On-Site Soil and Furnace Ash 

Technical Feasibility 

Both of the options ark technically feasible. Option 1 involves no action. Option 2 
involves removing soil containing U-238 greater than DOE cleanup guidelines, using standard 
excavation equipment and techniques. Option 2 may require some shoring of the excavation area 
for safety and structural support and/or repairing, or supporting, the seawall during excavation 
activities adjacent to the seawall. In Option 2, the furnace ash would be manually removed from 
beneath the furnaces in Building A and treated by solidification/stabilization to render the waste 
nonhazardous. Solidification/stabilization techniques for metal-containing hazardous waste are 
widely recognized as effective treatment processes for rendering waste nonhazardous. 

Disposal of the excavated soil and treated furnace ash generated during cleanup’ is 
technically feasible because disposal facilities currently exist. Under Option 2, the site soil 
would be cleaned to below the’ DOE cleanup guidelines. Long-term maintenance would not be 
required and the site area would be released for unrestricted use. 
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Availability of Services apul Materials 

All of the equipment, services, and materials required to implement Option 2 are readily 
available, No specially made equipment or materials .would be required. 

Administrative Feasibility 

Option 1, no action, is not administratively feasible.. Taking no action could allow the 
public to have access to areas where radioactive material is above acceptable levels and could 
result in the spread of radioactive material if the site area were altered in the future. Therefore, 
it would not comply with DOE Orders requiring protection of the public health and the 
environment and would not comply with similar applicable state and federal requirements. 

’ 

Option 2 is administratively feasible. Similar cleanup projects have been successfully 
completed. Administrative activities may include interagency agreements or waivers, as well 
as obt,&@ input from state health and enviromnental agencies, local officials, and the 
community. , 

Option 2 would be expected to have a positive effect on. the community. Under 
Option 2, soil containing U-238 greater than DOE cleanup guidelines would be removed and the 
site could then be developed for residential use without radiological restrictions. 

3.3.3 cost 

The costs presented in *this section are preliminary engineering estimates based on 
conceptual remediation approaches. These estimates are presented to establish the relative 
ranking among the cleanup options. The cost comparisons for the cleanup options are discussed 
below. The methodology and assumptions used in developing the cost estimates, as well as the 
detailed estimates, are contained in Appendix C. 

3.3.3.1 Harbor Sediment 

Because no action would be taken, no costs are associated with Option 1. 

Option 2 would involve excavating approximately 51 m3 (67 yd3) of harbor sediment 
from the tidal flats at low tide. Due to the low volume of harbor sediment being excavated, it 
is expected to #take minimal time to complete. If necessary, a drying bed would be constructed 
on site to dewater the harbor sediment. The dewatered sediment would be transported by truck 
to a railyard, then transported by train to the disposal facility. 

based on a disposal volume of 51 m3 (67 yd3), the cost for Option 2 is $ 932,OW 

3.3.3,..2 On-Site Soil and Furnace Ash 

Because no action would be taken, no costs are associated with Option 1. 

In Option 2, the fencing around the work area would be inspected and repaired, if 
necessary. DOE would decontaminate, as needed, the interiors of Buildings A and A-l. 
Furnace ash containing U-238 greater than DOE cleanup guidelines would be removed from 
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Building A and solidified/stabilized on site to render it nonhazardous. Morton would then 
demolish, at a minimum, Buildings A-l, B, and C to provide access to the underlying impacted 
soil. Following building demolition, soil containing U-238 greater than DOE cleanup guidelines 
would be removed using standard construction equipment. Following DOE remediation 
activities, the site would be backfilled, graded, and seeded as required by Morton. 

The soil and stabilized ash would be transported by truck to a railyard, then transported 
by train to the disposal facility. Structural debris meeting DOE’s criteria for release for 
unrestricted use would be disposed of by Morton. 

Based ori a disposal volume of 1650 m3 (2,160 yd3) for soil and 3 m3 (4 yd3) for treated 
furnace ash, the cost for Option 2 is $ 3,697,OOO. 
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4. COMPARISON OF THE CLEANUP OPTIONS 

The two cleanup options for the Ventron site were compared with each other using the 
three evaluation requirements: effectiveness, implementability, and cost. Tables 4-1 and 4-2 
compare options for each of the media. DOE’s preferred sitewide cleanup option combines the 
options chosen by DOE from the evaluation performed .for each of the media. 
sitewide cleanup option is presented in Section 5. 

The preferred 

Table 4-l compares the cleanup options for the harbor sediment; Table 4-2 compares the 
cleanup options for the on-site soil and furnace ash. 

Table 4-l. Comparison of Cleanup Options for Harbor Sediment 

. options Effectiveness Implementability cost 

Option 1 

No Action 

option 2 

Removal of 
Harbor Sediment 

Not effective in reducing Technically implementable; 0 
potential human health risks, administratively feasible, 
but estimated radiation dose but there is public concern 
(5 mrem/yr) does not exceed over elevated urauiuui 
public dose limit. Not levels in the harbor. 
effective in reducing’ long- 
term environmental impact. 

Effective iu reducing human Technically implementable, $932,ooo 
health risks (dose = administratively feasible. 
0.1 mrem/yr) and long-term 
environmental impacts. . 
Long-term environmental 
protection, but potential short- 
term environmental ‘impacts 
during remediatiofi. Complies 
with ARARs. 

Option 1, no action, allows harbor sediment with U-238 above the site-specific guideline 
of 50 pCi/g to remain. Although this option avoids the short-term environmental impacts of 
excavation to ecological receptors, it allows long-term potential radiation exposures. 

. Option 2, removal of harbor sediment, has greater short-term impacts but also has greater 
long-term benefits by removing sediment with U-238 levels above DOE cl&mup guidelines. 
DOE recognizes the importance of public concern over elevated .uranium levels in the harbor 
sediment. 
. 
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Table 4-2. Comparison of Cleanup Options for On-site Soil and Furnace Ash 

Options 

Option 1 

No Action 

Effectiveness Imple~entability cost 

Not effective in reducing Technically implementable; 0 
potential human health risks; not administratively 
estimated radiation dose .feasible. 
(233-290 mrem/yr) exceeds 
public dose limit. Less risk 
of potential short-term 
environmental impacts than 
other option. Does not 
comply with the site-specific 
DOE cleanup guidelines or 
ARAFts. 

Option 2 

Removal 
of On-Site Soil 

and Furnace Ash 

Effective in reducing potential Technically implementable; 
human health risk (14-21 administratively feasible. 
mrem/yr). Long-term 
environmental protection, but 
potential short-term 
environmental risks. Complies 
with ARARs. 

$ 3,697,OOO 

Option 1, no action, allows soil with U-238 levels above guidelines to remain as a source 
of potential exposure, with an estimated radiation dose exceeding public dose limits. Option 2, 
removal of on-site soil and furnace ash, is protective of human health and the environment and 
permits unrestricted release of the site. 
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5. SELnECTNM OF ti’PREFERREXi SITEWIDE CIiEAMJP OPTION 

DOE has selected Option 2 in each case for both the harbor sediment and the on-site soil 
and furnace ash as the preferred sitewide cleanup option. These options are protective of human 
health and the environment and would allow for future use of the property with no radiological 
restrictions. Risks associated with excavation and transportation activities would be minimized 
by using best management practices. 
existing waste disposal facilities. 

All removed material would be disposed at appropriate 
Once this action is completed, no future restrictions such as 

fencing, warning signs, deed restrictions, or long-term environmental surveillance would be 
necessary. 

Under the selected sitewide cleanup option, furnace ash containing U-238 ‘greater than 
DOE cleanup guidelines would be removed from Building A; treated, and containerized. DOE 
would decontaminate, as necessary, Building A, A-l, and the Alfa Building. 
would be. demolished by Morton. 

Then site buildings ’ 
On-site soil containirig U-238 greater than DOE cleanup 

guidelines would be excavated and containerized. Then harbor sediment containing U-238 
greater than DOE cleanup guidelines would be excavated, dewatered, and containerized. The 
excavated materials would be transported to an appropriate existing .off-site radioactive waste 
disposal facility. 

To verify the site meets release criteria, samples would be collected for analysis from 
the excavated area prior to backfilling. Following verification that the areas meet cleanup 
guidelines, the site would be backfilled and restored, as necessary, by Morton. 

(‘1) 

(2) 

(3) 

(4) 

(5) 

(5) 

(6) 

0 

(8) 

(9) 

In summary, the proposed action would include the following: , 

Removal of. the furnace ash from Building A and treatment to render the ‘ash 
nonhazardous. 

Decontamination, as necessary, of Buildings A-l, A, and the Alfa Building. 

Demolition of, at a minimum, Buildings A-l, B, and C by Morton. 

Loading and packaging of nonradioactive waste materials by Morton. 

Transport of nonradioactive waste materials to anappropriate off-site disposal facility by 
Morton. 

Removal of soil containing U-238 greater than 50 pCi/g. , 

Removal of harbor sediment containing U-238. greater than 50 pCi/g. 

Dewatering of harbor sediment, as necessary. 1 

Loading and packaging of radioactive waste materials. 

Transport of radioactive waste materials to an appropriate off-site disposal facility. 
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(10) Systematic verification sampling from the excavated areas to confirm compliance with 

cleanup requirements. 
\ 

8 
(11) Site restoration activities by Morton, as ,necessary, to restablize the excavated areas. 

The combined cost of the preferred sitewide option is $4,842,800. 
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6. PUBLIC PARi’IClPATION AND COMMUNITY RELATIONS 

6.1 HOW TO PARTICIPATE IN TRE DECISION-MAKING PROCESS 

The public, Massachusetts Department of Environmental Protection, and other state and 
local government officials are invited to review this document, Written tiomments on the 
document and DOE’s preferred option may be made during a 30-day public comment period that 
starts February 12, 1996 and ends March 13, 1996. Comments for the administrative recdrd 
will be accepted any time during the public comment period. 

Copies of the EEKA for the Ventron site and administrative record files are available 
at the following location: 

Hours of Oneration 

Beverly Public Library 
32 Essex Street 

Beverly, MA 01915 
(508) 921-6062 . 

Monday - Thursday 9:00 a.m. - 9:00 p.m. 
Friday and Saturday 9:00 a.m. - 5:OO.p.m. 

Reference Librarian: Ms. Suz&me Nichelson 

Copies of this document will also be provided upon request. Call DOE’s toll-free 
number, l-800-253-9759. 

DOE will evaluate and respond to comments received during the public cominent period. 
DOE is especially interested in input regarding the preferred sitewide option and any 
considerations for carrying out the cleanup remedy. Final selection of the cleanup option will 
not be ,made until comments have been evaluated. Written comments should be addressed to: 

Mr. James Kopotic 
U.S. Department of Energy - 
Former Sites Restoration Division 
Oak Ridge Operations Office 
P.O. Box’ 2001 
Oak Ridge, TN 37831 

/ 

6.2 COMMUNITY RELATIONS PLAN 

Issues of community concern regarding the Ventron site, with respect to environmental 
cleanup efforts there, are of utmost importance to DOE. As support to the upcoming cleanup, 
this plan outlines community relations activities that will be integrated into the effort. 
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This community relations plan has been prepared to guide DOE in proceeding with a 
community relations program tailored to the needs of the local community. Community relations 
activities ensure that the local public is given the 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 the Ventron site, on 
information sharing with community relations representatives from Morton, and on DOE 
interactions with local stakeholders. The plan has been developed to meet provisions of the 

’ National Contingency Plan (NCP) and CERCLA, and, through its inclusion in the EE/CA, is 
a part of the official administrative record. This plan has been developed in accordance with 
EPA guidance (EPA 1992). 

i 

a. 

l 

l 

a 

l 

0 

a 

0 

0 

l 

l 

Basic community relations activities regarding the Ventron site will include the following: 

broadly publicizing pertinent information about the remedial action at the Ventron site; 

scheduling and publicizing the start of the 30-day public comment period on the EE/CA; 

preparing a responsiveness summary to address the comments received; ’ 

preparing and distributing a fact sheet(s) as necessary; 

conducting topical workshops as needed or requested to help members of the public 
understand and participate 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 local officials to discuss DOE site activities; 

responding directly to citizens’ iriquiries; providing speakers to small, informal meetings 
regarding site activities; and conducting site tours as requested; 

maintaining information contacts for the media, local officials, and the public (see List 
of Contacts in Section 6.3). 
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6.2.1 Community Background 

6.2.1.1 Government Entities and Community Profile 

The city of Beverly is located in an urban, industrialized area of Essex County, 
approximately 24 km (15 miles) northeast of Boston. The populations of Essex County and the 
city of Beverly, respectively, are approximately 692,859 and 41,266. 

The city is governed by an elected mayor and a nine-member council and includes a 
public health director. Essex County is governed by a three-member county commission. 

The Ventron site is in the 6th U.S. Congressional District, Massachusetts Senate 
District 2 (Essex) and Massachusetts House of Representatives District 6 (Essex). 

6.2.1.2 Community Involvement 

DOE has established an administrative record file and information repository for the 
Ventron site at the Beverly 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 mo& general interest to the public, such as fact sheets, 
newspaper articles, and other information materials pertaining to the site. (For locations, h&s 
of operation, and phonenumbers, see Section 6.1.) . 

6.2.1.3 Summary of Community Concerns I 

DOE’s presence in the Beverly community to date has been limited, because only 
minimal on-site work has yet been performed by the,agency and its contractors. During the time 
since responsibility for radiological cleanui, at the Ventron sire was assigned to FUSRAP in 
1986, DOE representatives have met with local officials, local representatives of Morton, and 
community members to discuss work plans and progress, such as characterization activities, 
maintenance issues, environmental compliance, cleanup scenarios, and other site-specific issues. 

Because DOE has had limited on-site activity, there has not been an abundant display of 
community concern regarding the radiological materials located there. There have occasionally 
been media reports regarding the site’s role in MED activities. Such reports typically result in 
increased community interest and basic curiosity about the DOE connection to site. But the 
interactions that have taken place generally have been positive and rooted in cooperation. 
Residents of the neighborhood adjacent to the site were understandably concerned and engaging 
when, in 1991, radiological surveys were performed on 24 residential properties to determine 
whether any radiological material from the site had spread off site. No radioactive materials 
were found off site. A very positive, post-survey, public information session was held to cover 
the details of the work with affected property owners and other interested parties. Close 
cooperation between DOE and Morton, and timely, informative contact with community 
members, were key to the effort’s success and helped foster trust between the neighborhood and 
DOE. 

Community interest in DOE’s stake at the’site also increased in conjunction with state 
plans to construct a bridge nearby. Some area residents expressed concern that the work may 
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spread radioactive materials associated with the Ventron site. A resident once noticed that DOE 
workers were on site just prior to planned bridge construction and surmised that there was a 
issue related to radioactive materials and bridge work. DOE corresponded several times with 
local residents and area and state representatives, explaining that the DOE workers were there 
to provide health physics support to Morton, at their request, for some work Morton was doing, 
and that DOE’s assessment of the bridge construction project left the agency with no reason to 
suspect any radioactive materials m the area of the proposed bridge. , 

Generally, community understanding of the radiological conditions at the site - that the 
materials are contained and are not moving offsite - is good. A recent DOE characterization 
and sampling effort in the adjacent harbor generated some inquiries, but those who called were 
most interested in the schedule to complete site-wide cleanup and ‘were glad to see that 
radiological material was being removed from harbor sediments. The presence of the materials 
in the harbor had concerned some residents who wondered if the uranium could get into the 
water or could affect animals in the harbor. (An ORNL study of sea life, such as lobster, in the 
area waters showed no uptake of site-related radiological materials by the animal population.) 

One aspect of the site that is of apparent high concern’to the community is not related 
to radiological impacts to the public and environment, but centers on ‘the disposition of the 
property once the cleanup is complete. The neighborhood adjacent to the site is very favorably 
situated next to the Beverly Harbor and some residents fear that future construction on the 
property could impact their property values. While this community concern is real and worthy 
of local consideration, it is outside the realm of DOE’s involvement with the site. Since the site 
is not owned by DOE, DOE is not in a position to regulate or guide the disposition of the 
property, and it will eventually be released from the FUSRAP program following cleanup. 

6.2.2 Highlights of Community Relations Program 

Through effective community relations, FUSRAP seeks to further an atmosphere of trust, 
partnership, understanding, and cooperation in communities affected by the program. DOE 
recognizes that it is in everyone’s best interest that a site cleanup be an open and interactive 
process. The agency will establish lines of communication, providing ample opportunity 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 for the Ventron site is James Kopotic, of DOE. He is also the primary spokesperson 
for the site to the media. Mr. Kopotic is assisted in this role by FUSRAP Community Affairs 
representative Wayne Scarbrough. Mr. Kopotic can be contacted at DOE’s Former Sites 
Restoration Division, P.O. Box 2001, Oak Ridge, TN, 37831-8723, or by phone at (423) 576- 
9441. Mr. Scarbrough can be reached at (423) 576-6563. Both Mr. Kopotic and Mr. 
Scarbrough can also be contacted through DOE’s 24-hour, toll-free information line at l-800- 
253-9759. 
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Objectives of the Ventron site 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 decjsion making; 

conduct a formal 30-day comment period for the EEKA followed by a responsiveness 
summary to comments received; 

maintain interface with stakeholders throughout the cleanup process. 

6.2.3 Community Relations Activities and Timing 

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 the 
Ventron site are intended to address possible community concerns and information needs as 
identified through stakeholder interaction. 

To date, DOE has communicated with persons interested in the Ventron site through 
personal contacts, fact sheets, media announcements, and presentations at’meetings. These and 
other mechanisms will be used to inform the public of DOE plans and decisions throughout the 
cleanup process. 

The following community relations activities have been or will be conducted relative to 
DOE’s work at the Ventron site: 

Project Milestone Community Relations Activities 

Prenaration of EEKA Designate information contact; 

Establish administrative record and information repository; 

Conduct meetings with stakeholders to discuss site status and 
.plans, as ‘needed; 

Prepare site fact sheet and include in administrative record. 
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Issuance of EEKA for Include draft document in administrative record; 
public comment 

Conduct information session, if interest warrants, to discuss 
cleanup plans/issues;, 

Include community relations plan as part of the EE/CA; 

Provide speakers for local groups, if requested; 

Publish notice of EEKA and information repository availability; 

Provide 30-day comment period of the draft EE/CA; 

Distribute, draft EEKA to key stakeholders; 

Respond to inquiries. 

Issuance of final 
EWCA and action 
memorandum ’ 

Prepare responsiveness summary addressing comments received 
during public comment period; 

Conduct meetings with state and local officials, as needed, to 
discuss cleanup plans; 

Issue news release about cleanup; 

Respond to inquiries; 

Remedial Action 

Include final document, with responsiveness summary, and action 
memorandum in administrative record. 

Respond to inquiries; 

Issue news release upon completion. 

To implement these activities, the following communications tools and materials may be 
required: 

l Mailing list that includes members of various stakeholder groups; 

l Media kit containing FUSRAP booklet and fact sheets, site fact sheets, and other 
pertinent information; 

l Display advertisements to promote various public participation opportunities. 
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United States Government 

i memorandum 
Department of Energy 

Oak Ridge Operations Office 

DATE: May 1, 1996 

REPLY TO 

ATTN OF: EW-93 1,’ / 

SUBJECT: VENTRON SITE - ACTION MEMORANDUM FOR REMEDIAL ACTION 

TO: File 

The purpose of this memorandum is to document selection of cleanup measures 
for radioactively contaminated materials at the Ventron site in Beverly, 
Massachusetts. Remedial action at this site is being conducted under the U.S. 
Department of Energy’s (DOE) Formerly Utilized Sites Remedial Action Program 
(FUSRAP). The selected alternative is to remove residual radioactive materials 
exceeding the site-specific cleanup criteria for off-site disposal. 

An Engineering Evaluation/Cost Analysis (EE/CA) describing removal alternatives 
was issued to the public on February 12, 1996, for review and comment. DOE 
published a display advertisement announcing the availability of the EE/CA and 
the 30-day public comment period which ended on March 13, 1996. A ietter 

from the Site Manager transmitting a copy of the draft EE/CA was also sent to 
individuals and members of organizations who had previously expressed interest 
in the Ventron site. 

The comments received were limited but were favorable toward the proposed 
action. A responsiveness summary was prepared and has been incorporated into 
the final EEKA document, which will be placed in the administrative record file 
for the site located at the Beverly Public Library, Beverly, Massachusetts. 

. 

Based upon the EEKA and comments received during the public review period, 
the recommended action is considered appropriate and will be implemented in 
accordance with the requirements of the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA), as amended. A review of 
the proposed action in accordance with the National Environmental Policy Act 
(NEPA) determined that it meets the requirements for a categorical exclusion. 

Lester K. Price, Director 
Former Sites Restoration Division 
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Science Applications international Corporation 
An Empbyee-Owned Company 

April 251996 

U.S. Department of Energy 
Oak Ridge Field Office 
P.O. Box 2001 
Oak Ridge, TN 37831-8758 

Attention: Mr. James D. Kopotic 
Opportunity Sites Manager, FUSRAP 

Subject: Contract DE-AC05SlOR21950 
VENTRON - ENGINEERING EVALUATION AND COST ANALYSIS (EEKA) RESPONSJVENESS 

SUMMARY AND ERRATA SUMMARY 

Dear Mr. Kopotic: 

Enclosed are the Ventron Engineering Evaluation/Cost Analysis (EUCA) Responsiveness Summary, which 
includes the Errata Summary, and a hard copy and disk copy of the Action Memorandum for the cleanup of 
the harbor sediment and on-site soil and furnace ash. 

Submittal of these deliverables Will complete the SAlC May I, 1996 perfonance measurement milestone 
upon signature by Les P&e. 

Please feel free to contact me with any questions regarding these documents. 
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SCIENCE APPLICATIONS INTERNATIONAL CORPORATION 
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FINAL 
DOE/OR/21950-1014 

RESPONSIVENESS SUMMARY= 
VENTRON ENGINEERING EVALUATION/ 
COST ANALYSIS (EEKA) 

BEVERLY, MASSACHUSETTS 

APRIL 1996 

U.S. Department of Energy, Oak Ridge Operations Office, Formerly Utilized Sites Remedial Action program 

with technical assistance from 
Science Applications International Corporation ESC-FUSRAP 
under Contract No. DE-AC05-91 OR21 950 
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PREFACE 

‘I’he Department of Energy published the Ventron Engineering Evaluation/Cost Analysis 
@/CA) Public Draft in February 1996. A 30day public comment or, Public Draft period was 
held February 12, 1996 through March 13, 1996. Written responses to comments received 
during the public comment period are provided in this Responsiveness Summary. Revised 
replacement pages for the EElCA are included as an attachment (Errata Summary) to this 
Responsiveness Summary. The Public Draft of the EElCA with the attachment of revised 
replacement pages will be considered the Final EEKA. No further publications of the docmnent 
will be made. 
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Site 
Background, 
History 

l-3 
l-11 
General 

provide additional information on the manufacturing 
processes that occurred at the Ventron facility and 
the degradation process for the radioisotopes 
associated with the manufacturing. 

Site 242-5, 2-8, 
Characterization 2-9, General 

provide more information to delineate the extent of 
contamination. Review underground piping plans 
for the facility. provide more definitive discussion 
of the harbor sediment characterization, including 
location, spacing, and depth of sediment samples, 
and reevaluate the adequacy of the volumetric 
estimate for sediment removal. How were 
background levels determined, and what statistical 
approach was used? Reevaluate the use of 
composite samples (for mussels, for background, 
and for contaminant distribution). 

Were homes of former employees sampled during 
the 1991 residential housing evaluation? 

The Engineering Evaluation/Cost Analysis (EEKA) is 
designed to be a decision document for selecting a cost- 
effective, implementable, and technologically feasible method 
for a non-time critical removal action. The information 
requested is presented in the Ventron Characterization 
Report, available directly from the Department of Energy 
(DOE) or in the Administrative Record at the Beverly public 
Librarv. 

The information requested is presented in the Ventron 
Characterization Report, available directly from DOE or in 
the Administrative Record at the Beverly public Library. 
The EEKA provides summary information rather than a 
detailed characterization report. Evaluation of the 
underground piping system will be performed as part of the 
remedial design and remedial action. 

No. The residential housing surveys included houses on the 
bluff surrounding the Ventron site and directly across the 
street from the site. While former employee’s homes were 
not specifically surveyed, DOE does evaluate information on 
suspected locations of MED constituents to determine 
whether a survey is warranted. Any such information should 
be submitted directly to DOE. 
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Specific 
Contaminants 
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Provide additional information on polychlorinated The information requested is presented in the Ventron 
biphenyls (PCBs) (i.e., detection limit, and location Characterization Report, available directly from DOE or in 
and frequency of detection). Explain, “elevated the Administrative Record at the Beverly Public Library. 
levels of metals” in terms of the toxicity Morton is responsible for the remediation of the chemical 
characteristic leaching procedure (TCLP) constituents in accordance with Massachusetts General Law, 
exceedauces. Explain, “one sample failed the Chapter 21E. Chemical characterization data is presented by 
[Resource Conservation and Recovery Act] RCRA DOE in the Ventron Characterization Report and EE/CA for 
ignitability test. * completeness. 



Zleanup criteria Es-l, ES-2 
2-1, 2-12 
General 

Explain the development of “DOE Guidelines” and 
how they compare with site-specific background. 
The cleanup level should be background instead of 
50 picocuries per gram (pCi/g) and should consider 
other radionuclides (uranium-235 [U-235], 
americium-24 1 [Am-24 11, radium-226 [Ra-2261) 
and hazardous materials. 

Table 2-l should include a comparison to DOE 
guidelines and site-specific background. 

Section 2-l includes a description of how the cleanup 
guidelines were established for the Ventron site. A summary 
of the applicable cleanup guidelines is shown in Table 2-l. 
These guidelines represent the amount of uranium, radium, 
or thorium (and their decay products) ab’ove the natural 
background levels that can be safely left in place (Le., site- 
specific background concentrations are subtracted from the 
measured soil concentration, and the result is compared to the 
cleanup guideline). Generic limits have been established for 
allowable concentrations of radium and thorium in soil, 
whereas limits for uranium must be derived on a site-specific 
basis. The site-specific cleanup guideline derivation process 
includes consideration of the contributions from the major 
uranium isotopes (U-238, U-235, and U-234) expected to be 
present in uranium metal, as well as the decay products 
expected from uranium metal [such as protactinium-234 
(Pa-234), Pa-234m, and thorium-234 (Th-234)]. The site- 
specific cleanup guideline derivation process does not include 
consideration of non-radioactive hazardous materials or other 
radionuclides such as Am-241, which are not associated with 
Manhattan Engineer District/Atomic Energy Commission 
(MED/AEC) activities conducted at the Ventron site, and 
which DOE has no authority to remediate. 

Site-specific background concentrations used in the EE/CA 
dose assessment include 0.84 pCi/g for Ra-226, 0.84 pCi/g 
for ‘l’h-232, 0.89 pCi/g for U-238, and 0.59 pCi& for 
Th-230 (Table A-4). 

Background concentrations are shown in Table A-4. 

3 
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Compliance with 
National 
Contingency 
Plan 

2-6, 2-10, 6-l Explain how the 1995 removal action was in 
compliance with the National Contingency Plan 
(NCP). Justify how DOE’s proposed removal 
action satisfies the NCP, citing compliance with 40 
CFR 300. Preliminary options should be compared 
with the nine criteria of the NCP. 

A written response to public comments is required 
for final selection of the cleanup option. 

Tidal work was conducted as time critical to protect Morton 
workers during Morton's removal activities. The public was 
informed about the activity by a newspaper announcement 
and establishment of the Administrative Record. In addition, 
local regulators were contacted and apprised of the work. 

Remedial alternatives were evaluated with respect to 
effectiveness, implementability, and cost in accordance with 
EPA guidance for non-time critical removal actions under the 
Comprehensive Environmental Response, Compensation and 
Liability Act (CERCLA) (EPA/540-R-93/057). While these 
criteria are structured somewhat differently from the nine 
criteria described in the NCP, the considerations are 
functionally equivalent. The EE/CA is consistent with the 
EPA EEKA guidance dolcument and 40 CFR 300 
requirements. 

This Responsiveness Summary and the attachment of revised 
replacement pages (errata summary) are the written response 
to significant comments received during the public comment 
period and will precede release of the Action Memorandum. 

FUS103P/O423% 4 
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Consultation l-2, 1-3 
with Agencies 

1 

The National Oceanic and Atmospheric 
Administration (NOAA) should be consulted 
regarding possible impacts to trustee resources 
(e.g., anadromous fish). 

Please provide a copy of the consultation with the 
State Historic Preservation Office (SHPO) that was 
in progress at the time of publication of the EEKA 
Public Draft. 

5 

40 CFR 135(k) allows for consultation With either 
Department of the Interior or NOAA. Both agencies were 
consulted. The relevant consultation for marine resources 
was made with the National Marine Fisheries Service, a 
component of NOAA; the response letter from the Habitat 
and Protected Resources Division was included in 
Appendix E of the EEKA. 

A copy of the SHPO consultation letter has been included in 
the Administrative Record and the errata summary to be 
provided with this Responsiveness Summary. 

FUS103PB42396 



Risk Assessment l-l, 2-9, 4-l The risk assessment should include synergistic risks 
from both radionuclides and hazardous chemicals to 
human health and ecological receptors (marine life). 

Consumption of marine organisms should be 
included as a risk pathway. 

The dose assessment in the EJYCA is not intended as a 
comprehensive (or baseline) risk assessment, and thus it does 
not address chemical or potential synergistic (radiological and 
chemical) risks. The dose assessment presented in 
Appendix A of the EE/CA is used only to justify removal 
actions and to provide a basis for comparisons of removal 
alternatives. It is not used to establish cleanup guidelines. 
Cleanup guidelines are established on the basis of ARARs 
and a more comprehensive dose assessment as summarized in 
Section 2-l of the EE/CA. 

The dose assessment was developed using EPA guidance for 
streamlined risk evaluations as part of conducting non-time- 
critical removal actions under CERCLA (EPA/540-R-93- 
057). The intent of a streamlined risk evaluation is to 
provide justification for a removal action and to identify what 
current or potential exposures should be prevented. At the 
Ventron site, removal actions are sufficiently justified by 
addressing only the most important exposure pathways and 
contaminants of concern (i.e., direct gamma exposures from 
soil containing uranium, inhalation of dust containing 
uranium, and incidental ingestion of soil containing uranium). 

Consumption of marine organisms was not considered in the 
dose assessment since no uranium was detected in the mussel 
and lobster samples collected during characterization 
sampling. This pathway is not expected to contribute 
significantly to potential doses compared with the soil 
ingestion, inhalation, and direct gamma pathways. 

FUS103P/O423% 
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Editorial 
Comments 

ARARS 

1-5 
6-3 

l-3 

Provide a “North” arrow on the location map. 
Change the location of Beverly from U 150 miles“ to 
“20 miles” northeast of Boston; change “New 
Brunswick” to a Beverly. ” 

The name of the public library should be consistent 
with that on page 6-l. 

NOAA Trustee applicable or relevant and 
appropriate requirement (ARAR) was missing from 
the EE/CA. Incorporate information available in 
the “Superfund Removal Procedures: Guidance on 
the Consideration of ARARs During Removal 
Actions” (OSWER EPA/54O/P-91/011, September 
1991). 

An errata summary has been issued for the EEICA, with the 
following changes: 
Arrow added to map. 

Page 6-3 has been corrected for consistency with page l-l, 
which states that Beverly is approximately 24 km (15 mi) 
northeast of Boston. 

The name of the Public Library has been corrected for 
consistency with page 6-1, which includes an address and 
telephone number. 

The authors are aware of the document, and the EEKA 
ARARs are consistent with it. The NOAA Trustee ARAR 
was not missing; it is a CERCLA requirement and as such is 
not included in the ARARs, because CERCLA is not an 
ARAR for itself. However, the NOAA consultation response 
is included in Appendix E. 

FUS103PB42396 7 



Miscellaneous ES-2 

2-8 

Provide a discussion relative to the Masskhusetts 
General Law, Chapter 21E. 

Discuss the relative integrity of the seawall. Could 
contaminated soils in contact with tidal fluctuations 
be eroded from underneath the sea wall into the 
harbor? 

DOE is responsible for ckanup of radioactive CoIlStitUeIltS 
associated with former MEDl AEC operations. Requirements 
for cleanup of radioactivity are specified in DOE Order 
5400.5. Massachusetts General Law, Chapter 21E applies to 
the cleanup of chemical constituents. Cleanup of chemical 
constituents regulated under Massachusetts General Law, 
Chapter 21E is being conducted separately by Morton. 

The integrity of the seawall will be evaluated during the 
remedial design. Migration of contaminated soils under the 
seawall will be monitored during remedial action. Sampling 
will be performed following the remedial action to ensure all 
soils and harbor sediment exceeding DOE guidelines have 
been removed or evaluate whether alternative limits may be 
WCilTZUlWL 

Fus103P/cM23% 8 
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.Notice of Floodplain and Wetland Involvement for the Ventron 
Site, Essex County, Massachusetts 

AGENCY: Former Sites Restoration Division, Department of Energy 
(DOE) . 

ACTION: Notice of floodplain and wetland involvement. 
b 

SUMMARY: DOE proposes to remediate sediment and soil containing 
.elevated levels of uranium-238 from a floodplain and wetland, 
a floodplain and wetland buffer zone, and from the Massachusetts 
coastal zone in Essex County, Massachusetts. In accordance with 

~ 10 CFR 1022, DOE has prepared a floodplain and wetlands assessment 
and will perform this proposed action in a manner so as to avoid 
or minimize potential harm to or within the affected floodplain 

~ and wetland resources. 

DATES: Comments are due to the address below no later than April 
5, 1996. 

FOR FURTHER INFORMATION ON THIS PROPOSED ACTION OR TO COMMENT 
ON THE ACTION, CONTACT: Mr. Jim Kopotic, Ventron Site Manager, 
Former Sites Restoration Division, U.S. Department of Energy, 
P-0. Box 2001, Oak Ridge, TN 37831-8541, Phone: (423) 576-9441, 
FAX: (423) 576-0956. 

FOR FURTHER INFORMATION ON GENERAL DOE FLOODPLAIN/WETLANDS ENVIRONMENTAL 
REVIEW REQUIREMENTS, CONTACT: Carol Borgstrom, Director, Office 
of NEPA Oversight, EH-42, U.S. Department of Energy, 1000 Independence 
Avenue, SW., Washington, DC 20585, (202) 586-4600 or (800) 472- 
2756. 

SUPPLEMENTARY INFORMATION: Ventron is a privately-owned site 
that processed natural uranium oxide, salts, and metal between 
1942 and 1948 for the Manhattan Engineer District (MED) and 
later for the Atomic Energy Commission (AEC). No enriched or 
depleted uranium was used at the site. Prior to and subsequent 
to MED- and AEC-related activities at the site, other radioactive 
elements including thorium compounds and hazardous chemicals 
were processed at the Ventron site in work unrelated to MED, 
AEC, or DOE contracts. DOE has authority at the site for remediation 
of media containing elevated levels of natural uranium (uranium- 
238). DOE is remediating the 

---- page 11622 ---- 

Ventron site in accordance with the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA). The Ventron 
site is currently an inactive facility and is being cleaned 
up by the current owner, Morton International, in a separate 
but related action. 

Risks from exposure to radioactive materials at the Ventron 
site for future workers and residents at the site exceed DOE's 
public dose limit (100 mrem/yr), thereby meeting DOE's criteria 
for conducting removal actions to prevent potential future exposures 



c 

o nearby'humans under the no-action alternative. Although sediment 
.ti soil with,elevated levels of uranium-238 at the Ventron 
ite pose no immediate threats to human or ecological health, 
(he remediation of the site could proceed to prevent radiation 
xposure to workers involved in Morton's remedial activities. 

The implementation of the remedial action alternatives at 
:he Ventron site would involve activity in a floodplain and 
t tidal wetland, a floodplain and wetland buffer zone, and the 
Iassachusetts coastal zone. In accordance with DOE regulations 
ior compliance with floodplain and wetlands environmental review 
:equirements (10 CFR 10221, DOE will prepare a floodplain and 
retland assessment for this proposed DOE action. DOE will evaluate 
Femedial options affecting two media at the site: harbor sediment 
ind on-site soil and furnace ash. Remedial action for the affected 
larbor sediment may include: no action, or complete removal 
If sediment containing uranium levels above DOE guidelines. 
Zemedial action for on-site soil and furnace ash may include: 
10 action or, complete removal of soil and furnace ash containing 
lranium levels above DOE guidelines. Access to affected sediment 
2nd soil may require decontamination and demolition of structures 
in the floodplain and wetland buffer zone and Massachusetts 
:oastal zone. DOE would temporarily store excavated material 
)nsite before transport offsite to an approved, licensed waste 
lisposal facility. A floodplain and wetlands assessment that 
incorporates the values of the National Environmental Policy 
Act will be included in the engineering evaluation and cost 
analysis being prepared for the proposed project. Upon completion 
and approval of the assessment DOE will publish a floodplain 
Statement of Findings in the Federal Register that describes 
the proposed action and measures DOE would implement to prevent 
environmental damage to floodplain resources at the Ventron 
site. 

Issued in Oak Ridge, Tennessee on March 8, 1996. 

James L. Elmore, 
Alternate NEPA Compliance Officer. 

[FR Dot. 96-6838 Filed 3-20-96; 8:45 am] 
BILLING CODE 6450-01-P 

The Contents entry for this article reads as follows: 
c 

Floodplain and wetlands protection; environmental review determinations; 
availability, etc.: 

Ventron Site, MA, 11621 
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Floodplain Statement of Findings for Remedial Action at the 
Ventron Site and Adjacent Harbor Sediment in Essex County, Massachusetts 

1 AGENCY: Former Sites Restoration Division, Department of Energy 
(DOE). 

SUBJECT: Floodplain statement of findings. 
b 

SUMMARY: This is a Floodplain Statement of Findings prepared 
in accordance with 10 CFR Part 1022, Compliance with Floodplain/Wetlands 
Environmental Review Requirements. DOE proposes to remediate 
sediment and soil with elevated levels of uranium-238 from the 
loo-year floodplain of the Bass and Danvers Rivers and from 
the floodplain buffer zone adjacent to the loo-year floodplain 
at the Ventron site in Essex County, Massachusetts. DOE prepared 
a Floodplain and Wetlands Assessment describing the effects, 
alternatives, and measures designed to avoid or minimize potential 
harm to or within the affected floodplain. DOE would endeavor 
to allow I5 days of public review after publication of the Statement 
of Findings before implementation of the proposed action. . 

FOR FURTHER INFORMATION ON THIS PROPOSED ACTION OR TO COMMENT 
ON THE ACTION, CONTACT: Mr. Jim Kopotic, Ventron Site Manager, 
Former Sites Restoration Division, U.S. Department of Energy, 
P.O. Box 2001, Oak Ridge, 
,FAX: (423) 576-0956. 

TN 37831-8541, Phone: (423) 576-4991, 

FOR FURTHER INFORMATION ON GENERAL DOE FLOODPLAIN AND WETLANDS 
ENVIRONMENTAL REVIEW REQUIREMENTS, CONTACT: Caro1.M. Borgstrom, 
Director, Office of NEPA Oversight, 
Energy, 

EH-42, U.S. Department of 
1000 Independence Avenue SW., Washington, DC 20585, 

(202) 586-4600 ,or' (800) 412-2756. 

SUPPLEMENTARY INFORMATION: This is a Floodplain Statement of 
Findings prepared in accordance with 10 CFR Part 1022. A Notice 
of Floodplain and Wetland,'Involvement was published in the Federal 
Register (Vol. 61, pp. 11621-11622) on March 21, 1996, and a 
Floodplain and Wetlands Assessment was incorporated in the engineering 
evaluation and cost analysis prepared for the Ventron site. 
DOE proposes to remediate sediment and soil with elevated levels 
of uranium-238 that are located in the loo-year floodplain of 
the Bass and Danvers Rivers and'the lOO-yr floodplain buffer 
zone adjacent to the floodplain at the Ventron site in Essex 
County, Massachusetts. The entire Ventron, site is also within 
the Massachusetts coastal zone. The proposed action would be 
in a floodplain because levels of uranium-238 in some sediment 
and soil in the floodplain at the site exceed guidelines for 
residual radioactivity and future use without radiological restrictions 
of the site. DOE has structured potential cleanup options by 
affected media: harbor sediments and on-site soil and furnace 
ash. Alternative actions considered for harbor sediments are . . 
no action or, complete removal of harbor sediment with levels 
of uranium-238 over 50 pCi/g. Alternative actions considered 
for on-site soil and furnace ash also include no action or, 
complete removal of on-site soil and furnace ash with levels' 
of uranium-238 over 50 pCi/g. Access to sediment and soil may 



. a. . 
. 

require decontamination and demolition of structures at the j:b3177 
site. There is no practicable alternative to the proposed action. 
The proposed action would conform to applicable state and local 
floodplain protection standards. 

The following steps would be taken to minimize,potential 
harm to or within the affected floodplain: .f 

1. The design and performance of excavation a,ctivities would 
incorporate standard best management practices in accordance 
with U.S. Department of Agriculture Natural Resource Conservation 
Service (formerly,the Soil Conservation Service) methods, or 
the equivalent, to control erosion and siltation from excavations. 

2. Remediation operations would confine the areas of sediment 
and soil disturbance to the minimum necessary for successful' 
completion of the project. 

3. Care would be exercised to provide minimum practicable 
exposure of sediment and soil to erosion. 

4. ~11 erosion and sediment barriers would remain in place 
until the excavation is successfully stabilized by applicable 
measures. 

5. Disturbed sediment and soil in or adjacent to the floodplain, 
waterways, wetlands, coastal zone, and areas subject to tidal 
action and excavations would be stabilized or otherwise protected 
to prevent off-site migration, as conditions warrant, in accordance 
with Massachusetts soil erosion and sediment control standards 
or their equivalent. 

6. DOE would not dispose waste rubble, sediment, or soil 
in the floodway or within the tidal zone. Waste mulch not serving 
to control erosion or sediment would also not be disposed of 
in channels or on waterway banks. 

7. Remediation would not obstruct any streams or tidal areas 
and all streams and tidal zones would retain their original 
capacity-for storing floodwaters. The proposed action would 
not impede flow or increase flooding. .' 

8. All areas excavated in or adjacent to the floodplain, 
wetlands, the Massachusetts coastal zone, and areas subject 
to tidal action would be,,restored to grade by the current owner, 
Morton International, as ,required, and the proposed activities 
would not subject lives or:'property to any'increased risk of 
flooding.' 

9. DOE would not use areas within the floodplain for temporary 
or permanent storage of excavated sediment, soil, or demolition 
rubble; however, some areas within the floodplain and wetland 
buffer zone, and the Massachusetts coastal zone may be used 
for temporary storage of excavated materials with appropriate 
measures in place to properly contain excavated materials. 

10. The proposed action would conform to applicable state 
and local floodplain, wetland, and coastal:zone protection standards 
and would be consistent with Massachusetts' coastal zone management 
policies. 

11. The proposed action would not result in the destruction 
of any floodplain or wetland and would be consistent with the 
President's policy of "no net 10~s~~ of wetlands in the United 
States and Executive Orders 11988 and 11990. 

DOE will endeavor to allow 15 days of public review after 
publication of the Statement of Findings before implementation 
of the proposed action. 

1 ---- page 25657 ---- 
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' Issued in Oak Ridge, Tennessee on May 6, 1996. 

James L. Elmore, 
Alternate NEPA Compliance Officer. 

[FR DOC. 96-12825 Filed 5-21-96; 8:45 am] 
BILLING CODE 6450-01-P 

~ The Contents entry for this article reads as follows: 

Floodplain and wetlands protection; 
availability, etc.: 

environmental review determinations; 

Ventron Site, MA, 25656 
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Department of Energy ’ 
6 437 

Oak Ridge Operations Office 
P.O. Box 2001 

Oak Ridge, Tennessee 37831- 8723 

May 9, 1996 

James J. Fuerholzer 
President, Morton Adhesives and Chemical Specialties 
Morton International, Inc. 
100 North Riverside Plaza 
Chicago, Illinois 60606-1598 

Dear Mr. Fuerholzer: 

VENTRON SITE - MEMORANDUM OF AGREEMENT 

Enclosed is the final signed Memorandum of Agreement (MOA) supporting upcoming remediation activities 
at the Ventron Site. I appreciate you and your staff’s efforts in developing this mutually beneficial document 
which also supports the acceleration of the Department of Energy’s (DOE) planned remediation activities at 
the site. DOE is currently planning on mobilizing to the site by mid-June 1996, following Morton’s 
completion of the building demolition effort, with a planned completion in Fall 1996. 

On March 27,1996, a meeting was held at the site with state personnel to tour the site and discuss planned 
remediation activities. Representatives included Morton International, Massachusetts Departments of 
Environmental Protection and Radiation Control, and DOE. State personnel were in agreement with the 
planned remediation approach, but requested additional monitoring which DOE agreed to do. 

Again I appreciate Morton’s efforts in helping to develop the MOA, and I look forward to working with your 
staff toward the successfirl remediation of the site. It has been a pleasure working vvith Alicia Raddatz of 
your staff, and I will continue to coordinate all aspects of DOE’s remediation activities at the site with her. 
Because the MOA addresses joint DOE and Morton responsibilities, I want to stress the importauce of close 
coordination between Morton and DOE to ensure we keep State and Federal officials/agencies, public, and 
other stakeholders accurately informed of our activities and progress at the site. 

If you have any questions regarding the MOA or DOE’s remediation plans at the site I can be reach at 
(423) 576-9441. 

Former Sites Restoration Division 

Enclosure 

cc w/enclosure: 
A. S. Johnson, EM-421, CL 



MEMORANDUM OF AGREEMENT 

MORTON INTERNATIONAL, INC. (the “Owner”) owns certain real property 
located in Beverly, Massachusetts, identified as Parcel No. 1 shown on City of Beverly 
Property No. 1 and f?led in Deed Book 10091, page 339 in the records of Essex County, 
Massachusetts, and shown on the attached Exhibit 1 (the “Premises”). 

The Department of Energy (the “DOE”) is conducting remedial action at sites, 
m&uhng the Premises, used by contractors and/or subcontractors to the Manhattan 
Engineer District and the Atomic Energy Commission, as part of the Formerly Utilized 
Sites Remedial Action Program (“FUSRAP”). 

DOE has previously defined the extent of contamination of the Premises. The 
folhwing is an agreement reached between the parties of some of the actions to be 
undertaken by the parties in order that the remediation of the Premises can be 
accomplished: 

1. The Owner will demolish and remove at its expense Buildings B and C (as 
shown in Exhibit 1) and any equipment located therein and disconnect 
power service to the buildings and remove associated service lines and 
poles. These buildings are not contaminated with radioactive materials. 
However, the soils underneath Buildings B and C are contaminated, and the 
DOE will remediate radioactively contaminated soil. The Owner expects 
that the demolition and removal of Buildings B and C will be completed by 
the end of May 1996. DOE expects to initiate soil remediation activities 
within 4 weeks after Buildings B and C have been demolished and 
removed. 

2. As necessary, DOE will decontaminate radioactive interior portions of 
Buildings A, A-l, and J (former Alfa Laboratory, as shown in Exhibit 1) 
and any radioactive equipmentlocated therein. Upon completion of such 
decontamination the Owner will demolish and remove Buildings A, A-1, J 
and the equipment located therein. After Buildings A, A-l, and J have been 
demolished and removed, DOE will initiate remediation of radioactive soils 
beneath or surrounding Buildings A, A-l, and J. DOE will dispose of 
radioactive residues resulting from the decontamination of Buildings A, A- 
l, and J. 

3. Any buildings to be demolished by the Owner will be taken down to the 
basement floor slab, including any support structures. DOE will have 

1 
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4. 

5. 

6. 

responsibility for decontaminating (or otherwise remediating) the 
radiological component of building foundations and subsurface utilities and 
structures and for disposing of any such foundations and subsurface utilities 
and structures that remain radioactive above the clean-up criteria agreed to 
by DOE and the Commonwealth of Massachusetts Departments of 
Environmental Protection and Public Health, Radiation Control Program 
(hereinafter “clean-up criteria”). DOE will remove any building 
foundations and subsurface utilities or structures that it needs in order to get 
to radioactive contamination. If such removed foundations and subsurface 
utilities and structures are not radioactive contaminated above clean-up 
criteria their ultimate disposition will be the responsibility of the Owner. 

DOE will be responsible for the remediation, decontamination, and 
disposition of radiological contamination above clean-up criteria and any 
non-radiological contaminants that are mixed with such radiological 
contamination, whether located in or under Buildings A, A-l, B, C, or J, or 
elsewhere on the Premises. 

DOE’s responsibilities under this agreement will be limited to remediation, 
decontamination, and disposition of radiological contamination above 
clean-up criteria and any non-radiological contaminants that are mixed with 
such radiological contamination., and the owner will be responsible for the 
disposition of any materials remediated or decontaminated in accordance 
with the clean-up criteria. 

Upon completion of the work by DOE, the Owner will, where necessary, 
backfill, grade and seed the site. DOE expects to notify the Owner in 
writing, based on existing data, that the Premises meet applicable cleanup 
criteria, within 6 months of completion of the remediation work, 

--.-_i_ ~~~_~ ~_ ~_- ..~~~ ~~~ ~~ 
DOE expects to begin its remediation activities in May 1996 with a 
tentative remediation time of 6 to 8 months. DOE expects to provide a 
copy of the Post Remedial Action Report to the Owner with.in 18 months 
after completion of all remediation activities. 

8. The Owner has appointed Alicia Raddatz as the person on site to be 
contacted by the DOE for matters pertaining to the remediation work. The 
DOE has appointed Jim Kopotic as the person to be contact,ed by the 
Owner and its contractors for matters pertaining to the remediation work. 

2 
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9. 

10. 

11. 

12. 

Obligations of the DOE under this agreement are subject to the Anti- 
Deficiency Act, 3 1 USC Section 1341, as amended, and to the availability 
of funds appropriated by Congress which DOE may legally spend for such 
purposes and nothing in this agreement implies that Congress shall 
appropriate such funds. 

Access to the Premises and the work to be performed by the DOE and/or its 
contractors is governed by Real Estate License No. 7-95-0160, as amended, 
signed by the Owner on 3/20/96 . 

Each party reserves the right to renegotiate this Agreement in the event of 
significant changes in scope, cost, or discovery of unknown factors. If the 
Parties, in good faith, are unable to agree to revisions of this Agreement in 
order to address such events, either Party may terminate this Agreement, by 
providing 30 days prior written notice to the other Party. 

DOE’s responsibilities under this agreement shall terminate when DOE 
issues the Federal Register notice and certification docket for the Premises. 

The parties hereto have executed the Memorandum of Agreement this & of 

THE UNITED STATES OF AMERICA MORTON INTERNATIONAL, INC. 
By: DEPARTMENT OF ENERGY 

By: x P&-k 

Title: &ZZW- , & &3 
‘Rr/luksranl Dw 
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Department of Energy 

Oak Ridge Operations Office 
P.O. Box 2001 

Oak Ridge, Tennessee 37831- 8723 

Flay 9, 1996 

James J. Fuerholzer 
President, Morton Adhesives and Chemical Specialties 
Morton International, Inc. 
100 North Riverside Plaza 
Chicago, Illinois 60606-1598 

Dear Mr. Fuerholzer: 

VENTRON SITE - MEMORANDUM OF AGREEMENT 

Enclosed is the final signed Memorandum of Agreement (MOA) supporting upcoming remediation activities 
at the Ventron Site. I appreciate you and your staff’s efforts in developing this mutually beneficial document 
which also supports the acceleration of the Department of Energy’s (DOE) planned remediation activities at 
the site. DOE is currently planning on mobilizing to the siteby mid-June 1996, following Morton’s 
completion of the building demolition effort, with a planned completion in Fall 1996. 

On March 27,1996, a meeting was held at the site with state personnel to tour the site and discuss planned 
remediation activities. Representatives included Morton International, Massachusetts Departments of 
Environmental Protection and Radiation Control, and DOE. State personnel were in agreement with the 
planned remediation approach, but requested additional monitoring which DOE agreed to do. 

Again, I appreciate Morton’s efforts in helping to develop the MOA, and I look forward to working with your 
staff toward the successful remediation of the site. It has been a pleasure working +th Alicia Kaddatz of 
your staff, and I will continue to coordinate all aspects of DOE’s remediation activities at the site with her. 
Because the MOA addresses joint DOE and Morton responsibilities, I want to stress the importance of close 
coordination between Morton and DOE to ensure we keep State and Federal officials/agencies, public, and 
other stakeholders accurately i&ormed of our activities and progress at the site. 

If you have any questions regarding the MOA or DOE’s remediation plans at the site I can be reach at 
(423)576-944 1. 

Former. Sites Restoration Division 

Enclosure 

cc w/enclosure: 
A. S. Johnson, EM-421, CL 

EW-93:Jim Kopotic:6-9941:MDyke:6-4452:5/g/96 
N:/JDK/Fuerholzer.llOA ---.-.-. 

ImnwQ 

EW-93 . . . . . . . . . . . . . . . . 

$&.g&.:... 

jeay w+ . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . 

,............... 
MTE 

/.............. 
WE 

. . . . . . . . . . . . . . . . 
DATE 
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Department of Energy 

Oak Ridge Operations 
P.O.Box 2001 

Oak Ridge,Tennessee 37831- 

August 24, 1995 

James J. Fuerholzer 
Executive Vice President 
Morton International, Inc. 
100 North Riverside Plaza 
Chicago, Illinois 60606 

Dear Mr. Fuerholzer: 

REAL ESTATE LICENSE REORDOER-7-95-0160, METAL HYDRIDES, INC. (VENTRON CORP.), 
BEVERLY, MA 

Enclosed for your records is a copy of the fully executed license between 
Morton International, Inc. and the Department of Energy. Thank you for your 
cooperation in this matter. If you have any questions concerning the real 
estate instrument, please feel free to contact me at 615-576-0977 or Cindy 
Hunter at 615-576-4431. 

Sincerely, 

Katy Kates 
Realty Officer 

Enclosure 
As stated 

Lee: Sally Haywood, Bechtel FUSRAP 



REAL ESTATE LICENSE NO. 
REORDOER-7- “;?s’-~&o 

DEPARTMENT OF ENERGY 

LICENSE 

PROJECT: METAL HYDRIDES,. INC. (VENTRON CORP.), BEVERLY, MA 
PURPOSE: SAMPLING, REMEDIAL ACTION 

THIS LICENSE, between Morton, International, Inc. 
, known as the "Grantor" and the U.S. 

Department of Energy, known as the "Grantee", is subject to the following 
terms and conditions. 

1. Riqhts Granted - The Grantor grants to the Grantee, its agents, employees, 
or representatives permission to use the premises or facilities, together with 
ingress and egress, for the purpose of oerforminq radioloqical survevs throuqh 
samolinq and removinq contaminated material, if any . 

at the location shown depicted on Exhibit(s) II II A attached to 
this instrument and more specifically identified in whole or in part as Parcel 
No.(s) 1 shown on City of Beverly Property Map No..l, and filed in Deed 
Book 10091 
Massachusett;. 

Page 339 in the records of Essex County, 

2. Term/Termination Riqhts - This License is effective upon the date of 
execution by the Grantee of this instrument and shall continue in effect for a 
period of/thru five 15) years unless terminated by either of 
the parties on not less than thirty (30) days prior written notice given to 
the other; provided, however, that the Grantor may not terminate this License 
without the Grantee's approval. 

3. Consideration - Upon execut 
shall initiate action to pay 

($ 
rights granted within this License. 

se by the Grantee, the Grantee 
sum of $ 
1 and complete payment for the 

4. Authoritv to License - The Grantor represents and warrants that it is the 
owner of the property and has full right, power, and authority to enter into 
this license and grant the rights set out in this License. 

5. Grantor Responsibilitv - The Grantor responsibility is set out within the 
terms and conditions of the rights granted under this License. The Grantor 
makes no representation as to the suitability or fitness of the premises for 
the intended purpose. 

DOE-RE FORM 20-GN (11-11-94) 
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-2- REAL ESTATE LICENSE NO. 
REORDOER-7- q$--ot/Sd 

6. Grantee Resnonsibilitv - The Grantee, its agents, employees, or 
representatives will be responsible for property damage or injury to persons 
caused by the sole and direct negligence of their respective employees in 
performing on the Grantor's premises the activities and restoration which are 
the subject of this License. Grantee shall obtain all necessary permits, 
licenses, and approvals in connection with the activities.to be conducted by 
the Grantee on the premises. During the performance of the activities 
specified in this License, the Grantee shall not unreasonably interfere with 
the use and enjoyment of the premises by the Grantor. 

7. Access - During the term of this License, the Grantee, its agents, 
employees, or representatives shall have the right of access to and egress 
from the premises as needed and shall have the right to bring necessary 
equipment upon the premises in connection with the performance of the 
Grantee's activities as set out in Condition 1. 

8. Title to Equipment, Fixtures - Title to all equipment, fixtures, 
appurtenances, and other improvements furnished and'installed in connection 
with the Grantee's activities, under this License shall remain with the 
Grantee. 

9. Restoration - Upon termination of this License, the Grantee shall remove 
all its equipment, fixtures, appurtenances, and other improvements furnished 
and installed on the premises in connection with the Grantee's activities 
under this License. The Grantee shall restore the premises, when such 
restoration is required in connection with the Grantee's activities, to the 
extent reasonably practical, to the condition existing at the time of 
initiation of the Grantee's activities. With the consent of the Grantor, the 
Grantee may abandon Grantee-owned equipment, fixtures, appurtenances, and 
other improvements in place in lieu of restoration when it is in the best 
interests of the Grantee. 

10. Successors in Interest - This License and the parties' commitments 
within, shall be binding on both parties, their successors, and assigns. 

11. Funding - Obligations of the Grantee under this License shall be subject 
to the availability of funds appropriated by the Congress which the Grantee 
may legally spend for such purposes and nothing in this License implies that 
Congress will appropriate funds to perform this License. 

DOE-RE FORM 20-GN (11-11-94) 
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12. Notices - All notices regarding the specific terms and conditions of this 
License, and within the restrictions of this License, shall be in writinq and 
shall be deemed effectively given upon personal delivery, upon ve r 
facsimile receipt, or upon mailing by registered or certified mai 1 
prepaid, and addressed to the parties at the following respective 
or to such other persons or at such other addresses as may be des iI 
writing by either party to the other. 

ified " 
postage 

Addresses, 
gnated in 

If to the Grantee: If to the Grantor: 

Katy Kates James J. Fuerholzer 
Realty Officer 

. 

P 
.~SHH&W Vice-Preside 

Department of Energy Morton International, nc. 
P.O. Box 2001 
Oak Ridge, Tennessee 37831 

v 196 6 "ly& 
c.c#+ 

c!hx+y.7, XL 6&& 
13. Entire Agreement - This License represents the entire understanding of 
the parties on this matter and no oral statements or collateral documents 
(except as noted within) may modify this License. 

14. Amendment - This License may not be amended or superseded except by an 
agreement in writing executed by the Grantor and Grantee. 

That prior to execution of this License certain Conditions were deleted, 
revised, and/or added (with the additions being as set out below or as 
designated as Page(s) N/A and being made a part of this License) in 
the following manner: 

Condition No. 3 is deleted in its entirety. 

DOE-RE FORM 20-GN (ll-ll-,94) 
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-4- REAL ESTATE LICENSE NO. 
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The above terms and conditions are Acknowledged and agreed upon as indicated 
.by the signatures affixed below: 

GRANTEE: U.S. Deoartment of Enerqv 

By: 

Title: Realtv Officer 

Date: Date: 

DOE-RE FORM 20-GN (11-11-94) 
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Bechtel 
Oak Ridge Corporate Center 
151 Lafayette Drive 
P.O. Box 350 
Oak Ridge, Tennessee 37831-0350 

Telephone: (423) 220-2OOO 

DOE Contract No. DE-ACO5-91OR21949 
Code: 26OO/‘WBS: 127 

Job No. 14501 FUSIUP Project 

April 15,1996 

James J. Fuerholzer 
Executive Vice President 
Morton International, Inc. 
100 North Riverside Plaza 
Chicago, Illinois 60606 

‘Dear Mr. Fuerholzer: 

Supplemental Agreement to Real Estate License - REORDOER-7-95-0160 

Enclosed for your records is the fully executed supplemental agreement between Morton International, Inc. and the 
Department of Energy. If you have any questions concerning the supplemental agreement, please call me at (423) 
576-5914 or Cindy Hunter, DOE Realty Officer, at (423) 576-443 1. 

Sincerely, 

Enclosure 
Supplemental Agreement 

Doug Shook 
FUSRAP Real Estate Specialist 

P d Bechfel National, inc. 
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SUPPLEMENTAL AGREEMENT OF INGRANT 

SUPPLEMENTAL AGREEMENT NO. 1 EFFECTIVE DATE 8-24-95 

TYPE OF GRANT LICENSE GRANT NUMBER REORDOER-7-95-0160 

GRANTOR MORTON INTERNATIONAL, INC. GRANTEE U.S. DEPARTMENT OF ENERGY 

PROJECT FUSRAP - VENTRON, BEVERLY, MA PURPOSE SAMPLING, REMEDIAL ACTION 

The above numbered grant is modified in the following respects: 

In Condition No. 1 delete the words: "performing radiological surveys through 
sampling and. removing contaminated material, if any" and substitute in lieu 
thereof: "performing the activities set forth in the Memorandum of Agreement, 
attached hereto as Exhibit "B", and incorporated by reference herein." 

In Condition No. 9 delete the second sentence: "The Grantee shall restore the 
premises, when such restoration is required in connection with the Grantee's 
activities, to the extentreasonably practical, to the condition existing at 
the time of initiation of the Grantee's activities.", 

Except as provided herein, all terms and conditions of the document referred 
to above remain unchanged and in full force and effect. 

The above terms and conditions are acknowledged and agreed upon as indicated 
by the signatures affixed below: 

GRANTOR: Morton International, Inc. GRANTEE: U.S. DeDartment of Enerqv - 

&Estate Office 

Title: Vice President Title: Realty Officer 
I 

Date. jk&.-L/dL z,‘o , Iqqb Date* . . J I 

DOE-RE FORM 70-GN (10-31-94) 
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WORK lNmucTloN (wl) PUSW - JOB NO. 14SQl wr-96-lag'm. 9 
SHEET_tof2 

Wl TITLE: ~meatation for the VenotgIl Site 

HXl’Em COMFXlXION DATE: septcmber 30.1996 

SITENAME VaJtrsm \. SlTEWBS NO. 127 

ORlGlNATlNff DEPARTMENT: &&me&g and Teclmolonv 

lMPLEMENTING DEPmTMENT: &&eerinn and Tecbnolonv / Melissa Kucera 

WORK DESClUPTION AND INSTBUCIIONS: 

LO SCOPE 

The work involve6 the implementation of the FUSRAP PRASP (attached) for the Veutron Site with additional site 8pgCifc 

information as outlined in this WI. 

1.0 FPE/TRAINING 

rZle safety and health of the field personnel will be addressed by the FUSRAP project Safety and Health procedures mual and 

lli work will be perfomed within the requirements of the Ventron site specific Safety and Health Plan. All personnel must have 

XX-IA 4Q-hour hazardous worker training and a current medial exam approved by POMS. A Hazardous Work permit @up) 

Kill be ccm@ed liti,: the PP5 requirements for the work and listing any hazards associated wit.b the work. Work= will & 

)riefed on Hwp contents prior to starting work. 

SUPERSEDES : ATTACHED : Q-t 4 QAA NEED EVALUATION 

:ONCURFUZNCE/OPTIONAL -- PE OR DEPT HCXL TO DETERHINE 

)EPARTMEZ?T/NAME 

)EPARTME&T/NAt& ’ 

u.3. OtiGINATOR ’ / 

)El?ARTMENT/NAME 
APPROVED BY: 

NOTE : A DOCUMENT ISSUE MEMORANDUM IS 
REQUIRED, TO IMPLEMEXT THIS WI. 

X&E-OUT (IMPLPZENTING DEPT. ) 

PHE TASK HAS BEEN COMPLETED PER THIS WORK INSTRUCTION. 

CMPLEMENTOR (NAME/POSITION) : DATE : 

?E OR DEPT MGR. : DATE : 
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WORK INSTRUCI-ION (WI) FUSPAP - JOB NO. 14501 WI% -ia REV. 9 
SHEET _L of 1 

WI TITLE: FUSBAP PBASP Imnlementation for tbe Ventron Site 

EXPECTED COMPLETION DATE: Sentember 30.1996 

SITE NAME(S) Ventron SITE WBS NO. 127 

ORIGINATING DEPARTMENT: Ennineerine and Tecbnoloev 

IMPLEMENTING DEPARTMENT: Eneineerine: and Tecbnolonv / Melissa Kucera 

WORK DESCRIPTION AND INSTRUCTIONS: 

1.0 SCOPE 

The work involves the implementation of tbe FUSBAP PBASP (attached) for the Ventron Site with additional site specific 

information as outlined in this WI. 

2.0 PPJU9XAINING 

Tbe safety and health of the field personnel will be addressed by tbe FUSRAP project Safety and Health procedures manual and 

all work will be performed within tbe requirements of the Ventron site specific Safety and Health Plan. All personnel must have 

OSHA 40-hour hazardous worker training and a current medical exam approved by POMS. A Hazardous Work Permit (HWP) 

will be completed listing the PPE requirements for the work and listing any hazards associated with the work. Workers will be 

briefed on HWP contents prior to starting work. 

SUPERSEDES: ATTACHED: -Q-t J QAA NEED EVALUATION 

CONCURRENCE/OPTIONAL - PE OR DEFT KS. TO DETERHINE 

DEPARTMENT/NAME t :t/ -;i OFiIGINATOR ' 

5di+/fh&g /d JP 

/ 

II% 
DEPARTMEhT/NAhfE 

9 
/ 

DEPARTMENT/NAME 

NOTE: - A DOCUMENT ISSUE MEMORANDUM Is 
REQUIRED TO IMPLEMENT THIS WI. 

CLOSE-OUT (IMPLEMENTING DEPT.) 

THE TASK HAS BEEN COMPLETED PER THIS WORK INSTRUCTION. 

IMPLEMENTOR (NAME/POSITION): DATE: 
PE OR DEPT MGR.: DATE: 



WORK INSTRUCl-ION (WI; FUSRAP -JOB NO. 14.501 

! l+UR 

wI36-iag REv. 9 -- 
SHEET -2- of 2 

3.0 Site Specific Criteria 

The site specific guideline for total uranium is 100 pCi/g. Post remedial action sampling will only be p&ormed in areas where 
excavation has Occurred. 

4.0 Site Specific Sampling Pmcedum 

4.1 Sampling at the Base of the Seawall 

Due to excavation restrictions imposed during removal of soil near the seawall to prevent a major wall failure the areas to be 
verified will be smaller than the normal 100 m2. Normal verification sampling calls for 25 evenly-spaced samples per 100 m2 to be 
composited into one sample. 
to the reduction in area. 

For areas less than 100 m’, the number of samples for each composite will be reduced proportionally 
During the verification sampling that occurs within 10 feet of the seawall, the composite sample shall be 

generated at the proportionally reduced ratio equivalent to 25 samples per 100 m2 or a minimum of 4 samples per area cornposited 
into one sample, whichever is greater. For example, if the area to be sampled is only 4 m’ only one sample would be required to 
be collected according to the ratio ?f 25 samples per 100 m’. 
verificatior sample rather than only 1 sample. 

In this instance, a minimum of 4 samples shall be compositi for the 

All sampling within 10 feet of the seawall shall be performed remotely utilizing orchard augers with extension handles. Field 
survey equipment shall be equipped with cables sufficient in length to allow surveying of the excavated areas without personnel 
having to enter the area. 

4.2 Seawall Surface Measurements 

In the instance where surface contamination is found on the landside face of the seawall, direct and transf,, ble survey 
measurements shall be taken to assist in the development of a hazard assessment. Instruments used for these surveys will also have 
to be quipped with cables sufficient in length to allow surveying of the areas without personnel entering the area. The number of 
measurements will depend on the contaminated surface ar8 and shall be directed by the onsite ET representative or the home 
office. 

4.3 Sampling of Soil submerged in water 

In areas where the remediated areas are submerged in water, sampling and field scanning will be performed on the soil in the bucket 
as it is excavated. This scenario is only expected to occur in two very small locations at the site. 

5.0 Miscellaneous Information 

All sampling equipment shall be decontaminated according to Instruction Guide 191-IG-011, Rev. 5. 
packaged and shipped in accordance with PI R4.7. 

All samples shall be 

A list of D numbers from the data generated will be attached to the closed WI. 

. i_ r ..I L.- ‘% %;i ,: “_ -_ ‘ _.._.. - ;- ~.,v~.>.4.~+=z-*~-p.*= :-., -_ ,p_~ I ._ ,. .._ .i~c.r ~j ,.- ~“i_ 
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FUSX.AP POST-REhlEDLli. ACTIOS S~-Rl-EI’ PiA?i l&E -yt:-r’Jy 

PI;RPOSE 

The purpose of this plan is to describe the methodologies that Bechtel, functioning as the 
project management contractor (PMC) for the Department of Energy’s (DOE’s) FormerI> 
Utilized Sites Remedial Action Progam (FUSRAP), will use for radiological surveys. 
sampling, and analysis to document the final condition of remediated properties as free of 
radioactive contamination above the release standards in DOE Order 5400.5 (reference 1). 
Where radioactive contaminants are commingled with chemical contaminants, and where 
chemical contaminants are the result of former DOE activities, the remediation will include 
remediation of the chemical contaminants. Criteria for chemical contaminant remediation. 
when appropriate, will be negotiated with the DOE, EPA, and appropriate state agencies on 
a site specific basis following the DOE gidelines for chemically contaminated sites 
(reference 2). 

sothing herein is intended to compromise the Independent Verification Contractor‘s (IVCj 
independence; the purpose I- ‘c to document the methodology the PMC will employ to direct its 
radiological support subcontra ctor (RSS) to conduct post-remedial action (post-R\) suneying 
and sampling activities. how these survey and sampling activities will be documented (and 
:;k information provided to the IVC). and how post-R\ and verification surveys will be 
coordinated with the I\‘C (Oak Ridge Xational L2b or the Oak Ridge Instirure of Science and 
Educarionj. This plan follows the DOE protocol . for verification and certification of sites 
under FCSRAP (reference 3). 

R.ESIDU.\L COYf.QIIS.\TIOX GU!DEii\;ES 
I 

Soil Guideline 

.l in soils from DOE Order 5400.5. Gsneric guidelines for residuai radioactive mareria 
chapter IV for Ra”“, Razz”, n’jo, and Th”? are: 

Soil Concentration Above Backoround” _. ._ 

t 
i 

5 pCi/g v,lhen averaged over the first 1%cm-thick layer of soil.b 

1 j pCi/g averaged over 15-cm-thick layers of soil more than 15 cm below the 
surface. 

a These guldelmes rake mro ac:oun: mprowm of ndtum--- 7’6 from rhonum-2jO and of r;ldium-228 from thorium-232. and assume 

secular equdibnum. If euher rhonum--- ‘10 and radium-21-6 or rhonum-2Z2 and radium-228 are both present, not m secular 

equtllbnum, the gulde!mcs apply to tic higher concennnon. If other ~%Nrcs of ndionuclides occur. the sum of the rdhos of 

the solI concentration of cacb radlonucllde IO the allowable ltrmt for rhal radionuchde shall nor cxcecd one. 

* nls 1s tit Ilml: for anr i$cm-hlck layer of so11 located on rrsldcnual properties m Waywood. New Jersey (rtfercncc 41. - 
I 

t 

,. .i _L.. ._ .., ., :-. I “. ;+~,;~.=i~-L?r:.e :;?+=~+~ I 
:, .~ _. . .._ ‘ 



Gukiellnes fa other radionuclrdes present are de ;ve d from the basic dose limit by means of 
environmenta! pathway analysis (e.g.. RESR4D modellmgj using bite specific properry data 
and exposure scenarios. Final soil criteria are negoriared with the appropriare re,olllator-y 
agencies. For mixtures of individual radionuclides in soil, the suin of the ratios of the 
individual soil concentrations to,the allowable Iu-nir shali not exceed one. 

Surface Contamination Guidelines 

The residual contamination gidelines for fixed and removable radioactive contamination 
(dpm/100 cm:) from IO CFR 835, Appendix D are as follow: 

c 

Radionuu Average Maximum Removable ! 
5 

I;-nat uz35 

U”‘, and associated 
decay product alpha 
emitters 

5,000 15,000 1,000 

I 

Tnenar, Th’-1:. I:“. 

I!?!! I!33: -c;ZjZ, 

Ra’:‘. Razz’, and Sr% 

1.000 3.000 200 

Ra”“, Ra”8, Th’?@. 
T’n”?. I::‘, 129. pa”:, 

.\c”-. and transuranics 

500 1,500 20 

Beta-gamma emitXiS 
(except as noted above) 

5,000 15.000 1,000 

Radon 

When the residual radioactivity contributing to a radon concentration above criteria at a site 
is of DOE origin, remedial action and verification of compliance with the radon and radon 
decay product (working level) criteria is required as part of the post-R\ process. The 
applicable criteria are as follows: 

Radon”’ 3.0 pCi/L 

Radonzzo 3.0 pCi/L 

Radon Decay Products 0.03 Working Levels (WL) 

3 
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\Vhen both :soropes of radon are present. the su- 1 of the rat:os of the individual 

concentrations to the a!louab!e limit must be less than one 

\xihen there is reasonable assurance that the residual radioactivit)’ requiring remediation ai a 
site is eirhe 

0 

0 

not a potential source of radon (i.e., no radium present above background 

concentrations) or; 

is not of DOE origin, then 

remec!iaI action and compliance with the radon concentration and radon decay product criteria 
is not required. 

External Gamma Exposure Rates 

The average external gamma exposure rate inside a buildin= 0 or habitable structure on a site 

to be released without radiolo$cal restrictions shall not exceed background by more than 
20 $Uh.r and shall comply with the basic dose limi .t (100 rnrem/yr) when an “appropriate- 

use” scenario is considered. This requiremen: is not applicab!e to structures scheduled for 

demolition or to buried foundations. 

External gamma exposure rates on open lands shall also comply with the basic ,dose Itmi: 
(100 mrem ‘yr. excluding radon) and the AL-AR\ process. considering appropriate-use 
scenarios for the area. 

POST-RE>lEDI.4TIO~ SUR\‘EYS ASD SQIPLIYG 

Post-K\ survey and samplin, u activities focus on confirming that soil and strucrures that 

remain after remedia! action do not contain residual radioactive contamination at 

concentrations exceeding applicable a ouidelines. Foilowing remediacion, the RSS performs 

post-remedial action surveys ‘and samplm, ’ ” to determine the completeness of the remedial 

action and to document that the site complies with the applicable criteria. 

Survey Equipment 

The equipment used by FIJSRAP for delineation of the contaminant boundaries 
(determination of “hot spots”) durin, 0 remediation and post-RX surveys of soils includes, but 

is not limited to: 

0 Field Instrument for Detection of LOW Energy Radiation (FIDLER) 
(calibration source: Am-231) 

:;.L->.+q-yr, ~.. 1 . y+x..-.., ,li ~,:~~--,~‘,.fi~:~ _- ., 1 
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0 Gamma Scintillation Detector (Eberline SF.\-3 or equivalenr~, or low range!high 
range HP-270 or equivalent (calibration source: C!- 13’71 

e Reuter-Stokes,Pressurized Ion Chamber <PIG) (caiibrared by manufacrurer) or Ludlum 
“PR Meter”. 

0 Canberra* In-situ Gamma Spectrometer (calibration source: mixture of uranium and 
thorium utilizing EML standards) 

0 Canberra@ 96-6697 Procount Gamma Spectroscopy system (calibration source: 
mixrure of uranium and thorium urilizing EML standards) 

The equipment used by FUSRAP for Post-R4 surveys of structures includes, but is not 
limited to: 

l Alpha Scintillation detector (Eberline AC-3 or equivalent) 
(calibration source: Th-23Oj 

0 Bera!Gamma Pancake GM detector (7 mg/cm’ mylar shielded, Eberline HP-210 or 
equivalent) (calibration sources: Sr-90, Y-90) 

0 Alpha Scintillation Counter (Eberline S.AC-4 or equiva!enr) (calibration source: Th- 
230) 

The same rl’pe ca!ibrarion sourLb., -p< (i.e.; same radionuclide) and methods for instnm,<nt 
calibration :viil be used uhenever possible by the P>IC and the It‘C to ensure compatibilit>. 
and reproducibility of survey results. 

Background Measurements 

Prior to performing post-remedial action surveys, the RSS will obtain site-specific 
background measurements and samples from three remote background locations in the 
general vicinirv (0.5 to 3 miles) of the site being remediated according to Therm0 NJtech 
(TX) procedure 3C.2 (reference 5G). The location for background measurements will be 
selected by the PMC and the RSS to be representative of site conditions yet unaffected by 
operations at the site. Background measurements and samples will be taken at each location 
by the RSS and the IVC. 

If similar materials (concrete, monar, brick, asphalt. etc.) cannot be found within 0.5 to 3 
miles of the site, then samples of materials taken from uncontaminated portions of the facility 
may be used for determining background. 

3 
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Struciura! Suvevj 

After completion of surface decontaminarlon of structures. the RSS shall conduct post-FL\ 
surveys to verify satisfactoc decontarninatlcn of rhe area. A survey grid shall be established 
at the site. conforming to the specifications in T3 procedure 3A.1 (reference 5Bj azd rhe 
“Instruction Guide for Post-Remediation Radiological Survey of Structures” (191-IG-03 1, 
reference 6). Surveys shall be conducted in each 1 m by I m (1 m’) grid. The !t’C will use 
the same coordinate grid to locate direct and transferable measurement locatiors. 

Interior external gamma radiation exposure rates should be taken at a frequency of one per 
100 m’ of floor area, or one per room, whichever yields a greater frequency. 

Excavation Sumevs _ 

After completion of excavation of conlaminared soils. the RSS shall conduct post-R4 surveys 
to verify satisfactory decontaminaticn of the area. A survey grid shall be established at the 
site, conforming to the specificarions in T?; procedure 3B. 1 (reference 5Fj and the 
“Instruction Guide for Post-Remediation Survey of Soil” (191-IG-032. reference 7). and 

F 

surveys shall be conducted in each square of a SL,,~ 1maPsted 10 m by 10 m grid (100 m-j When 
! 

deviating from the 10 m b): 10 m grid (d,Je 10 small irregularities in the area of 
czntaminarionj. the [otal area of each grid shall not exceed 100 ml. The WC wi!l use the 
same coordinate> L grid to locate post-R\ survey m=asuremen& and sample locations. 

After all \*isib!e loose dirt has been remoLted. smdcmrcs (foundations. cuIverrs, etc.) in the . . 
formerly contaminared areas ivili be sur;‘e)‘ed (~7. - release in accordance with TX ~ ?cedu;e 
3C. 1 (reference S.\j. 

T>e RSS uill obtain a sufficient number of external gamma radiation exposure rate 
measuremems at a heigh: of 1 m in the center of the 10 m by 10 m grid using merhods i:! 
accordance with TS procedure 3B.3 (reference 5Fj to adequately deteznine the average 
external gamma exposure rate within the remediated area. 

Soil SamDlino 

The RSS shall also collecr post-R\ soil samples to verify satisfactory remediation of the 
area. Samples shall be collected from an approxi?lately 100 m’ grid (suggested 10 m by 10 
m) as directed in 191-IG-032, and T?; procedure 4h. 1 (references 7 and 5H). 

Point Sources (“Lot Spots”) will be evaluated by using the averaging criteria contained in ‘I.4 
Manual for Implementing Residual Radioactive Material Guidelines” (reference 8) and DOE 
Order 5400.5. Chapter IV, Section 4. Where appropriate, a “hybrid grid” (made up of 
portions of one or more site grids) will be implemented CO bound, by sampling or instrument 
readings. and assign rhe area (in square merersj to each “hot spot” in question to determine 
compliance. 

5 [OL’Z 95; 
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COmFc’site sarr,;;lies XIII be COl!~.IlCd fr@lll 23Ch ~mcd~ated 5r1J by takin_e ind:;,idua: samples 
ra: a fxquzncy of 25 per 100 m’) from each sample grid anti compositin~ these individual 
sampies mtc7 ~7ntl ssmple for that grid -rhe I!‘C may collect S;llitS of the composite 
concurrenrl~ 

Samples from 2ach grid square shall be collected using propsrly decontaminated sampling 
equipment (reference 9). 

On-site analytical techniques (gamma and alpha spectroscopy) will be used (where/when 
availablej to analyze all composite soil samples on site. Ten percent (10 70) of the samples 
shall also be shipped to the TN laboratoq in Oak Ridge, TN to be analyzed using gamma 
SpeL:rOScop)’ (Gamma Lrst 1). Preliminary lab results should be available within 3 days of 
receipt of the sample by the lab. 

Hazard .4ssessmsn: 

In accordance with DOE Order 5300.5, supplzmental limits may be recommended in areas 
where the dog to members of the public, as ~211 as environmental harm, is iow 
and the cost of remediation is relatively high. If supplemental limits are recommended. a 
hazard assessment w.ould be developed to 2~1 “mare doses from current and future use 
scenarios. Sufficiznr sampling. as determined by the PMC and the IVC. would be performed 

ccncentration boundaries and average concentrations in or&: in Oiii2; to dcline ;!?n:aminani 
to aid in the deveiopment of th2 supplementa! standards. 

Saferi, and Henlrh 

Safety and h2a1th risks associated with tasks described herein are identiiizd and address& b>, 
th2 genzric ant site snecific Health and Safer\: Plans and she FUSRAP Project Health and 
Safety Manual (refere’nce 10) 2nL Lo e -i -h FUSRAP Radiation Safety Llanuai (reference 11). 
Where applicable. all work wi!i be performsd under a Hazardous WVork Permit and an 
Activity Safety Envelope spec% ‘-p to the survey activities. 

Oualitv .4ssurance/Qualin Control 

QA/QC field duplicate samples and measurements shall be collected at a frequency of one 
additional sample/measurement for each 20 collected. 

Rinse blanks from decontaminated samplin, 0 equipment will not be required for 
decontaminated post-R4 survey and samplin, 0 equipment unless post-decon smears indicate 
surface contamination in excess of twice background. When chemical post-R4 sampling is 
required, rinse blanks shall be collected at the rate of one rinse blank per day of sampling. 
Rinse blanks shall be collected according to the recommendations in 191-IG-OX (reference 
12). 

6 pa’:‘!96; 
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D313 Qualrc~ 0blrc:iL.e: 

Quality indicator goals shal! be as follows: Precision. 1 2 sigma: completeness. i!jr_l%: 
Accuracy range. 75 to 125%. Q.4 QC samples are dk:ussed in the previous section. 

P&1C/IVC COGRDI?;ATIO?; 

Bechrel, functioning as the PMC, is the contractor responsible for completing the remedial 
action. To define the areas for rernediation, Bechtei uses data collecred during designation 
as well as supplemental information obtained by Bech[el as part of pre-h :L planning and 
scoping activities (characterization, waste classification, and boundary delineation sampling 
acr’; L. Lies). 

Upon completion of remediation, the RSS will perform post-R4 surveys, and the IVC will 
commence verification of the remediared property. The results of this survey sha!l be used 10 
determine whether here are areas requiring additional remediation. This survey is expec:ec! 
to include all areas previously iden.,, riFled as being conraminated on the designated properties. 
The Zechrel Site Superintendent will notify the IVC when remediation of an area is complete. 
and the IVC wi!l perform independz.. n; verification surveys of the area. .Bechrel will assist 
[he IVC in this survey by interfacing wi[h the propeT owner in advance to secure approvai 
f3r property access. 

Bechtel will initiate remediation of areas identified by the 11-C that require additional 
remediation. The remediarion cf these additional areas will occur concurrently with [he 
I\-C’s verification ac;iviti&. 10 [he exter-6 tha i iemedia;ion does not inrerferr w i:‘. 

^. 

Da:3 Transmir,al 

Bechrel wi!l provide the IVC copies of all find (reviewed and verified) post-remediaricn 
survey and sample results as they becomL p available. Pas:-R4 survey data shall be 
documented pe: the appropriate TF procedure for the ype survey or sampling being 
performed and shall include sufficient information to documenr rhe final remediared condition 
of the site, including the location. average concentration. and approximate area of “hot spots” 
as defined in DOE Order 5400.5. See attachment A for example post-F@. survey form. 

‘0’ 1’ 95] L - 
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hleasurements rakcn by Bechiei and rhe IVC, ai identical locarions. should agree wiihin rhe 
9j percenr confidence in:enal for the ana!yrlcal meLhods used (reference 2). For consisteric> 
and ease of data comparison. Bechtel’s RSS and [he IVC shall utilize the same type of 
calibration Lecl-miques, calibra[ion sources, and survey Iechniques in conducting the surveys. 
Bechtel and the I’t’C shall utilize the same J =urvey grid and shall conduct their sur.‘eys 
referring to tiar grid. 

Site Release Documentation 

Pri$.)r to demobilization from a site, the IVC will provide the Site Superintendent with written 
documentation bar indicares all the samples and instrument readings needed to verify the 
area as clean have been obrained (see artachmenr B for example form). After all soil samples 
have been analyzed by [he I\‘C, final documentation releasing the area of interest should be 
faxed 10 the Site Superintendent. 

Once ir has been es:ablished that the sire meets rhe applicable DOE cri[eria as determined by 
direct measurements and anaiyrical resulrs, Bechrel will proceed to restore the siie to the 
condition agreed upon by the propeny owner(s). 

Bechrel uil! prepa:” a draft post-remedial action rspon (‘PRriR) for DOE reyieu (copies to 
he acLing I\‘C)‘y :;hin ti=ree’months of dsmkiiizarion from the sik?. 

NJ ‘:A, 06; 
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Foxmcrly Utili4 Situ 
Ranodial Action Pmprm 
(FUSFW’) Job 14501 WI .v?-l,z hgc_Lof~ 

QUALITY ASSWCE ASSESSMENT (QAA) 
NEED EVALUATION 

Site Identification Ventron Site 

Field Activity Description: 

I’he work involves the implementation of the FUSRAP PRASP for the Ventron Site with additional site specific information. 

Justification that QAA is not applicable for this work activity: 

Work under this work instruction does not involve potential significant failures. The safety and health of the field Personnel will 
be addressed b; the FUSRAP project Safety and Health procedures manual. On-site personnel will receive health and safety 
training prior to the start of work activities. The work will be performed by medically certified and OSHA trained personnel. 
The final report and closed out Work Instruction will be reviewed by Bechtel to ensure that appropriate methods have been 
employed and the work has been satisfactorily completed. Should field conditions change (ie., new potential risks arise), the 
need for a QAA will be reevaluated. 

Originator 
Concurrence 

Safety & Health 
Manager 
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POST-REMEDIAX,  ACTION SURVEY PLAN
FOR THE VEXIRON HARBOR

PURPOSE

The purpose of this plan is to describe the methodologies that the Formerly Utilized Sites
Remedial Action Program  (FUSRAP) will use for radiological surveys,  sampling,  and
analysis to document the fiil condition of Ventron Harbor  portion of the Ventron Site at
Beverly,  Massachusetts as free  of radioactive contamination above the release standards of
the Department  of Energy (DOE)  Order 5400.5 (reference 1). Nothing herein is intended  to
compromise the Independent  Verification Contractor’s (IVC)  independence; the purpose is to
document the Prime Management Contractor’s (PMC’s) plans  to conduct post-remedial  action
surveying/sampling  and our understanding of how we will coordinate with the IVC.
Specifically, the harbor  area adjacent to the Ventron facility will be addressed  in this plan.
This plan addresses the DOE protocol for verification and certification of sites under
FUSRAP (reference  2)

Bechtel National,  Inc.  (BNI)  will be the FUSRAP  PMC, and the Oak Ridge Institute  for
Science and Education  (ORISE) will  act as the IVC.

BACKGROUND

The Metal Hydrides  Corporation facility (which became the Ventron Corporation  in 1965)
performed work under contract to the Manhattan Engineer District (MED)  and the Atomic
Energy  Commission (AEC). Operations conducted under government contract at this site
included the procurement, storage, and processing of uranium oxides, salts, and metals, and
the machining of these products. As a result of these activities  this site  has become
radioactively  contaminated  with small amounts of material which has resulted in low level
contamination  on this property.

RESIDUAL CONTAMINATION  GUIDELINES

At the Ventron Site, natural uranium is the primary  radioactive contaminant.  DOE
responsibility  is limited to the uranium. The applicable residual contamination guidelines are
as follow:

Radionuclide” Soil  Concentration Above Backgroundb
Total Uranium 100 pCi/g averaged  over any 15-cm-thick soil layer.

Ra-226, Th-232 5 pCi/g when averaged  over the first  15 cm of soil below the surface;
15 pCi/g when averaged  over any 15 cm thick soil layer  below the
surface layer.
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a The  uranium guideline is site specific.  Radium and thorium guidelines are from
Reference 1.

b These  guidelines take into  account ingrowth of radium-226 from thorium-230 and of
radium-228 fkom thorium-232, and assume  secular equilibrium. If either thorium-230
and radium-226 or thorium-232 and radium-228  are both present,  not in secular
equilibrium,  the guidelines  apply  to the higher concentration. If other mixtures  of
radionuclides  occur,  the sum of the ratios  of the soil  concentration of each
radionuclide  to the allowable limit for that radionuclide will  not exceed 1 .OO.

The residual contamination  guidelines for fixed  and removable radioactive  contamination
(dpm/lOO cm2) are as follow:

Alpha
Removable: 1000

Fixed: (average) 5000
(maximlml) 15000

DECONTAMINATION  ACTIVITIES

&&I
1000

5000
15000

The area of Ventron (Beverly)  Harbor  adjacent to the Ventron Site is the designated  area
addressed in this plan.

All areas of contamination are limited to soil.

A Real Estate Instrument shall  be in place prior to remedial action.

At a minimum, remediation  of the site will consist  of excavation of approximately  550 cubic
yards of soil exceeding  the site specific criteria.

Post-remedial  action surveys and sampling will  focus on confiig that soil which remains
after remedial action,  does not contain radioactive contamination at concentrations  exceeding
applicable guidelines. If contaminant concentrations remain above the applicable guidelines
after the remedial  action is complete, supplemental standards will be developed and applied
to the Harbor  standards. To the extent necessary, equipment used during the decontamination
activity will be cleaned and surveyed according to Therm0 Nuclear  Services  (TNS) procedure
2C.1 “Release of Equipment and Materials” (reference  4A). prior to release.

Areas where remediation activities will  be conducted will include, but not be limited to,
those identified in the site  designation report (reference  3) and the following figure:
127FO21.

The design drawing (see  above) delineates those  general areas that will be excavated.

2
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POST-REMEDfATION  SURVEYS AND SAMPLING

Following  remediation, the FUSRAP  Radiological Support Subcontractor (TNS)  will perform

post-remedial action surveys  and sampling to determine the completeness of the removal
action and to document  that the site now  complies with the residual  contamiuation gui&$.nes
(DOE  Order  5400.5,  reference I), or that the development of supplemental standards  is
required.

Survev Euuitxnent

The recommended  equipment for use by FUSRAP  for identification and boundary delineation
of hot spots includes:

0 Field Instrument for Detection of Low Energy Radiation (FIDLER)
(calibration  source:  Am-241)

.* Gamma Scintillation Detector (Eberline SPA-3  or equivalent), or low range/high
range HP-270 or equivalent
(calibration  source:  Cs-137 for SPA-3, Sr-90 for HP-270)

The recommended equipment for use by FUSRAP  for Post-PA Surveys includes:

0 Gamma Scintillation Detector
(calibration source:  Cs-137 and/or Am-241)

0 &x,&r-Stokes Pressurized  Ion Chamber (PIG)
(calibrated by manufacturer,  response checked daily using Cs-137)

The recommended equipment for use by FUSRAP  for release of equipment  and materials
from the site includes:

0 Alpha Scintillation detector (Eberline AC-3 or equivalent)
(calibration  source:  Th-230)

0 Beta/Gamr.na  Pancake GM detector (7 mg/cm2  mylar shielded, Eberline HP-210 or
equivalent)
(c&bratiolI  sources: SrY-90)

/
0 Alpha Scintillation Counter  (Eberline SAC-4 or equivalent)

(calibration  source:  Th-230)

The same type calibration sources (i.e., same radionuclide) and methods for instrument
calibration will be used by Bechtel and ORISE to insure compatibility and reproducibility  of
survey results.
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Background Measurements

Prior to performing post-remedial action surveys,  TNS will obtain site-specific  instrument
background  measurements  from three remote background locations  in the general vicinity  of
the site (0.5 to 3 miles) according to TNS procedure 3C.2 (reference 4B). The location for
background  measurements  will  be selected  by Bechtel and TNS, and background
measurements will be made at each location by TNS and ORISE.

Surveys

After completion  of excavation of the contaminated soils, TNS shall conduct post-remedial
action surveys  to verify  satisfactory decontamination of the area. A survey grid shall be
established at the site,  conforming to the specifications  in TNS procedure  3B. 1 (reference
4C) and the %r.struction Guide for Post-Remediation Radiological.  Survey of Soil” (191-IG-
032, reference 5), and surveys  shall  be conducted  in each square  of a suggested 10 m by 10
m grid (100 m2). When deviating from the 10 m by 10 m grid (due to small irregularities  in
area of contamination), total area shall  not exceed  100 m2.

TNS will measure external gamma radiation exposure at a height of 1 m in the center of
each 10 m by 10 m grid as required by 191-IG-032  (reference 5) using methods in
accordance with TNS procedure 3B.3 (reference 4D). In addition, a minimum of one  PIC
measurement  shall be taken from each survey grid.

Uncontaminated  soils which have been excavated will be stockpiled, surveyed, and sampled
to confirm that they are uncontaminated.

soil Sampling

TNS shall also  collect post-remedial action soil samples to verify  satisfactory  remediation of
the area. Samples shall be collected from an approximately 100 m2 grid (suggested  10 m by
10 m) as directed in 191-IG-032, and TNS procedure 4A. 1 (references  5 and 4G).

Point Sources (“Hot Spots”) will be taken into  account by using the averaging criteria
contained in “A Manual for Implementing Residual Radioactive Material Guidelines”
(reference  11) and DOE Order 5400.5, Chapter IV, Section 4. Where appropriate, a “hybrid
grid” (made up of portions of one or more site grids) will be implemented to bound and
assign the area (in square meters) to each “hot spot” in question.

Based on current estimates of anticipated areas  of excavation, a minimum of 20 composite
samples will be collected. Composite samples will be collected by taking individual  samples
(25 per 100 m2, Figure 1) from each sample grid and compositing these individual  samples
into  one composite sample for that grid. ORISE may collect splits concurrently.
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. . .

Samples from  each grid square  shall  be collected using properly decontaminated  sapling

equipment  (reference 6).

TNS samples  shall  be handled using the sample  custody  and labeling methodology  described
for sediment samples in the “Instruction  Guide for Surface Water and Sediment Sampling
Activities” 191-IG-028  (reference 7) and the sample  surveying, packaging,  and shipping
methodology in PI R4.7 “HOW to Ship Samples  from a FUSRAP  Site” (reference  8).

Samples shall be shipped to the TNS laboratory in Oak Ridge, TN.prepared and analyzed
using alpha spectroscopy  (Isotopic U, Isotopic Th, and Ra-226) or gamma spectroscopy. A
three day turn around time shall  be requested. Samples  may be sent to the Wayne  Site for
analysis by gamma spectroscopy on an as needed  basis.

Safetv and Health

Safety and health risks associated with tasks described  herein have been identified and
addressed by the Health and Safety  Plan for the Ventron Site (reference  9).

The work will be performed  under a Hazardous Work Permit specific to the survey
activities.

Oualitv AssurancelOualitv Control

QA/QC field duplicate samples  and measurements shall  be collected at a frequency  of one
additional sample/measurement for each 20 collected.

Rinse blanks from decontaminated sampling equipment shall be collected at the rate of one
rinse per day of sampling. Rinse  blanks shall be collected according to the recommendations
in 191-IG-028 (reference  7).

Data Oualitv Objectives

Quality indicator goals shall be as follows: Precision, f 2 sigma; completeness,  100% ;
Accuracy,  + 25 %). QlcvQC samples  are discussed in the previous section.

BECHTEL/ORISE  COORDINATION

Bechtel is the contractor  responsible for completing the remedial action. To define the areas
for remediation,  Bechtel used data collected by ORISE during designation,  as well as
supplemental information  obtained by Bechtel as part of pre-RA planning and scoping
activities.

Bechtel will have responsibility  for excavation of contaminated soil. Upon completion of
these activities Radiological Site Support (RSS) will perform post-RA survey, then ORISE
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will commence  verification of the remediation of the property.  The result of this walkover
survey shall  be used to determine whether there  are areas requiring additional remediation.
This survey is expected to include all areas previously identified as being contaminated on
the designated properties.  Bechtel  will assist OlUSE in this survey by interfacing with the
property owner in advance to secure approval for property  access.

Bechtel will  initiate remediation concurrent with  ORISE verification activities,  to the extent
that remediation  does not interfere with verification. Bechtel  will provide OFUSE access  to
remediation  results as they  become available. The  Bechtel Site Superintendent  will notify
ORISE when remediation  of an area is complete, and OBISE will perform independent
verification  surveys of the area. ORISE may collect soil sample  splits  concurrent with
Bechtel sampling efforts.

Measurements  taken by Bechtel  and OR&SE at identical locations  should agree witbin the 95
percent confidence interval for the analytical methods used (reference 2). For consistency
and ease of data comparison,  Bechtel and ORISE shall utilize the same type of calibration
techniques,  calibration  sources, and survey techniques in conducting the surveys.  Bechtel and
OFUSE  shall utilize the same survey grid across  the decontaminated areas and shall conduct
their surveys referring to that grid.

Once it has been established that the site meets criteria for fnture use with out radiological
restrictions  as determined by direct measurements and analytical results,  Bechtel will proceed
(at risk) to restore  the site to the condition agreed upon by the property  owner(s).

Bechtel will provide fti verified  sample results to ORISE as soon as they are available.
Bechtel will prepare a post-remedial action report (PRAR) for DOE review (copy  to ORISE)
within 3 months following demobilization. The  Certification  Docket will be completed after
the completion of remediation of the Ventron Site.
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1.0 INTRODUCTION 

1.1 BACKGROUND 

This report documents the remedial action conducted by the Department of Energy (DOE) at 
the former Ventron Corporation site in Beverly, Massachusetts (see Figures l-l and l-2). The site 
is located on Massachusetts Bay at the confluence of the Bass and Danvers rivers, approximately 
24 km (15 miles) northeast of Boston. DOE cleanup activities documented by this report include 
initial remediation of site tidal flats (harbor) in September 1995 and remediation of the remainder 
of the site from May 1996 to March 1997. 

Remedial action at Ventron was conducted under the Formerly Utilized Sites Remedial 
Action Program (FUSRAP). FUSRAP was established in 1974 by the U.S. Atomic Energy 
Commission (AEC) under the Atomic Energy Act of 1954, as amended. Its mission is to identify 
and clean up or otherwise control sites where residual radioactive contamination (exceeding 
current federal guidelines) remains from contract work for the Manhattan Engineer District (MED) 
or AEC. 

FUSRAP’s objectives at the Ventron site were to 

l identify and evaluate areas formerly used to support MED/AEC nuclear development 
activities; 

a remove or otherwise control radioactive contamination above current federal guidelines; 
0 achieve and maintain compliance with applicable criteria for the protection of human 

health and the environment; and 
0 certify the site, to the extent possible, for use without radiological restrictions after 

remediation. 

Bechtel National, Inc. (BNI), the FUSRAP project management contractor, assisted in 
planning, management, and implementation of the DOE remedial action at the Ventron site. 
Science Applications International Corporation (SAIC) was the environmental studies contractor. 
Oak Ridge National Laboratory (ORNL) conducted designation surveys for the site, and Oak 
Ridge Institute for Science and Education (ORISE) served as the independent verification 
contractor (IVC) for final remediation. Health physics and laboratory functions were provided by 
Therm0 NUtech Services and Safety and Ecology Corporation, the radiological support 
subcontractors. The owner of the Ventron site during the time of DOE remediation was Morton 
International, Inc. (Morton). 
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1.2 REGULATORY COMPLIANCE 

FUSRAP cleanup activities at the Ventron site were conducted in accordance with the 
requirements of the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA). Remediation in the harbor area during 1995 was conducted as a time-critical removal 
action to support other required site remediation activities. Excavation activities during the 
sitewide cleanup effort in 1996-l 997 followed CERCLA requirements for non-time-critical 
removal actions. The engineering evaluation/cost analysis prepared for site activities was issued 
for public comment on February 12,1996, and was fmalized with responses to public comments in 
April 1996 (DOE 1996b). An Administrative Record was established and made available at the 
City of Beverly Library on November 6, 1995. 

Environmental assessments required by the National Environmental Policy Act were 
incorporated in CERCLA documentation prepared for the site. An investigation was conducted in 
accordance with 10 CFR 1022, and floodplains, wetlands, and coastal tidal areas were determined 
to be present; however, proposed activities were determined to have minimal short-term and 
positive long-term environmental effects. Consultations with regulators regarding natural 
resources and endangered and threatened species determined that proposed activities would have 
no negative effect on these resources. Consultations with historic preservation officials determined 
that no protected historical or archaeological resources would be adversely affected by cleanup 
activities. 

Cleanup activities were conducted in full compliance with federal and state waste 
management and transportation requirements. 

1.3 HISTORY 

From 1942 to 1948, the Metal Hydrides Corporation (predecessor of the Ventron 
Corporation), conducted uranium processing operations under contract to the MED and its 
successor agency, the AEC. MED/AEC contract operations at the Ventron site involved 
conversion of uranium oxide to uranium metal powder using calcium hydride (DOE 1995). In a 
process used later at the facility, uranium oxide was reacted with hydrogen fluoride to produce 
uranium tetrafluoride, which was mixed with magnesium and heated to produce uranium metal 
(ORNL 1988). Other operations at the site included recovery of uranium from scrap and turnings 
resulting from operations at a fuel fabrication plant in Hanford, Washington. MED/AEC contract 
work at Ventron involved only natural uranium; no depleted or enriched uranium was processed. 
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Two of the four original buildings used for MED/AEC work were demolished between 1948 
and 1950 (after completion of AEC surveying and decommissioning), and two other buildings 
(Buildings B and F) were erected at these locations. The remaining original buildings (Buildings A 
and A-l) contained furnaces, leaching facilities, a mixing room, a drying room, and analytical 
laboratories. The Alfa Building (Building .I) was used in later non-MED-related thorium 
operations, reportedly involving purification of thorium compounds.’ The primary radioactive 
contaminant resulting from this work was thorium-232. 

Radiological surveys of the land and buildings were conducted by ORNL in 1977 and in 1980 
to 1982. In 1986, the Ventron site was designated for inclusion in FUSRAP. Additional 
radiological surveys of the site were performed by ORNL in 1987 to 1988, and in 1991, surveys 
were performed of properties in the vicinity of the site to determine if radiological contamination 
from plant operations had migrated offsite. Further characterization of radiological and chemical 
conditions at the site was performed by BNI for DOE in 1992. 

In 1976, the Ventron Corporation was acquired by the Thiokol Corporation, which became a 
division of Morton Thiokol, Inc., in 1980, and was subsequently renamed Morton International in 
1990. In 1994, Morton production activity at the Ventron site ceased. In 1996, DOE and Morton 
International finalized a Memorandum of Agreement (MOA) regarding the allocation of cleanup 
responsibilities between the parties at the site (see Appendix A). DOE radiological 
decontamination of the site concluded in 1997. 

1.4 SITE DESCRIPTION 

The Ventron site is located in Beverly, Massachusetts. The site occupies 1.2 ha (3 acres) 
on Massachusetts Bay, at the confluence of the Bass and Danvers rivers. The property is bordered 
by Congress Street on the north, the Boston and Maine Railroad on the east, the Bass River on the 
west, and the Danvers River on the south. A seawall composed primarily of granite boulders 
surrounds the property along its boundaries with the Danvers and Bass rivers. The western and 
southern boundaries of the property extend beyond the seawall to the low tide mark of the adjacent 
harbor. 

Before remedial action began, the site was a fully operational chemical manufacturing facility 
comprised of three groups of buildings: the A buildings (A and A-l); the B buildings (B-l, B-2, 

’ Designation of the Alfa Building as Building J is as it is identified in the 1996 DOE/Morton Memorandum of Agreement (MOA), provided as 

Appendix A of this report. 
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and B-3; and the C buildings (C-l, C-2, C-3, and C-4). In addition, buildings E and F; the Alfa 
Building (Building J, the former Alfa Laboratory); and the Biocides Building” also existed onsite 
(see Figure l-3). 

Buildings A and A-l were the original buildings used by the MED for uranium oxide storage 
during processing. A concrete loading pad adjacent to Building A-l is thought to have been used 
for uranium oxide storage and transfer activities. Elevated levels of radioactivity were detected on 
interior building surfaces, on MED-related equipment, on the roof, in retort tunnels beneath 
Building A, and in soil beneath Building A- 1. A contaminated portion of the roof was removed and 
replaced by DOE in 1987. 

Buildings B-l, B-2, and B-3 were adjoining buildings and faced the harbor to the south. 
Buildings B- 1 and B-2 were erected over the location of a machine shop used during MJZD 
operations. The machine shop was demolished between 1948 and 1950 after being surveyed and 
decommissioned according to standards in effect at that time. No residual radioactivity was 
detected within the B buildings; however, soil beneath the buildings was radioactively 
contaminated. 

Buildings C-l, C-2, C-3, and C-4 were joined and faced the harbor to the west. During MED 
operations, two subsurface waste pits reportedly were active in the vicinity of these buildings. No 
residual radioactivity was detected within the buildings. Soil beneath and adjacent to the buildings 
was contaminated. 

The Biocides Building and Building E were constructed after MED operations were 
completed. No MED activities were conducted in or on the site of these two buildings. The 
Biocides Building was in use as company offices and Building E was in use as a storage 
warehouse. 

Building F was constructed after MED operations were completed. The foundry, which it 
replaced, was active during MED-related activities. 

2 
Designation of the Biocides Building is as it is identified in the 1996 DOE/Morton MOA, provided as Appendix A. Jn contractor 

documents, the Biocides Building is identified as either Building D (SAX) or J (BNI). 
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2.0 FUMEDIAL ACTION GUIDELINES 

DOE criteria for radionuclides are provided in DOE Order 5400.5, “Radiation Protection of 
the Public and Environment” (DOE 1990). Chapter IV of the Order addresses release criteria for 
surfaces and soil contaminated with residual radioactivity. Established release criteria exists for 
different types of radiation and some radionuclides. Criteria for radionuclides without established 
concentrations are developed on a site-specific basis, in accordance with procedures established in 
the Order. Established criteria also may be modified, or supplemented, when conditions delineated 
in the Order are met. 

Radioactive contaminants of concern at the Ventron site were uranium-23 8, thorium-232, and 
radium-226. Uranium-238 was identified as the primary radioactive contaminant associated with 
MED/AEC activities (DOE 1995). Table 2-l summarizes DOE criteria applicable to the Ventron 
site. 

\ For indoor and outdoor structural surfaces, remedial action guidelines for alpha activity from 
natural uranium, uranium-235, uranium-238, and associated decay products are 
5,000 dpm/l 00 cm’ averaged over the entire surface area; 15,000 dpm/lOO cm2 (maximum); and 
1,000 dpm/lOO cm2 (removable). Guidelines for thorium-232 and associated decay products on 
indoor and outdoor structural surfaces are 1,000 dpm/lOO cm2 averaged over the entire surface 
area; 3,000 dpm/lOO cm2 (maximum); and 200 dpm/l 00 cm2 (removable). Guidelines for radium- 
226 and associated decay products on indoor and outdoor structural surfaces are 500 dpm/lOO cm2 
averaged over the entire surface area; 1,500 dpm/lOO cm2 (maximum); and 20 dpm/lOO cm2 
(removable). At the Ventron site, this criteria was applicable to radioactively contaminated 
equipment and undemolished surfaces such as building slabs. 

In addition, because Buildings A and A-l were planned to be demolished by Morton, 
supplemental standards were approved by DOE for use on demolition rubble from these buildings, 
in lieu of established surface guidelines for structural surfaces (DOE 1996d). The rationale for 
supplemental knits was that established surface criteria would not be applicable to the resulting 
rubble/debris and that the rubble would more appropriately be compared with volumetric criteria. 
The approved supplemental standards for masonry rubble, metal surfaces, and other material 
comprising building rubble are provided in Table 2-l. The DOE approach to building rubble was 
provided to state regulators (DOE 1996a; MDEP 1996a and b). 
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Table 2-l 

Summary of DOE Guidelines for Residual Radioactive Contamination 
at the Ventron Site 

Basic Dose Limits 

Basic dose limit of 100 mrem/y (excluding radon) for member of the general public. In 
implementing this limit, DOE applies as-low-as- reasonably-achievable principles to set 
site-specific guidelines where necessary. 

Site-Specific Soil Guidelines 

Uranium3 100 pCi/g above background for total uranium; 50 pCi/g above background 
for uranium-238 

Thorium-232 5 pCi/g above background averaged over the surface 15-cm (6-m) layer 
Radium-226 of soil, and 15 pCi/g above background averaged over any 
15-cm (6-in.) -thick layer of soil (below the 6-m. surface layer) regardless of 
depth 

Building Rubble4 

Uranium 100 pCi/g for total uranium; 50 pCi/g for uranium-23 8 
Thorium-232 15 pCi/g 
Radium-226 15 pcilg 

Indoor/Outdoor Structural Surface Contamination 

Residual contamination guidelines for fixed and transferable radioactive contamination 
(dpm/lOO cm2) (DOE Order 5400.5): 

Radionuclide 

Natural uranium, U--235, U-238, 
and associated decay products 

Beta/gamma emitters (radionuclides 
with decay modes other than alpha 
emissions) 

Thorium-232 

Radium-226 

Average Maximum 

5,000 (alpha) 15,000 (alpha) 

5,000 15,000 
(beta/gamma) cbeta/g=a) 

1,000 3,000 
500 1,500 

Removable 

1,000 (alpha) 

1,000 
cOeQ&=a> 

200 
20 

3 DOE 1993. 
4 DOE 1996c, 1996d. 



Because no established criteria exist for uranium in soil, a DOE site-specific criterion was 
developed and presented to regulators (DOE 1993; DOE 1996a). The DOE site-specific criterion 
for residual radioactive material in soil at Ventron was 100 pCi/g above background for total 
uranium and 50 pCi/g above background for uranium-238, regardless of depth. Generic soil 
guidelines for thorium-232 and radium-226 contained in the Order were applied. The criteria for 
thorium-232 and radium-226 are 5 pCi/g for residual radioactive material in the first 15 cm (6 in.) 
of soil and 15 pCi/g for depths greater than 15 cm (6 in.). 

To establish the levels of naturally occurring background radioactivity in soils near the site, 
samples were taken at three offsite locations. Establishment of background levels is important 
because cleanup guidelines are based on concentrations of radionuclides above background. 
Background data serve as a frame of reference for evaluating site data because they represent 
conditions typical of the areas unaffected by activities at the site. During remedial action, soil 
samples were obtained from three remote background locations in the general area of the Ventron 
site. Background sampling locations were selected on the basis of their proximity to the site, 
relative independence from potential site influence, and representativeness of area land uses. 

Background sampling locations are shown in Figure 2-l. Samples from these locations were 
analyzed for radium-226, thorium-232, and uranium-238. Background external gamma exposure 
rates were also measured at these three locations using a pressurized ionization chamber (PIC). 
The average background concentration for uranium-238 was 2.3 pCi/g, with a range of 1.3 to 
3.6 pCi/g. The average concentration of thorium-232 in background samples was 0.86 pCi/g, with 
a range of 0.5 1 to 1.2 pCi/g. The average background concentration of radium-226 was 0.59 pCi/g, 
with a range of 0.37 to 0.89 pCi/g. The average background external gamma exposure rate was 
determined to be 9.0 @/h. 

Asbestos-containing material found in retort tunnels beneath Building A was the only 
nonradioactive constituent mingled with residual radioactive materials at concentrations requiring 
remedial action. The asbestos-containing material was contaminated with radium-226 at 
concentrations greater than 5 pCi/g. All asbestos materials containing residual radioactive material 
were removed f?om the site and transported to Envirocare of Utah, a facility licensed for the 
disposal of radioactively contaminated asbestos. Although mercury was present in the harbor tidal 
flats, it was not commingled with residual radioactive materials at concentrations requiring 
remedial action. 

FinalVentronPRAR 10 



PRAR258.DGN 

Figure 2-I 
Ventron Siie 

Background Sampling Locations 



3.0 REMEDIAL ACTION 

3.1 OVERVIEW 

Radiological decontamination of the Ventron site by the DOE occurred in two phases: in 
September 1995 and from May 1996 to March 1997. Supplemental sampling of the site to verify 
the adequacy of radiological remediation was performed in July 1997 (see Section 5.0). 

In September 1995, the first phase of DOE remediation of site tidal flats (harbor) adjacent 
to the seawall began to ensure that radioactive material was removed from the area before Morton 
began its harbor remedial activities. During this first phase of remediation, a walkover was 
performed over the entire harbor down to the low-tide mark, and areas with readings above 
20,000 cpm were targeted for remediation. Elevated readings were found in three areas. 
Excavations were completed in grids 15 and 32, and post-remedial action samples were collected. 
Excavation was halted in the third area (grids 28 and 29) because contamination in that area was 
too extensive to be removed by manual methods. Post-remedial action sampling was performed on 
all grids except 20,28,29,30,44,45, and 46, which were remediated during the second phase of 
the remedial action. Included as Appendix B is the report on this first phase of cleanup activities. 

Pursuant to the MOA between the parties, onsite buildings A, A-l, B-l, B-2, B-3, C-l, C-2, 
C-3, C-4, and F were demolished by Morton before the second phase of DOE remediation began. 
Crushed rubble from the demolition of Buildings A and A-l was sampled. Rubble meeting DOE 
criteria was stockpiled and used as backfill along the seawall. As excavation progressed, 
demolition of the Alfa Building (Building J) became necessary in order to access and remove 
contaminated soil beneath the building. Material from the Alfa Building was sampled to 
characterize its radiological content. Building slabs were surveyed and either decontaminated and 
left in place or removed and disposed of with other contaminated material. 

Excavation of contaminated materials was the primary remedial action technique used at the 
Ventron site. Eleven discrete areas of the site were excavated and verified for compliance with 
radiological cleanup criteria. Excavations occurred beneath demolished buildings, in the northwest 
comer of the site, and in harbor grids 20,28, and 29. To prevent failure of the seawall, areas 
within 4 m (12 ft) of the wall were excavated and sampled separately from the surrounding 
excavation. Residual radioactivity within the seawall was not remediated because of its stability. 
The average activity of total uranium in the seawall, if reduced to rubble, was estimated to be 
0.72 pCi/g (BNI 1997). 
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Walkover scans were conducted during remedial action to direct the excavation. As 
remediation was completed, exposure rate measurements were taken with a PIC to confum that 
radiation levels were in compliance with applicable guidelines, and soil samples were collected and 
analyzed to establish that residual radioactive material exceeding applicable criteria had been 
removed (see Section 4.0 for a presentation of sampling results). Sampling of soil beneath the slab 
of Building A also was performed to demonstrate that the majority of the area beneath the slab was 
uncontaminated. 

Figure 3-l shows the expected areas of excavation for the site. Figure 3-2 shows the actual 
areas of excavation, depth of excavation, and the location of the retort tunnels where material 
within the tunnels was removed. 

Following remedial action, areas were restored to the condition agreed upon by the property 
owner. Restoration primarily involved placement of sufficient buttress in adjacent areas of the 
seawall to maintain seawall integrity. Backfilling of the open excavations was the responsibility of 
Morton, as specified in the MOA (see Appendix A). 

Neither of the two structures remaining onsite (the Biocides Building and Building E) was 
involved in work with radiological materials. However, interior gamma radiation exposure rates 
were taken of these structures at a frequency of approximately one per 100 m2 of floor area, or one 
per room, whichever yielded a greater frequency. 

3.2 CONTAMINATION CONTROL DURING THE CLEANUP 

During remedial action, engineering controls, administrative controls, and monitoring were 
used to protect remediation workers and members of the general public from potential exposure to 
radiation above applicable standards. These controls are outlined in the health and safety 
instructions for the site. 

All personnel working in radioactively contaminated areas were required to wear disposable 
coveralls, booties, gloves, safety glasses, and hard hats. When conditions warranted, additional 
protective clothing and personal protective equipment (PPE) such as hoods, face shields, and 
respirators were required, as specified in the health and safety instructions. 

Workers exiting radioactively contaminated work areas were subjected to a whole-body scan 
(frisked) at the control point with a hand-held radiation detection instrument by personnel who had 
received Radiological Worker II training; the scan ensured that protective clothing was not 
contaminated and prevented spread of contamination to clean areas. Workers were resurveyed 
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(boots and hands) after removing PPE to ensure that no material was transferred to personal 
clothing or skin. Contaminated PPE was placed in containers and shipped for disposal as low-level 
radioactive waste. Uncontaminated PPE was disposed of as solid waste. 

The primary potential pathways by which persons onsite and offsite could be exposed to 
radioactive material generated at the site during removal activities are inhalation and ingestion of 
radioactively contaminated airborne dust generated during excavation. During remedial action, the 
spread of contamination and personnel exposure were minimized by the following measures: 

l A fine water mist was sprayed as needed to control dust during soil removal and 
transport. 

l Trucks hauling contaminated materials were fitted with liners, and the loads were 
covered to prevent loss of the contents. 

l Silt fences were placed around excavated areas to prevent runoff of potentially 
contaminated sediment until sampling results confirmed that contamination had been 
removed. 

Perimeter air particulate sampling adjacent to areas being remediated was conducted to ensure 
that no member of the general public was exposed to radioactivity above applicable guidelines 
(DOE 1990). The derived concentration guide (DCG) for air represents the concentration of a 
particular radionuclide that would yield a committed effective dose equivalent of 100 mrem/y (the 
DOE basic dose limit) to an individual continuously exposed to the radionuclide by inhalation for an 
entire year. This guideline was established to protect members of the general public against undue 
risk from radiation. High-volume air samplers were used to collect air samples for calculation of the 
air particulate concentration. The samples were collected and counted daily after sufficient time was 
allowed for radon progeny decay. Concentrations of uranium-23 8 measured by area particulate air 
samplers ranged from 5.38 x lo-l5 pCi/mL (2.0 x lo4 pCi/L) to 9.87 x lo-r3 uCi/mL (0.001 pCi/L). 
The DCG for uranium-238 is 2.0 x 10-I2 yCi/mL (0.002 pCi/L), which is 2.0 times greater than any 
activity detected at the site. 

3.3 POST-REMEDIAL ACTION ACTIVITIES 

3.3.1 Overview 

Following remediation, samples and surveys were done by the project management contractor 
(PMC) to verify compliance with radiological cleanup criteria. Samples and surveys were also 
done by OFUSE, the independent verification contractor (NC), to verify compliance with criteria 
in effect at the time of remediation. The following section provides a discussion of PMC 
verification procedures. A discussion of IVC procedures is provided in Section 6. 
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3.3.2 Survey Techniques 

After the material was excavated, the site was subdivided into loo-m2 grids (10 m by 10 m). In 
some areas, the grids were smaller because of physical limitations of the site. A gamma walkover 
survey was performed in each grid using an Eberline SPA-3 gamma scintillation detector or a field 
instrument for detection of low-energy radiation (FIDLER). After survey results indicated that 
remediation was complete, post-remedial action samples were collected from the excavated area in 
accordance with the post-remedial action survey plan (BNI 1996). 

Radiological walkovers were performed in each survey grid to detect the emission of high and 
low energy gamma radiation. The low energy gamma radiation was detected with a Bicron FIDLER 
equipped with a 5-in-diameter by 0.063-in.-thick sodium iodide crystal. The high-energy gamma 
radiation was detected with the Eberline SPA-3 equipped with a 2-in. by 2-in. sodium iodide crystal. 
Table 6-7, page 6-47 in the Multi-Agency Radiation Survey and Site Investigation Manual 
(MARSSIM), Revision 1 (DOD et al 2000), lists the scan MDCs for the SPA-3 as: 2.8 pCi/g (104 
Bq/kg) Ra-226, 1.8 pCi/g (677 Bq/kg) Th-232, and 80 pCi/g (2,960 Bq/kg) total uranium. Each 10-m 
by 10-m grid was divided into approximately ten l-m-wide transects which were walked over, with 
the instruments being moved from side to side covering approximately a 1 -m-wide swath with each 
stride. 

Normal verification sampling was conducted by collecting 25 evenly spaced samples per 
1 00-m2. These 25 samples were then cornposited into a single sample. For grids of less than 1 00-m2, 
the composite sample was generated at the proportionally reduced ratio equivalent to 25 samples per 
loo-m2 or a minimum of four samples per area cornposited. Locations next to the sea wall (see 
Figure D-2) were all less than loo-m2 and were treated in this manner. 

In general, discrete samples were taken using one of three different methods. The first method 
was to take a sample from the portion of the grid with the highest SPA-3 readings (“Highest Area”). 
The second method, used primarily in Phase II of the Alfa Building excavation, is to take evenly 
spaced discrete samples from the entire excavation. The third method, used primarily in the Harbor 
excavation, is to take five discrete samples in an X pattern from each survey grid. 

The soil samples were analyzed on a lead-shielded FIDLER and then sent to either the 
ThermoNUtech laboratory in Oak Ridge, Tennessee, or the field laboratory at the Wayne Interim 
Storage Site in Wayne, New Jersey, for gamma spectral analysis to ensure that all soil above 
cleanup criteria had been removed. If the analysis (or the lead-shielded FIDLER readings) indicated 
residual radioactive material above criteria, additional excavation was performed, and additional 
post-remedial action samples were collected and analyzed. The rationale for the sampling program 
and analytical results are presented in Section 4. 
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4.0 POST-REMEDIAL ACTION MEASUREMENTS 

The following section presents the results of post-remedial action measurements taken by 
BNI following demolition of radioactively contaminated buildings or the completion of areas of 
excavation to demonstrate compliance with radiological criteria in effect at the conclusion of 
remediation. IVC post-remediation measurements and conclusions are provided in a separate 
report. 

Data presented in this section are gross sampling results, without the subtraction of 
background concentrations. Tables referenced in this section are provided in Appendix D. 

4.1 BUILDINGS 

Before soil excavation began, buildings A, A-l, B-l, B-2, B-3, C-l, C-2, C-3, C-4, and F 
were demolished by Morton. The debris from buildings B (B-l, B-2, B-3), C (C-l, C-2, C-3, C-4), 
and F was shipped to a Class II industrial landfill for disposal. Debris from buildings A and A-l 
was crushed, sampled, and stockpiled for use as backfill (see Table D-l). The building debris was 
sampled by creating a pile of the material crushed each day and taking several composite samples 
Tom the pile. Data for the crushed debris from buildings A and A-l indicated that the 
concentrations of uranium-238, thorium-232, and radium-226 were below supplemental limit 
criteria. Uranium-238 concentrations ranged from 0.23 to ~4.2 pCi/g (average 2.36 pCi/g). 
Concentrations of thorium-232 ranged from ~0.23 to cl.3 pCi/g (average 0.72 pCi/g), and 
radium-226 concentrations ranged from x0.16 to 1.2 pCi/g (average 0.6OpCi/g). 

As soil remediation progressed, demolition of the Alfa Building (Building J) became 
necessary in order to access and remove contaminated soil beneath the building. Data from the 
building material are presented in Table D-2. Uranium-238 concentrations ranged from 0.57 to 
x9.70 pCi/g (average 3.84 pCi/g). Concentrations of thorium-232 ranged from co.53 to a.7 pCi/g 
(average 1.24 pCi/g), and radium-226 concentrations ranged from co.37 to cl.60 pCi/g (average 
0.97 pCi/g). 

4.2 EXCAVATIONS 

The northwest corner of the site was the first area to be excavated. The actual area of 
Excavation 1 shown in Figure 4-l did not vary significantly from the area expected to be 
excavated. As shown in Table D-3, post-remedial action concentrations of uranium-238 in 
composite soil samples from Excavation 1 ranged from 6.8 to 8.8 pCi/g (average 7.8 pCi/g). Post- 
remedial action uranium-23 8 concentrations in discrete samples collected from the portion 
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of the survey grids showing the highest readings during the walkover ranged from 6.6 to 
12.7 pCi./g (average 9.7 pCi/g). Post-remedial action concentrations of thorium-232 ranged from 
0.79 to 0.92 pCi/g (average 0.86 pCi/g) in composite soil samples and from 0.43 to 1.7 pCi/g 
(average 1.07 pCi/g) in discrete samples from the portion of the survey grids with the highest 
walkover survey readings. Post-remedial action concentrations of radium-226 ranged from 0.64 to 
1 .O pCi/g (average 0.82 pCi/g) in composite soil samples and from 0.44 to 1.3 pCi/g (average 
0.87 pCi/g) in discrete samples from the portion of the survey grids with the highest walkover 
survey readings. The gamma exposure rate for Excavation 1 ranged from 10.7 to 11.5 pR/h 
(Table D-l 1). 

Excavation 2 (Figure 4-l) was adjacent to Buildings A and A-l. The excavated area did not 
vary significantly from the expected area of excavation and did not overlap the contamination from 
Building A or Building A-l. As shown in Table D-3, post-remedial action concentrations of 
uranium-238 ranged from 9.9 to 15.8 pCi/g (average 12.9 pCi/g) in composite soil samples and 
from 14.1 to 34.1 pCi/g ( average 24.1 pCi/g) in discrete samples taken from the portion of the 
survey grids with the highest readings during the walkover. Post-remedial action concentrations of 
thorium-232 ranged from 0.89 to 1.2 pCi/g (average 1.05 pCi/g) in composite soil samples and 
from 0.7 to 1.3 pCi/g (average 0.67 pCi/g) in discrete samples from the portion of the survey grids 
with the highest readings during the walkover. Post-remedial action concentrations of radium-226 
ranged from 0.6 to 0.88 pCi/g (average 0.74 pCi/g) in composite soil samples and from 0.65 to 
1 .O pCi/g (average 0.83 pCi/g) in discrete samples from the portion of the survey grids with the 
highest readings during the walkover. The gamma exposure rate for Excavation 2 ranged from 
10.7 to 11.5 pR/h (Table D-l 1). 

Excavation 3 (Figure 4-1) was adjacent to Building E (warehouse). During characterization, 
above-criteria concentrations of uranium-23 8 (50 pCi/g) were detected in one sample from 
Excavation 3; however, no above-criteria concentrations of uranium-238 were detected during 
remediation. It is likely that the contamination was removed during characterization. As shown in 
Table D-3, post-remedial action radionuclide concentrations in composite soil samples from 
Excavation 3 were 2.9 pCi/g for uranium-238, co.81 pCi/g for thorium-232, and 0.6 pCi/g for 
radium-226. The gamma exposure rate for Excavation 3 was 9.0 pR/h (Table D-l 1). 

Excavation 4 (Figure 4-l) consisted of an area adjacent to the Alfa Building (Phase I), a small 
area that extended onto the railroad property (Phase II), and the area beneath the Alfa Building 
(Phase III). The excavated area was larger than expected because additional contamination was 
discovered as the excavation proceeded. Removal of the additional contamination required the 
unplanned demolition of the Alfa Building and excavation onto the adjacent railroad property. 
Although these areas were contiguous, the excavation was conducted in separate phases and the 
post-remedial action results are treated separately in the following discussion. 

FinalVentronF’RAFt 20 



As shown in Table D-4, post-remedial action concentrations of uranium-238 in composite soil 
samples from Excavation 4 Phase I, area south of Alfa Building, ranged from a.9 to 36.3 pCi/g 
(average 12.53 pCi/g). Post-remedial action concentrations of uranium-238 in discrete samples 
from Excavation 4 (Phase I), taken from the portion of the survey grids with the highest readings 
during the walkover, ranged from cl.9 to 32.6 pCi/g (average 11.8 pCi/g). The post-remedial 
action concentrations of thorium-232 in composite soil samples from Excavation 4 (Phase I) 
ranged from co.66 to 2.1 pCi/g (average 1.23 pCi/g). Post-remedial action concentrations of 
thorium-232 in discrete samples for the Alfa Building and adjacent area, which were taken from 
the portion of the survey grids with the highest readings during the walkover, ranged from co.56 to 
7.74 pCi/g (average 2.5 pCi/g). The sample with the highest reading (7.74 pCi/g) was taken from 
an area of one square meter; this reading is well below the 50 pCi/g criterion for areas of 
radiological anomaly. The post-remedial action concentrations of radium-226 in composite soil 
samples for the Alfa Building (Phase I) ranged from 0.49 pCi/g to 1 .l pCi/g (average 0.72 pCi/g). 
Post-remedial action concentrations of radium-226 in discrete samples for the Alfa Building 
(Phase I) taken from the portion of the survey grids with the highest readings during the walkover, 
ranged from ~0.3 to 1.15 pCi/g ( average 0.67 pCi/g). The gamma exposure rate for Excavation 4 
ranged from 10.3 to 14.6 @/h (Table D-l 1). 

Because remedial action progressed offsite onto an adjacent property used by an active rail 
line, the schedule for completion of this excavation was closely coordinated with the railroad 
property owners. To avoid having to access the area more than once for sampling, discrete 
samples were collected and analyzed along with one composite sample and four samples from the 
elevated areas. As shown in Table D-4, post-remedial action radionuclide concentrations in the 
composite sample from the railroad excavation were 16.96 pCi/g for uranium-238,0.92 pCi/g for 
thorium-232, and 0.89 pCi/g for radium-226. Post-remedial action concentrations in discrete soil 
samples from the railroad property (Alfa Building Phase II) ranged from 0.15 to 39.49 pCi/g 
(average 12.17 pCi/g) for uranium-238; from 0.48 pCi/g to 2.00 pCi/g (average 0.95 pCi/g) for 
thorium-232; and from 0.45 to 1.46 pCi/g (average 0.81 pCi/g) for radium-226. Post-remedial 
action concentrations in discrete samples from the portion of the survey grids with the highest 
readings during the walkover ranged from 24.87 to 46.63 pCi/g (average 36.48 pCi/g) for 
uranium-238; from 0.98 to 1.4 pCi/g (average 1 .18 pCi/g) for thorium-232; and from 0.72 to 
0.88 pCi/g (average 0.84 pCi/g) for radium-226. 

Excavation 4 Phase III consisted of the area under the Alfa Building (Figure 4-l). As shown 
in Table D-4 (Phase III), post-remedial action concentrations of uranium-238 in composite soil 
samples ranged from 7.42 to 35.08 pCi/g (average 20.76 pCi/g). The post-remedial action 
concentrations of thorium-232 in composite soil samples from Excavation 4 (Phase III) ranged 
from 0.78 to 0.91 pCi/g (average 0.84 pCi/g). The post-remedial action concentrations of 
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radium-226 in composite soil samples for the Alfa Building (Phase III) ranged from 0.61 pCi/g to 
0.81 pCi/g (average 0.70 pCi/g). No discrete samples were taken during Phase III of Excavation 4. 

Excavation 5 (Figure 4-l) consisted of the harbor area. During September 1995 (Phase I), 
most of the harbor area was excavated and surveyed. Post-remedial action data indicated that grids 
1 through 19,21 through 27, and 3 1 through 43 (Appendix E, Figure D-l) met radiological release 
criteria. The remaining grids (20,28 through 30, and 44 through 46) were remediated and 
surveyed during the remedial action conducted from May 1996 through March 1997 (Phase II). 
Grids 20,28,29, and 30 required excavation; grids 44,45, and 46 were surveyed and found to 
meet radiological release criteria. As shown in Table D-5, post-remedial action concentrations of 
uranium-238 in soil samples (composite) for grids (l-l 9,21-27, and 3 l-43) ranged from 0.37 to 
21.5 pCi/g (average 3.86 pCi/g). Post-remedial action concentrations of thorium-232 in composite 
soil samples for Phase I grids ranged from 0.26 to 3.60 pCi/g (average 0.65 pCi/g). Post-remedial 
action concentrations of radium-226 in composite soil samples for Phase I grids ranged from 0.29 
to 1 .OO pCi/g (average 0.50 pCi/g). The gamma exposure rate for Excavation 5 Phase I ranged 
from 8.0 to 12.0 @/h (Table D-l 1). 

Post-remedial action concentrations of uranium-238 in Phase II samples (grids 20,21,28 
through 32, and 44 through 46) ranged from 1.1 to 37.6 pCi/g (average 5.42 pCi/g). Post-remedial 
action concentrations of thorium-232 in Phase II samples ranged from 0.35 to 2.00 pCi/g (average 
0.69 pCi/g). Post-remedial action concentrations of radium-226 in Phase II samples ranged from 
0.26 to 1.3 pCi/g (average 0.62 pCi/g). The gamma exposure rate for Excavation 5 Phase II ranged 
from 8.0 to 10.0 pR/h (Table D-l 1). 

Excavation 6 (Figure 4-l) was comprised of two discrete areas: the area within 12 ft of the 
seawall and the area extending from the Building C slab, across the Building B slab, to the 
Building F slab. The excavation area was flooded except during periods of low tide, during which 
time excavation could proceed 

Before work began in Excavation 6, the area within approximately 4 m (12 fi) of the seawall 
was excavated, verified, and backfilled. Engineering constraints imposed by the instability of the 
seawall required that no more than a 3-m- (1 O-t?) -wide section of the wall be exposed at any given 
time during excavation in the vicinity of the seawall. Additionally, the exposed section was to be 
backfilled within 24 hours of the excavation. To facilitate backfilling, a lead-shielded FIDLER 
was used to screen samples. The FIDLER was calibrated by taking readings from samples that had 
been analyzed at an offsite laboratory, and a control chart was developed using the laboratory 
results for those samples. The use of the lead-shielded FIDLER resulted in substantial cost savings 
for the project by reducing stand-down time while still meeting remedial action guidelines. 
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As shown in Table D-6, post-remedial action concentrations of uranium-238 ranged from 
3.78 to 38.1 pCi/g (average 18.71 pCi/g) in composite soil samples and from 2.2 to 29.6 pCi/g 
(average 12.44 pCi/g) in discrete samples from the portion of the survey grids with the highest 
reading during the walkover. Post-remedial action concentrations of thorium-232 ranged from 
0.52 to 1.6 pCi/g (average 0.83 pCi/g) in composite soil samples and fi-om 0.42 to 2.59 pCi/g 
(average 0.90 pCi/g) in discrete samples from the portion of the survey grids with the highest 
reading during the walkover. Post- remedial action concentrations of radium-226 ranged from 0.34 
to 1.9 pCi/g (average 0.71 pCi/g) in composite soil samples and from 0.34 to 2.24 pCi/g (average 
0.73 pCi/g) in discrete samples from the portion of the survey grids with the highest reading during 

_ the walkover. 

With regards to the remainder of Excavation 6, the excavated area was much larger than 
expected because additional contamination was discovered as the excavation proceeded. As shown 
in Table D-7, post-remedial action concentrations of uranium-238 ranged from 4.17 to 45.79 pCi/g 
(average 22.41 pCi/g) in composite soil samples and from c4.03 to 48.50 pCi/g (average 21 .O pCi/g) 
in discrete samples from the portion of the survey grids with the highest readings during the 
walkover. Post-remedial action concentrations of thorium-232 ranged from 0.45 to 1.18 pCi/g 
(average 0.80 pCi/g) in composite soil samples and from 0.55 to 2.55 pCi/g (average 0.93 pCi/g) in 
discrete samples from the portion of the survey grids with the highest readings during the walkover. 
Post-remedial action concentrations of radium-226 ranged from 0.45 to 1.08 pCi/g (average 
0.70 pCi/g) in composite soil samples and from 0.38 to 2.24 pCi/g (average 0.74 pCi/g) in discrete 
samples from the portion of the survey grids with the highest readings during the walkover. The 
gamma exposure rate for Excavation 6 ranged from 9.0 to 12.0 @/h (Table D-l 1). 

Excavation 7 (Figure 4- 1) consisted of an area between Buildings A and E. Characterization 
data indicated above-criteria concentrations of uranium-23 8 (57 pCi/g and 97 pCi/g) in two 
samples from this area; however, no uranium-238 concentrations above criteria were detected 
during remediation. It is likely that the contamination was removed during characterization. As 
shown in Table D-8, post-remedial action concentrations of uranium-238 ranged from ~4.52 to 
~4.63 pCi/g (average 4.56 pCi/g) in composite soil samples and from a.82 to 10.89 pCi/g 
(average 7.36 pCi/g) in discrete samples from the portion of the survey grids with the highest 
reading during the walkover. Post-remedial action concentrations of thorium-232 ranged from 
0.67 to 0.94 pCi/g (average 0.81 pCi/g) in composite soil samples and from 0.69 to 0.84 pCi/g 
(average 0.77 pCi/g) in discrete samples from the portion of the survey grids with the highest 
reading during the walkover. Post-remedial action concentrations of radium-226 ranged from 0.56 
to 0.68 pCi/g (average 0.62 pCi/g) in composite soil samples and from 0.6 to 0.7 pCi/g (average 
0.65 pCi/g) in discrete samples from the portion of the survey grids with the highest reading during 
the walkover. Only one gamma exposure rate measurement was made for Excavation 7 with a 
value of 11 .O pR/h (Table D-l 1). 
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Excavation 8 entailed the removal of material beneath the leach tank pit in Building A 
(Figure 4-l). The leach tank pit was an area that contained a tank used in the batch process 
leaching of ores during MED/AEC activities. Contaminated soils and pipes were discovered 
below the concrete floor of the pit, necessitating the excavation of this area. As shown in 
Table D-9, post-remedial action concentrations of radionuclides in the composite soil sample were 
8.38 pCi/g for uranium-238, 1.03 pCi/g for thorium-232, and 0.71 pCi/g for radium-226. 

Excavation 9 was the area beneath the fan pit. The fan pit contained a fm used to exhaust the 
retort ovens in Building A (Figure 4-l). Soil beneath the concrete floor of the fan pit was found to 
be contaminated and required excavation. As shown in Table D-9, post-remedial concentrations of 
uranium-238 were 6.72 pCi/g in the composite soil sample and 13.75 pCi/g in the discrete sample 
from the portion of the survey grid with the highest reading during the walkover. Post-remedial 
action concentrations of thorium-232 were 0.5 1 pCi/g in the composite soil sample and 1.42 pCi/g 
in the discrete sample from the portion of the survey grid with the highest reading during the 
walkover. Post-remedial action concentrations of radium-226 were 0.42 pCi/g in the composite 
soil sample and 1.16 pCi/g in the discrete sample from the portion of the survey grid with the 
highest reading during the walkover. 

Excavation 10 was an area of soil contamination beneath Building A-l adjacent to Building 
A. During site remediation the Building A-l slab was broken up, walked over with scanning 
instruments, and subslab contaminated soil was discovered (Figure 4-l). This area was excavated 
to a depth of approximately six feet. Due to the small size of this excavation (smaller than a survey 
grid) one composite sample and one discrete sample (from the area of highest walkover instrument 
reading) were taken. As shown in Table D-9, the post-remedial action concentration of 
uranium-238 was 4.18 pCi/g in the composite soil sample and 1.52 pCi/g in the discrete soil 
sample. The post-remedial action concentration of thorium-232 was 1.08 pCi/g in the composite 
soil sample and 2.2 pCi/g in the discrete soil sample. The post-remedial action concentration of 
radium-226 was 1.03 pCi/g in the composite sample and 2.62 pCi/g in the discrete sample. 

Excavation 11 was an area of soil contamination beneath Building A-l that was not 
contiguous with Excavation 10. During site remediation, contaminated soil was discovered here 
(Figure 4-l) and was excavated to a depth of approximately seven ft. Due to the small size of this 
excavation (smaller than a survey grid) one composite sample and one discrete sample (corn the 
area of highest walkover instrument reading) were taken. As shown in Table D-9, the post- 
remedial action concentration of uranium-238 was 3.89 pCi/g in the composite soil sample and 
22.5 1 pCi/g in the discrete soil sample. The post-remedial action concentration of thorium-232 
was 2.46 pCi/g in the composite soil sample and 0.90 pCi/g in the discrete soil sample. The post- 
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remedial action concentration of radium-226 was 2.69 pCi/g in the composite sample and 
1 .Ol pCi/g in the discrete sample. 

4.3 OTHERAREASOFREMEDIATION 

Several other areas of the site were addressed during remediation as follows. 

To demonstrate that the soil beneath the majority of Building A slab was uncontaminated, 
21 discrete samples were taken from various locations (see Figure 4-l). Uranium-238 
concentrations in these soil samples ranged from 2.40 to 10.20 pCi/g (average 3.88 pCi/g). 
Concentrations of thorium-232 ranged from 0.60 to 2.50 pCi/g (average 1.50 pCi/g), and 
radium-226 concentrations ranged from 0.48 to 2.70 pCi/g (average 1.83 pCi/g) (see Table D-10). 

The bank of retort ovens in Building A exhausted into a tunnel directly beneath the building 
(Figure 4-l). The tunnel contained radioactively contaminated material that was also contaminated 
with asbestos. The asbestos-contaminated material was removed by Morton from the retort tunnel, 
bagged, packaged in accordance with 49 CFR 173.1050 and Occupational Safety and Health 
Administration (OSHA) regulations in 29 CFR 1926.110 1, and shipped for disposal as low-level 
radioactive waste at a commercial disposal facility. All asbestos work was performed in 
accordance with applicable OSHA and Massachusetts State standards to protect workers from 
inadvertent exposure to the asbestos material. 

The seawall at the Ventron site is on the order of 100 years old and is composed primarily of 
granite boulders stacked one on another to a height of approximately 12 ft. The seawall is roughly 
640 ft long and forms the western and southern boundaries of the site. The thickness of the wall 
varies from about four feet at the base to about two feet at the top and is estimated to be 20 percent 
void space. 

Residual contamination within the seawall could not be remediated because of its stability 
and safety concerns. To estimate potential concentrations of total uranium in the rubble if the 
seawall were demolished, a calculation was performed using data obtained during remedial action. 
The total activity on the outer surfaces of the rocks was assumed to be dispersed throughout the 
rubble. The calculation results indicated that the total uranium concentration in the rubble (0.72 
pCi/g total uranium) would be less than 1 percent of the volumetric soil guideline of 100 pCi/g 
established for the Ventron site (BNI 1997). Based on results of the calculation, total uranium 
concentrations for the seawall are below applicable guidelines, and the seawall required no further 
action. 
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5.0 SUPPLEMENTAL SAMPLING TO CONFIRM DATA SUFFICIENCY 

Because of concerns about the final radiological status of the Ventron site, additional 
sampling was performed during July 1997. Seven onsite boreholes and three boreholes in the 
harbor were drilled and sampled (see Figure 5-l and Table 5-l). Samples were collected from 
each 1 -ft increment until refusal for the onsite boreholes. The majority of the samples in the harbor 
were collected in 6-m increments, with one sample being collected from a 1 -ft increment. All 
samples were analyzed for uranium-238, radium-226, and thorium-232. 

Uranium-23 8 concentrations in the onsite soil samples ranged from 1.14 to 24.57 pCi/g 
(average 6.24 pCi/g). Concentrations of thorium-232 ranged from 0.50 to 1.77 pCi/g (average 
0.82 pCi/g), and radium-226 concentrations ranged from 0.51 to 2.09 pCi/g (average 0.73 pCi/g). 

Uranium-23 8 concentrations in the harbor soil samples ranged from 2.39 to 13.17 pCi/g 
(average 5.30 pCi/g). Concentrations of thorium-232 ranged from 0.38 to 0.60 pCi/g (average 
0.49 pCi/g), and radium-226 concentrations ranged from 0.36 to 0.59 pCi/g (average 0.43 pCi/g). 

All supplemental sample results were well below the cleanup criteria of 50 pCi/g U-238; 
5 pCi/g thorium-232; and 5 pCi/g radium-226. This supplemental post-remedial action data 
addresses the issues concerning the sufficiency of the data to demonstrate site-wide compliance 
with the cleanup criteria. The report on this activity is provided as Appendix C. 
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Table 5-l 
Post-Remedial Action Data, July 1997 Supplemental Sampling 

I I I I --- g I 
g 

I 
2 (Alfa Buildin ) 4.15 +I- 0.93 0.55 +/- 0.06 0.52 +/-0.04 

; 2 i (Alfa IAlfaBuildin:) Building) 1 : 127-RS-0807 127-RS-0808 / 2-3 l-2 8.57 +/- 1.18 0.72 +/- 0.06 1 1 0.55 +/-0.04 ’ 1 16.29+/- 1.67 1 0.61 +/- 0.06 1 0.61 +/-0.04 
Alfa Building) I’ i 127-RS-0814 1 3 - 3.75 1 12.42 +I- 1.49 1 0.74 +I- 0.06 1 I 0.55 +/- 0.04 

I I I I I I I 
3 (Alfa Building) , t 127-RS-0809 1 , O-l I 11.70+/- 1.49 I 0.71 +/-t-I.07 I o.hh+/-n~nP I _. ._ 

1 24.57+/- 1.24 1 --. - ---. 
-_-- . -.-. 

3 (Alfa Buildinscl t 127-RS-0810 1 1-2 O-67+/-0.06 1 0.63 +I- 0.04 
t 

\ "I I I 

3 (Alfa Buildinn) ! 127-RS-0811 1 G-1 
- ..- _.- -.. 

I 13-11 +/-1 ?I I nr t ~~~ (Alfa \ ~ ~~~ Building) -m-q, / 1 --. --- ---- 1 - - --.-- . *.-- , v.51 +/- 0.06 1 0.60+/-0.04 1 3 1 
27-RS-0812 

t ~ / 1 1 
3-4 

1 1 
17.33 +/- 1.73 

1 1 
0.73 +/-0.07 

1 / 
0.61+/-0.04 

3 (Alfa Building) 127-RS-0813 4-5 14.35 +/- 1.59 0.66 +/- 0.07 0.61 +/- 0.04 

4 (Building; A/C Area) 1 127~RS-0815 1 o-1 1 2.24+/- 1.04 1 1.16+/-t-1.07 1 1.39+/-~M 

(Building Areaj 1 r -.-- ---- 4 A/C 127-RS-08 16 l-2 x4.08 1.77+/-0.10 1 2.09+/-0.08 

4 (Building A/C Area) 1 127-RS-08 17 2-3 4.71 +/- 1.22 0.97 +/- 0.08 1 1.08 +/-0.05 

4 (Building A/C Area) 127-RS-0818 3-4 2.94+/- 1.39 _I-. 1 1 1 1.59 +/- 0.09 1 1.35 +/-0.06 
I I I I 

6 (Building A/C Area) i 
I I 

127-RS-0823 1 o-1 a.17 0.56 +/- 0.06 0.65 +/- 0.04 

6 (Building A/C Area) 1 127-RS-0824 l-2 1.14 +/- 0.96 0.57+/- 0.06 0.62 +I- 0.04 

6 (Building A/C Area) 1 127-RS-0825 2-3 1.77 +/- 0.94 0.78 +I- 0.06 0.69 +I- 0.04 

6 (Building A/C Area) [ 127-RS-0826 3-4 4.19 +/- 1.24 0.90 +/- 0.07 0.64 +I- 0.04 

6 (Building A/C Area) 1 127-RS-0827 4-5 2.77+/- 1.19 0.74 +/- 0.07 0.71 +/- 0.04 / . 

27-RS-0830 I 2-3 c3.37 0.84-V-0.07 1 0.56+/-0.05 1 
7 (Building A/C Area) i 27-RS-083 1 1 3-4 1 2.79+/- 1.14 1 0.86-V-0.07 1 0.72+/-0.05 

I 1 I I I 
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Table 5-l (continued) 

I Harbor I I I I I I 

10 (Grid 16) 127~M-0835 j 2 - 2.5 13.17 +/- 1.26 0.52 +/- 0.06 0.39 +/- 0.04 
10 (Grid 16) 127~FtS-0836 1 2.5 - 3 1 5.68 +/- 0.96 0.38 +/- 0.06 0.36 +/- 0.03 .- 
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6.0 POST-REMEDIAL ACTION STATUS 

Analytical results of post-remedial action surveys indicate that the levels of radioactivity in 
the remediated areas are in compliance with applicable cleanup guidelines for radioactive 
contamination. The IVC reviewed the post-remedial action survey methods and results to 
determine whether the radiological measurements confirm that the remediated areas comply with 
the guidelines established for the site. 

The IVC is responsible for preparing a plan outlining the procedures used in conducting 
verification activities. These procedures specify a verification process requiring two methods of 
review (Types A and B). Type A verification consists of reviewing the post-remedial action 
survey results and collecting and analyzing additional samples as required. The Type B 
verification review consists of an independent site survey by the IVC including direct radiological 
measurements, review of post-remedial action survey methods and results, sampling, and 
laboratory analysis of separate soil samples. The IVC conducted both types of review, in full 
conformance with the approved verification plan. 

After completing the verification study, the IVC will report its findings and 
recommendations to DOE. DOE will review the report to verify that the remedial action was 
successful. The IVC’s published verification report will then become part of the CERCLA 
Administrative Record file for the Ventron site. 

FinalVentronPRAR 30 



 

REFERENCES 

BNI (Bechtel National, Inc.), 1988. "Site Plan for Ventron Division of Morton Thiokol, Inc., 
Beverly, Massachusetts," DOE/OR/20722-117, Revision 1, Oak Ridge, Tenn. (July). 

BNI, 1995. "Post-Remedial Action Survey Plan for the Ventron Harbor," CCN 133725 (August). 

BNI, 1996. "FUSRAP PRASP Implementation for the Ventron Site," CCN 144008 (July). 

BNI, 1.997. "Total Uranium in Seawall Rubble at the Ventron Site," Calculation No. 127-CV-07, 
Rev. 0, Oak Ridge, TN, (September). 

DOE (U.S. Department of Energy), 1990. "Radiation Protection of the Public and the 
Environment," DOE Order 5400.5, Chapter IV, Residual Radioactive Material, Office of 
Environment, Safety, and Health, Washington, D. C. (February). 

DOE, 1993. Letter from A. Williams (DOE-HQ) to L. Price (DOE-FSRD), "Uranium Guidelines 
for Ventron Site, Beverly, MA," CCN 108174, September 1. 

DOE, 1995. "Characterization Report for the Ventron Site, Beverly, Massachusetts," 
DOE/OR/21950-1011, Oak Ridge, Tenn. (December). 

DOE, 1996a. Letters from J. Kopotic (DOE-FSRD) to L. Alexander (Massachusetts Department of 
Environmental Protection) and T. O'Connell (Massachusetts Department of Health), "Ventron 
Site Transmittal of Dose Calculation and Remedial Action Approach," CCN 140242, March 
15, 1996, with attachment CCN 140210, March 18, 1996, and CCN 142718, May 30. 

DOE, 1996b. "Engineering Evaluation/Cost Analysis for the Ventron Site, Beverly, 
Massachusetts," DOE/OR/21950-1014, Oak Ridge, Tenn. (May). 

DOE, 1996c. Letter from J. Kopotic (DOE-FSRD) to A. Raddatz (Morton International), "Ventron 
Site – Disposal of Building Demolition Debris," CCN 142976, June 3. 

DOE, 1996d. Memorandum from A. Johnson (DOE-HQ) to L. Price (DOE-FSRD), "Ventron -
Approval of Proposed Remediation Approach for Residual Radioactive Material," CCN 
142335, May 17. 

 
FinalVentronPRAR R-1 

http://www.lm.doe.gov/Considered_Sites/references/ven1.pdf
http://www.lm.doe.gov/Considered_Sites/references/ven6.pdf
http://www.lm.doe.gov/Considered_Sites/references/ven7.pdf
http://www.lm.doe.gov/Considered_Sites/references/ven8.pdf
http://www.lm.doe.gov/Considered_Sites/references/ven9.pdf
http://www.lm.doe.gov/Considered_Sites/references/ven10.pdf
http://www.lm.doe.gov/Considered_Sites/references/ven11.pdf
http://www.lm.doe.gov/Considered_Sites/references/ven2.pdf


 

DOE, 1997a. Memorandum from J. Kopotic (DOE-FSRD) to A. Williams (DOE-HQ), "Request 
for Approval of Proposed Remediation Approach for Residual Radioactive Material at the 
Ventron Site," CCN 127-GOA-GAM-00006, September 22. 

DOE, 1997b. Memorandum from A. Johnson (DOE-HQ) to W. Seay (DOE-FSRD), "Ratification, 
Confirmation, and Changes to Supplemental Standards for Residual Radioactive Material at the 
Ventron Site, Beverly, Massachusetts," CCN 127-GOA-GAM-00007, September 29. 

DoD, DOE, EPA, NRC, 2000. Table 6.7, "Nal (TI) Scintillation Detector Scan MDCs for 
Common Radiological Contaminants," Multi-Agency Radiation Survey and Site Investigation 
Manual, Revision 1, p. 6-47 (August). 

MDEP (Massachusetts Department of Environmental Protection), 1996a. Letter from L. 
Alexander (MDEP) to J. Kopotic (DOE-FSRD), "Demolition of Building A & A-1; Risk 
Characterization Report," CCN 143797, June 21. 

MDPH (Massachusetts Department of Public Health), 1996b. Letter from T. O'Connell to J. 
Koptic (DOE), "Approval of Remediation Approach," CNN 143840, June 21. 

ORNL (Oak Ridge National Laboratory), 1988. "Results of the Radiological Survey at the 
Ventron Site, Beverly, Massachusetts," ORNL/TM-10053, Oak Ridge, Tenn. (May). 

FinalVentronPRAR R-2

http://www.lm.doe.gov/Considered_Sites/references/ven12.pdf
http://www.lm.doe.gov/Considered_Sites/references/ven13.pdf
http://www.lm.doe.gov/Considered_Sites/references/ven17.pdf
http://www.lm.doe.gov/Considered_Sites/references/ven15.pdf
http://www.lm.doe.gov/Considered_Sites/references/ven16.pdf


GLOSSARY 

Alpha-emitting - See Radiation. 

Ambient Background Radiation - Ambient background radiation refers to naturally occurring 
radiation emitted from either cosmic (i.e., from the sun) or terrestrial (i.e., from the earth) sources. 
Exposure to this type of radiation is unavoidable, and its level varies greatly depending on 
geographic location. For example, New Jersey typically receives 100 mremy, Colorado receives 
about 115 mremy, and some areas in South America receive up to 7,000 mrern/y. Naturally 
occurring terrestrial radionuclides include uranium, radium, potassium, and thorium (see 
Radionuclide). The dose levels do not include the concentrations of naturally occurring radon 
inside buildings. 

Beta/gamma-emitting - See Radiation. 

Centimeter - A centimeter (cm) is a metric unit of measure for length; 1 in. is equal to 2.54 cm; 
1 ft is equal to approximately 30 cm. 

Contamination - The term “contamination” is used generally to mean a concentration of one or 
more radioactive materials that exceeds naturally occurring levels. Contamination may or may not 
exceed the DOE cleanup guidelines. 

Disintegrations per minute - Disintegrations per minute (dpm) is the measurement indicating the 
amount of radiation being released from a substance per minute. 

Dose - As used in this report, dose is actually dose equivalent and is used to relate absorbed dose 
(mrad) to an effect on the body. Dose is measured in millirems (mrem). For comparison, a dose of 
500,000 mrem to the whole body within a sort time causes death in 50 percent of the people who 
receive it; a dose of 5,000,OOO mrem may be delivered to a cancerous tumor during radiation 
treatment; normal background radiation at or near sea level results in an annual dose of about 
100 mrem; DOE radiation protection standards limit the dose that may be received by members of 
the general public to 100 mremy above background levels; living in a brick house typically results 
in a dose of about 75 mrem/y above the background level. 

Exposure Rate - Exposure rate is the rate at which radiation imparts energy to the air. Exposure is 
typically measured in microroentgens (yR), and exposure rate is typically expressed as @X/h. The 
dose to the whole body can be approximated by multiplying the exposure rate by the number of 
hours of exposure. For example, if an individual were exposed to gamma radiation at a rate of 20 
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@Z/h for 168 h/week (continuous exposure) for 52 weeks/y, the whole-body dose would be 
approximately 175 mremy. 

Gamma Radiation - See Radiation. 

Meter - A meter (m) is a metric unit of length; 1 m is equal to approximately 39 in. 

Microroentgen - A microroentgen (uR) is a unit used to measure radiation exposure. For further 
information, see Exposure Rate. 

Millirem - The millirem (mrem) is the unit used to measure radiation dose to man. The DOE dose 
limit is 100 rnrem above background radiation levels within any 1 -year period for members of the 
general public. Naturally occurring radioactive substances in the ground result in a yearly 
exposure of about 100 mrem to each member of the population. To date, no difference can be 
detected between the health of population groups exposed to 100 mrem/y above background and 
the health of groups who are not exposed. 

Natural Background Radiation - Natural background radiation refers to radiation emitted from 
the naturally occurring radionuclides found in manmade materials. The concentrations of the 
radionuclide, and thus the radiation, will vary widely because of variations in the composition of 
the materials. 

Radiation - There are three primary types of radiation: alpha, beta, and gamma. Alpha radiation 
travels less than an inch in air before it stops, and it cannot penetrate the outer layers of human 
skin. Beta radiation can penetrate the outer layers of skin but cannot reach the internal organs. 
Gamma radiation, the most penetrating type, can usually reach the internal organs. 

Radionuclide - Radioactive elements are also referred to as radionuclides. For example, 
uranium-235 is a radionuclide, uranium-238 is another, thorium-232 is another, and so on. 

Remedial Action - Remedial action is a general term used to mean “cleanup of contamination that 
exceeds DOE guidelines.” It refers to any action required so that a property may be certified as 
being in compliance with guidelines and may therefore be released for future use. Remedial action 
also includes restoring remediated properties to their original conditions as far as possible. 

Uranium - Uranium is a naturally occurring radioactive element. The principal use of refined 
uranium is for the production of fuel for nuclear reactors. Uranium in its natural form is not 
suitable for use as a fuel source. 

FialVentronFJRAR G-2 



APPENDIX A 

DOE/MORTON MEMORANDUM OF AGREEMENT 

FinalVentronPRAR 



Department of Energy 

Oak Ridge Operations Office 
P.O. Box 2001 

Oak Ridge, Tennessee 37831- 

May 9, 1996 

James 1. Fwrholzr 
President, hkntcu Adhesives and Chemical Specialties 
A4atonrlltemd~Inc. 
100 North Riverside Plaza 
Chicago, Illinois t%O6-1598 

Dear Mr. Fuerholzex 

‘VEmON SITE - MEMOl%ANDUM OF AGREEMENT 

8723 

I42126 

237 

Enclosed is the final signed Memorandum of Agreement (MO& supporting upcoming remediation activities 
at the Vex&on Site. I appreciate you and your staffs efforts in developing this mutually beneficial document 
which also sqmrts the acceleration of the Department of Energy’s (DOE) planned remediation activities at 
the site. DOE is cunr&ly planning on mobilizing to the site by mid-June 1996, following Morton’s 
completion of the building demolition effort, with a planned completion in Fall 1996. 

On March 27,1996, a meeting was held at the site with state personnel to tour the site and discuss planned 
remediation activities. Representatives inch&xi Morton International, Massachusetts Departments of 
Entinmental Pro&x&on and Radiation Control, and DOE. State personnel were in agreement with the 
planned remediation approach, but requested additional monitoring which DOE agreed to do. 

Again, I appnxiate Morton’s efforts in helping to develop the MOA, and I look forward to working with your 
stafftowardthe successll remedidon of the site. It has been a pleasure working with Aiicia Raddatz of 
your w and I will continue to wordinate all aspects of DOE’s remediation a&i&s at the site with her. 
Because the MOA addwses joint DOE and Morton responsibilities, I want to stress the impo&ncc of close 
codnation between Matcm and DOE to ensure we keep State and Federal officials/agencies, public, and 
otha stakeholders tx!cmtely inhmcd of our activities and progress at the site. 

IfyouhaveImyquestions~~MOAorDOE’snmbdiationplansatthesi~IcanbcPeachat 
(423) 576-9441. 

P D. Kopotic, Site Manager 
Former Sites R&oration Division 

ccw/enclosure: 
. AS.J&nson,EM421,CL 



MEMO&WINJM OF AGREEMENT 

MORTON INTERNATIONAL, INC. (the “Owner”) owns certain real property 
located in Beverly, Massachusetts, identified as Parcel No. 1 shown on City of Beverly 
hqerty No. 1 and filed in Deed Book 10091, page 339 in the records of Essex County, 
Massachusetts, and shown on the attached Exhibit 1 (the “Premises”). 

The Department of Energy (the “DOE”) is conducting remedial ~tion at sites, 
including the Premises, used by contractors and/or subcontractors to the Manhattan 
Engineer District and the Atomic Energy Commission, as part of the Formerly Utilized 
Sites Remedial Action Program (“FUSRAP”). 

DOE has previously defined the extent of contamination of the Premises. The 
following is an agreement reached between the parties of some of the actions to be 
undertaken by the parties in order that the remediation of the Premises can be 
acoomplished: 

1. The Owner will demolish and remove at its expense Buildings B and C (as 
shown in Exhibit 1) and any equipment located therein, and disconnect 
power service to the buildings and remove associated service lines and. 
poles. These buildings are not contaminated with radioactive materials. 
However, the soils underneath Buildings B and C are contaminated, and the 
DOE will remediate radioactively contaminated soiL The Owner expects 
that the demolition and removal of Buildings B and C will be completed by 
the end of May 1996. DOE expects to initiate soii remediation activities 
within 4 weeks after Buildings B and C have been demolished and 
removed 

As necessary, DOE will decontaminate radioactive interior portions of 
Buildings A, A-l, and J (former A& Laboratory, as shown in Exhibit 1) 
and any radioactive equipm&tlocated therein. Upon completion of such 
decontammation the Owner wiIl demolish and remove Buildings A, A-l, J 
and the equipment located therein. After Buildings A, A-l, and J have been 
demolished and removed, DOE will initiate remediation of radioactive soils 
beneath or surrounding Buildings A, A-l, and J. DOE will dispose of 
eoactive residues resulting from the decontamination of Buildings A, A- 
l, and J. 

Any buildings to be demolished by the Owner will be taken down to the 
basement floor slab; including any support structures. DOE will have 

1 

c i. 
_. . . 

,: .I 



4. 

5. 

6. 

7. 
.,, 

responsibility for decontamiuating (or otherwise remediating) the 
radiological component of building foundations .tid subsurface utibties and 
structures and for disposing of any such foundations and subsrnface utilities 
and structures that remain radioactive above the clean-up criteria agreed to 
by DOE and the Commonwealth of Massachusetts Departments of 
Environmental Protection and Public Health, Radiation Control Program 
(hereinafter “clean-up criteria”). DOE vSll remove any building 
foundations and subsurface utilities,or structures that it needs in order to get 
to radioactive contamination. If such removed foundations and subsurface 
utilities and structures are not radioactive contaminated above clean-up 
criteria their ultimate disposition will be the responsibility of the Owner. 

DOE will be responsible for the remediation, decontamination, and 
disposition of radiological contamination above clean-up criteria and any 
non-radiological contaminants that are mixed with such radiological 
comam&aticur, whether located in or under Buildings A, A-l, B,, C, or J, or 
elsewhere on the Premises. 

DOE’s responsibilities under this agreement will be limited to remediation, 
decontamination, and disposition of radiological contamin:~&on above 
clean-up criteria and any non-radiological contaminants that are mixed with 
such radiological contamination, and the owner will be responsible for the 

: disposition of any materials remediated or decontaminated in accordance 
with the clean-up criteria. 

Upon completion of the work by DOE, the Owner will, where necessary, 
backfill, grade and seed the site. DOE expects to notify the Owner in 
writing, based on existing data, that the Premises meet applicable cleanup 
criteria, within 6 months of completion of the remediation wo& 

‘/ 

DOE expects to begin its remediation activities in May 1996 with a 
tentative remediation time of 6 to 8 months. DOE expects to provide a . 

,t 1. copy of the Post Remedial Action Report to the Owner within 18 months . . . .i ‘:: 
‘after completion of all remediation activities. 

: 

8. ‘The Owner has appointed Alicia Raddatz as the person on site to be 
,,‘. ;~ ::, contacted by the DOB for matters pertaining to the remediation vvork., The . . j! 

?~~~~“~‘, “jj& has’ appo&,d Jim Kopotic k he person to be wntickd ‘by the 

;. i ,;, ~~andits 

; contractors for matters pertaining to the’remediation work. 



9. 

10. 

. 11. 

. . . 

12. 

142126 -tccf)irs-g” 1 
b 
I 

Obligations of the DOE under this agreement are subject to the Anti- 
Deficiency Act, 31 USC Section 1341, as amended, aud to &2e avaiiabi!ity 
of funds appropriated by Congress which DOE may legally spend for such 

i 

purposes and nothing in this agreement implies that Congress shall k 

appropriate such funds. i i 

Access to the Premises and the work to be performed by the DOE aud/or its 
contractors is governed by Real Estate License No. 7-95-0160, as amended, 
signed by the Owner on 3/20/96 . 

Each party reserves the right to renegotiate this Agreement in the event of 
significant changes in scope, cost, or discovery of uuknown factors. If the 
Parties, in good faith, are unable to agree to revisions of this Agreement in 
order to address such events, either Party may terminate this Agreemem by 
providing 30 days prior written notice to the other Party. 

DOE’s responsibilities under this agreement shall terminate when DOE 
issues the Federal Register notice and certification docket for the Premises. 

The parties hereto have executed the Memorandum of Agreement this & of 

f+f@- 19g6. 

THE UNITED STATES OF -RICA MORTON INTERNATIONAL, INC. 
By: DEPARTMENT OF ENERGY 

By: K P&L 

Title: &ZGZZY+ , 6 &k 
‘/&‘$4gd Odd. 

. 

” / . 
: 
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,. 
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127-96-602 
NO. 

.$;,“:$-q& 
FUS?? TECHNICAL BULLETIN 

I 
In-on 

This technical bulletin presents information chined during remedial action at the Ventron Site in 
Beverly, Massachusetts. The remedial acticn was limited to the harbor adjacent to the seawall that 
SurcOundS the site. 

Sehxtiin of Sampling Points 

A grid was established in the harbor in an attempt to establish as many 10 meter by 10 meter grids as 
possible since post remedial action sampling is performed in areas of 100 m* or less. The grid established 
is shown in Figure 1. Gne 25 plug composite sample was collected from each grid following FUSRAP 
protocol (191-IG-032). In addition to post remedial action samples, characterization samples were 
collected to assist in the control of the remedial action. The cleanup guideline for the VentrLn Site is 50 
pCi/g for U-238 (CCN 136542). 

Methodology 

Field Methods 

Field methods arc outlined in Work Instmction #95-156 and Post-Remedial Action Survev Plan for the 
Ventron Harbor (CCN 133725). The first activity was to establish a correlation between the FIDLER 
readings ami pCi/g. Based on these samples and background levels for the FIDLER a count rate of 20,000 
cpm was used as guidance in the field. The prc-remedial action walkover data is attached in Appendix I. 
After the walkover was completed areas above 20,000 cpm were targeted for excavation. Three areas 
were determined lo he elev.t!ed and are shown on figure 1. Excavations were completed in grids 15 and 
32 and post-remedial action samples were collected. ‘Ihe third area in grids 29 and 28 (Figure 1) was to 
extensive to be removed by manual methods so excavation was halted. This area will be addnssod when 
the onsite remedial action is initiated. Since contamination remains in grids 28 and 29 the adjacen: 
grids (30,44,45,46, and 20) were not released for independent verification. Post-remedial &on 
sampling WBS performed on all of the remaining grids. For each grid, 25 plugs per 100 m* were 
collected and composited into one sample. For grids less than 100 m2 the plugs were reduced 
proportionally and cornposited. Soil samples were sent to a dedicated gamma spectroscopy lab at the 
Wayne site. The Wayne lab provided a quick turn around time to assist decisicns made in the field. Splits 
of tk pad-remedial action samples were sent to the Oak Ridge Thermo NuTech Laboratory for fid 
analy&. Along with the composite post-remedial action samples boreholes were installed in areas where 
ORNL had previously detected subs&&e contamination and in random locations. The borehole locations 
arc shown in Figure 2. In addition to sampling, gamma exposure rate measurements were taken in each 
grid. 

,. 
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Quality control mcsum impkxnetted during this effort Wudc a Quality Assuana Assessment (QAA- 
1276-01). 

A~afthccompasitc~~ts~~iowninTpblc1aadborebokdatdtisEbowninT~le2. 
-wcpoEurcm mcasurc~~arcstmMinTable3. AscanbcsccninTablesland2allsoil 
results are below the U-23g guideli~ of SO pCi/g. T&k 4 lists the data package “D” numbers that were 
gawrrtadduringt.hiSCff0l-t. 

&unmrrv and Coadurisn~ 

Tkr post-remdial action data, indicate that all grids (l-19,21-27,31-43) meet the radhlogical relasc 
criteria for urueh%d use. Although the post-rernedial action data for grid 20 was below criteria the 
lVCrktectcdsomeelcvatedarcasinthegrid. Thcseareaswillbcaddread during&c site remedial 
action. 



TaMel 
Vsntfon Harbor Post-Remedial Action Sample Results 
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IL ‘YWJU~ LI 1 1.k T,' v. 73 0.45 +/- 0.10 0.35 +I- 0.08 
127950321 31 1 9.80 +/- 2.90 0.47 +i- 6.18 3.60 +I- 0.67 
127950331 33 -_ 1 4.20 +/- 1.30 ..- 0.52 +I- 0.10 CO.59 
4-vnrn.A I 
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I 
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34 
I 

I 
r9 Al-3 
-4.-U 0.44 +/- 0.13 0.59 +/- 0.15 

1 -70 0.43 +t- 0.13 0.67 +/- 0.11 
co.62 

0.20 1 
0.19 

l.OO+/-0.28 I 0.60+/-0.37 

I .- I 

127950351 I 43 1 1.30+/- 1.10 1 0.83 +/-0.17 1 0.6 



Table 2 
Yentmn Harbor Borehole Sample Results 
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Data Packages Generated During The Ventron 
Harbor Remedial Action 

D-23003 
D-23034 
D-23045 
D-23046 
D-23073 
D-23242 
D-23431 
D-23432 
D-22865 
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Introduction 

This technica! bulletin presents the data obtained from additional sampling performed 
during July 1997 at the Ventron site in Beverly. Massachusetts. This sampling was 
performed, based on direction from DOE-HQ (Ref. I), to close issues concerning the 
sufficiency of data to demonstrate site-wide compliance with the cleanup criteria. A 
sampling plan was agreed upon by BNI. FSRD. DOE-HQ, and ORISE prior to the 
initiation of sampling (Ref. 2). Other data collected to document the post remedial action 
status of the site can be found in the draft Post Remedial Action Report (Ref. 3) for the 
site. 

Descrimion 

Seven onsite boreholes and three boreholes in the harbor were drilled and sampled. The 
borehole locations are shown on Figure 1. Samples were collcctcd from cvcry one foot 
increment until refusal for the onsite boreholcs. The majority of the snmplcs in the 
harbor were collected in 6-inch increments with one sample being collcctcd from a WC 
foot increment. All samples were analyzed for U-238. Ra-226. and ‘1‘11-332. Siltllplc 
analyses results and depths are shown in Table 1. 

I lnrbor 

3 borcholcs (8.9. IO) wcrc sampled. Sampling begun below the bucktill that was plucctl in 
the harbor by Morton following their mercury rcmovnl acrion. The purposa of this 
sampling was to cnsurc that contamination was no1 prcscn~ at depth due to scdir!~cnt 
deposition resulting from normal tidal cycles. Data Tar U-238. the primilfy contaminant. 
mngcd from -4.39 to 13. I7 pCi/p. 

ALFA 13uilding Arcn 

3 borcholes ( 12.3) \vcrc sampled. Samples wtrc collccrcd and analyzed from surface to 
refusal. This area was investigated due to an clcvatcd sample from charactcriy,ation 
borehole B29. Results for (J-238 ranged from I .%3 to 24.57 pCi/g. 



k 

Building AK Arca 

4 boreholes (4.5.6.7) were sampled. Samples were collected and analyzed from surf& 
to borehole refusal. This area was sampled due to a lack of data density in the area. as 
well as elevated results from characterization boreholes B42 and B48. Results for U-238 
ranged from 1.14 to 5. IO pCi/g. 

Conclusion 

As shown by the data presented in Table 1. all sample results are well below the cleanup 
criteria ,of 100 pCi/g total U (50 pCi/g U-238). With the collection of this data. all areas 
of the site including the 3 areas in question. have been addressed and compliance with the 
site cleanup criteria has been demonstrated. Figure 2 shows a compilation ofall “clean 
data“ (characterization and remedial action) collected front the Ventron site vvhich 
illustrates the sufficiency ofdata for the site to be rclcased without radiological 
restrictions. 

References: 

1) Bechtel National. Inc. Ventron Sam&c! Plan. July 1997 

2) Bechtel National. Inc. Post-Remedial Action Rcnorr for the Remedial Action at the 
Ventron Site ( 1st draft). May 1997 

3) Johnson. Albert S. to Stay. W. mlution of Open Issues at Ventron Site. 13cver]v, 
Massachusetts. June 1997 
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Table ? 
Sample Results From July 1997 

Borehole # Sample ID Depth (ft) Ra-226 Th-232 U-238 

Onsite 
1 127RS0800 O-l 0.55 +I- 0.04 0.60 +I- 0.06 <2.55 . 

127RS080i' l-2 0.64 +I- 0.05 0.78 +I- 0.07 4.30 +I- 1 36 

127RS0802‘ 2-3 0.65 +l- 0.04 0.51 +I- 0.06 6.61 +l- 1.2E 
127RS0803 3-4 0.65 +I- 0.04 0.65 +I- 0.06 3.31 +I- l.OC 
127RS0804 4-5 0.65 +I-0.05 0.61 +I- 0.07 1.58 +I- l.Oe 

127RS0805' 5-5.5 0.51 +I- 0.05 0.61 +I- 0.07 2.27 +I- 1.12 

2 127RS0806' o-1 0.52 +I- 0.04 0.55 +I- 0.06 4.15 +I- 0.93 
127RS0807 1-2 0.55 +I- 0.04 0.72 +I- 0.06 8.57 +I- 1.18 
127RS0808' 2-3 0.61 +I- 0.04 0.61 +I- 0.06 16.29 +I- I.6 

'127RS0814 3-3.75 0.55 H-O.04 0.74 +I-0.06 12.42 +I- 1.4! 

3 127RS0809 O-l 0.66 +I-0.04 0.71 +I-0.07 11.70 +/- 1.4! 
127RS0810' l-2 0.63 +I- 0.04 0.67 +!- 0.06 24.57 +I- I.21 
127RS0811' 2-3 0.60 H-O.04 0.61 +l- 0.06 13.11 +I- 1.3' 
127RS0812 3-P 0.61 +I- 0.04 0.73 +I-0.07 17.22 +I- 1.7: 

127RS0813 4-5 0.61 +I- 0.04 0.66 +I- 0.07 14.35 +I- 1.5: 

4 127RS0815' O-l 1.39 +I- 0.06 1.16 +I- 0.07 2.24 +I- 1.04 
127RS0816 l-2 2.09 +I- 0.08 1.77 +I- 6.10 ~4.08 
127RS0817 2-3 1.08 +I- 0.05 4.71 +I- 1.22 
127RS0818' 

0.97 +I-0.08 
3-4 1.35 +l-o.os 1.59 +I-0.09 2.94 +/- 1.39 

5 127RSO819 o-1 0.55 +I- 0.04 0.50 +I- 0.05 c2.95 
127RS0820 l-2 0.74 +I- 0.05 0.71 +I- 0.06 2.98 +I- 1.37 
127RS0821 2-3 0.73 +I- 0.05 0.68 +I- 0.06 4.28 +I- 1.09 
127RS0822 3-4 0.78 +I- 0 05 0.81 +I- 0.07 5.10 +I- 1.13 

6 127RS0823 O-l 0.65 +I- 0.04 0.56 +I- 0.06 c3.17 
127RS0824 l-2 0.62 +I- 0.04 0.57 +I- 0.06 1.14 tl- 0.96 
127RS0825 2-3 0.69 +I- b.04 0 78 +I- 0.06 1.77 +I- 0.94 
127RS0826' 3-4 0.64 +I- 0.04 0.90 +I- 0.07 4.19 +I- 1.24 
127RS0827 4-5 0.71 +I-0.04 0.74 +I- 0.07 2.77 +I- 1.19 

7 127RS0828 O-1 0.51 +I- 004 069 +I- 0.06 3,72 +I- 1.01 
127RS0829 l-2 066 *I-O 04 067 +I- 0.07 3.90 +b 1 25 

127RS0830 2-3 0 56 +I- 0 05 0 84 +I- 0.07 <3.37 
127RS0831 3-4 0 72 +I- 005 086 +I- 0.07 2.79 +/- 1.14 

Harbor 
8 127RS0832 2-3 043+/-004 060.1-006 ~2.55 

127RS0833 3-3.5 0.37 +I-004 0.44 +I- 0 05 c2.39 

9 127RS0834 2-2.5 0 59 +t- 0.04 0.53 +I- 0.06 ~2.72 

10 127RS0835 2-2.5 0.39 +I-0.04 0 52 0.06 +I- 13.17 +I- 1.2E 

127RS0836 2.5-3 0.36 +J- 0 03 0.33 +I- 0.06 5.68 0.96 +I- 

i. t 
f 
t i L, i I 
I 
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i 
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Table D-l 
Buildings A and A-l Demolition Data 

127~RS-098 Quadrant A 4.50 0.57 +/- 0.08 f 0.43 +/- 0.05 
127~RS-099 Quadrant A 1 cl.30 1 0.53 +/- 0.08 1 0.43 +/- 0.04 
127-RS- 100 Ouadrant A 4.3-I 0.70 +/- 0.10 0.36 +/- 0.05 
127-RS-101 1 Ouadrant A (2.10 TO.63 +/- 0.13 0.59 +/- 0.06 
127-RS-102 1 Quadra 

127-RS-108 1 Quadrant B 1 3.60 +/- 1.30 1 CO.98 I 0.95 +/- 0.14 
127-RS-109 1 GuadrantB 1 3.10+/- 1.60 cl.30 1.20 +/- 0.15 
127-RS-110 1 Quadrant B a.60 0.95 +/- 0.14 0.90 +/- 0.08 
127-RS-111 1 Quadrant B c3.70 Il.10 +/- 0.16 0.78 +/- 0.11 
127-RS-112 Quadrant B 1 1.30 +/- 1.00 1.10 +/- 0.16 1.00 +/- 0.10 
127-RS- 113 Ouadrant B <3 -40 0.88 +/- 0.18 0.67 +/- 0.09 

127-RS-118 2.40 TO.85 +/- 0.15 0.62 +/- 0.07 1 Quadrant C < I 
127~RS-119 1 Quadrant C 1 a.70 1 0.82 +/- 0 

&adrant 
1.15 0.57 +/- 0.08 

127-RS-120 1 C 1 cl.90 0.71 +/- 0.12 0.55 +/- 0.06 
127-RS 1-121 I Ouadrant C I 2.80 +/- 1.30 0.89 +/- 0.19 0.76 +/- 0.13 - 
127-RS-122 1 Quadrant C 

duadrant 
1.70 +/- Ox I co.75 0.73 +/- 0.09 

127-RS-123 1 C 1 ~3.60 1 0.94 +/- 0.20 0.74 +/- 0.10 
127-RS-124 1 Quadrant D I c3.50 1 0.91 +/- 0.24 0.98 +/- 0.13 

cl.10 CO.76 127-RS-125 1 
~-- 

Quadrant D 1 ~4.20 
127-RS-126 1 

I 
Quadrant D 1 c2.20 

:7X%127 1 Quadrant D t a.40 co.61 1 0.63 +/- 0.08 

- 
CO.58 

12 
I 0.45 +/- 0.07 

1 &adrant 
, 

127-RS-128 D ( c3.00 co.76 1 0.42 +/- 0.09 
127-RS-129 1 Quadrant D 1 G.10 co.53 0.38 +/- 0.07 
127-RS-130 1 Ouadrant D 1 1.20 +/- 0.87 CO.78 co.51 
127-RS-131 1 &adrant D 

I ---- ---’ f 
I 

1 
c3.50 co.95 co.60 I 

127~RS-132 &adrantD 1 ~3.20 0.50 +/- 0.16 1 0.54 +/- 0.10 
127-RS-133 QuadrantD 1 co.90 CO.23 co.16 
127~RS-134 Ouadrant D 1 CO.84 CO.24 co.16 I 
127-RS-135 I l$ile Grab 

I -.-. I 
e20 1 0.69+/-0.12 1 1.20+/-0.08 t 

127~RS-142 1 Quadrant E 1 cl.90 b.55 +/- 0.10 1 0.58 +/- 0.06 
127-RS-143 I Quadrant E f s2.40 0.43 +/- 0.11 1 co.37 
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Table D-l 
(continued) 

127~RS-144 I Quadrant E c2.70 0.90 +/- 0.13 1 0.61 +/- 0.07 
RS-145 I Ouadrant E 1 1.60 +/- 0.67 1 0.76 +/- 0.10 1 0.60 +/- 0.06 

I 127-RS-147 I Quadrant E I 2.40 +/- 0.77 1 c0.r 

127-I I 
127~RS-146 1 Guadrant E I 0.23 +/- 0.69 1 CO.76 0.52 +/- 0.08 

&rant 
I -16 0.30 +/- 0.06 

127-RS-148 1 E 1 a.80 1 0.54 +/- 0.12 0.46 +/- 0.07 
I 
I- 127-l 

6 1 12’7-RS-149 1 Quadrant E I 3.20 +/- 0.97 0.61 +/- 0.10 0.61 +/- 0.0 
KS-150 1 Quadrant E 1 1.70 +/- 0.80 CO.52 0.42 +/- 0.06 

Table D-Z 
Alfa Building (Building J) Demolition Data 
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Table D-3 
Post-Remedial Action Data, Excavations 1,2, and 3 

Excavation 1 (NW Corner of Site) 

Excavation 2 (Near Buildings A and A-l Slabs) 

Excavation 3 (Near Building E) 

FinalVentronFXAR D-3 
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Table D-4 
Post-Remedial Action Data, Excavation 4 

Alfa Building (Building J) 

2E-4S 1 127-RS-536 Discrete 1 15.11 +/-2.86 1 1.13+/-0.11 0.82 +/- 0.07 
2E-6S 1 127-RS-537 Discrete j 21.3 +/-3.04 1 1.12+/-0.11 0.89 +/- 0.07 
2E-8S 127-RS-53 8 Discrete 7.52 +I- 2.42 1 0.83 +/- 0.09 0.79 +/- 0.06 
2E - 10s 127~RS-539 Discrete 12.05 +/- 1.96 1 0.77 +/- 0.09 0.77 +/- 0.06 
2E - 12s 127-RS-540 Discrete 9.96 +/- 2.05 1 0.88 +/- 0.09 0.77 +/- 0.06 
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Table D-4 
(continued) 

34.93. +/- 3.66 1.17 +/- 0.10 
.27X+543 I Discrete 24.38 +/- 3.47 I 1.38 

4E-6S 
4E- 8s 
4E- 10s 
4E - 12s 

Z.60 0.89 +/- 0.11 0.78 +/- 0.06 1 
+/- 0.10 
+I- 0.08 

0.55 +/- 0.08 
4E- 
6E- 

127~RS-544 1 
127-RS-545 
127-RS-546 
127-RS-547 
127-RS-548 
127-RS-549 
127-RS-550 
127-RS-55 1 

Discrete 
Discrete 
Discrete 
Discrete 
Discrete 

16.69+/- ; 
11.47 +/- 2.39 0.88 
7.hh -!-I- 1.93 0.82 

Discrete 
0.79 
0.81 
0.66 

+/- 0.09 
“+/- 0.08 
+I- 0.08 

6E-4S 
127-RS-552 

Discrete 
Discrete 
Discrete 

..-- . 

0.74 +/- 1.90 
3.47 +/- 1.93 
0.58 +/- 2.06 

a.03 
0.65 +/- 1.94 

a.03 0.64 +/- 0.07 

0.76 +/- 
0.51 +I- 
0.49 +-I- 
0.45 +/- 

Discrete 

127-RS-556 1 Discrete 3.56+/- 1.72 0.98 
127~RS-557 1 ComDosite 16.96 +/- 2.67 

127-RS-559 1 Discrete 43.81 +I- 3.95 
127~RS-568 Highest Area 27.36 +/- 3.06 

.27-RS-570 Highest Area 38.08 +/- 3.48 1.4 - 
i-571 f Hkhest Area 24.87 +/- 

!7-RS-633 1 Composite i 26.67+/-2.17 1 
I I 

1 1 
I 

150E - 50s 127-RS-632 Composite 21.1 +/- 1.86 1 0.91 +/- 0.06 0.68 +/- 0.03 
16OE-50s 127~RS-630 1 Composite 1 13.51 +/- 1.94 1 0.79 +/- 0.07 0.7 +/- 0.04 
160E - 60s 1 127-RS-63 1 1 Composite 7.42 +/- 1.40 

1 1 
1 1 0.78 +/- 0.06 0.71 +/- 0.04 

Alfa Pit 127~RS-646 Composite 1 35.08 +/- 3.18 1 0.84+/- 0.08 , 0.61 +/- 0.05 , 
(150E - 50s) 

Bottom 
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Table D-5 
Post-Remedial Action Data, Excavation 5 (Harbor) 
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Table D-5 
(continued) 

Composite 1.30 +/- 1. 

I 0.60 +I- 0.37 1 1 

1 Grid 28 1 127-RS-181 1 Discrete I 3.3 +I-0.93 -I-/- 0.h 1 u 
0.39 +I- 0.08 1 0.37 +I- 0.05 

- ,#-I ’ 1.27 +I- 0.04 -- 
Grid 28 I 127-RS-182 ! Discrete I 5.6+/- 1.5 I 0.64+/- 0.10 1 0.43 +/- 0.06 Grid28 , ----I _^- -- I ~~ ^-- ,^-- 

UT/-KS-183 1 Discrete J.8 +I: 0.92 co.51 1 0.55 +/- 0.06 
LZ/-KY-I./l 1 Uiscrete 7.4 +I- 2.0 

ILL/-KS-l.16 
i27-RS-177 

Uiscrete 
Discrete 

3.4 +/- 0.10 
7.8 +I- 2.00 

1 lZ7-KS-179 j Discrete 8.5 +I- 2.2 co.39 U.26 +/- 0.04 

0.06 1 
.Z’/-KS- I W 1 Discrete 1 16.5 +I- 1.2 0.37 +I- O.lu <U.ZY 

.27-RS- 166 1 
1 1 --__I_ 

Discrete 1.3 +I- 0.61 0.59 +I- 0.10 1 0.88 +/- 
.27-RS- 167 Discrete C2.3 0.63+/-0.11 1 1.3+/-t 
.27-RS-168 Discrete 11.4 +I- 2.9 0.93 -I 

1.07 I 
-I- 0.12 1 0.69 +I- 0.07 -. % --- 

’ 0.07 
‘0.06 1 Grid30 1 

-- -- . _- 
127-K?& 169 1 Discrete 9.3 +/- 0.94 0.44 +I- 0.1 u 1 0.97 +/- 
127~RS-170 j Discrete 1.6 +I- 0.65 0.61 +I- 0.11 1 0.77 +/- 
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Table D-5 
(continued) 

1 Grid32 0.73 +I- 0.13 1 1.1 +I- 0.07 
0.57 +I- 0,ll 1 0.83 +I- 0.07 
0.89 +I- 0.14 1 0.9 +I- 0.08 

I- 0.12 1 0.81 +I- 0.06 
0.51 +/- 0.12 1 0.86 +I- 0.08 
0.74 +I- 0.11 I 1.14 +I- 0.07 
0.5 1 +I- 0.16 0.53 +I- 0.08 -.-- - [ 

ILL./-KS-m3 Uiscrete 1 r1 .m 
Grid 44 127-RS-204 Discrete 2.72 +I- 0.96 

I 127~RS-205 Discrete 4.54 co.43 0.85 +I- 0.06 1 Grid44 

127-RT -_- s-zuu 
1 127-RS-20 1 

i 27-RS-202 

Discrete 
Discrete 
Uiscrete 1 5.7b iv- 1-t 
Discrete 1 a.93 / 0.67 + 
Discrete 1. 

Grid44 12 I ---- 
Grid 45 127-RS-212 1 Disc 

lZ/-KS-Z13 I Discrete I 2.4 i-k I. 1 
Grid 45 1 127-RS-214 [ Discrete 2.3 +I- 0.84 1 

I Grid45 127-RS-215 1 

1 1 127-RS-207 J Discrete a.33 0.77 +/- 0.13 0.5 +I- 0.07 
1 Grid46 I 127-R%: I I a5 208 Discrete ~0.63 1 0.38 +I- 0.07 Grid 46 a-- -- ^^^ -. I 

IL/-KS-NY I Discrete I AA 
I <L.Y I ; 2+/-0.15 1 0.44-t/-0.08 

Grid 46 127~RS-210 Discrete 1 Cit.0 0.35 +I- 0.10 1 0.55 +I- 0.06 
Grid 46 127-RS-211 Discrete 1 1.8 +I- 0.81 

I I 

0.67 +I- 0.15 1 0.41 +I- 0.08 1 
29130 HS I 

. 
127-RS-253 I Discrete I 3.4+/- 0.10 0.64 +I- 0.10 I 0.51 +I- 0.05 1 I Grid 

T) nemoval 
Grid 29130 HS 127-RS-254 Discrete 2.7 +I- 0.98 0.52 +I- 0.08 0.38 +I- 0.05 

Removal 
Grid 29130 HS 127-RS-255 

Removal 
Grid 29130 HS 127~RS-256 Discrete a.9 0.5 +I- 0.09 0.4 +I- 0.05 

Removal I 
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Table D-6 
Post-Remedial Action Data, Excavation 6 

Samples Near Vicinity of Seawall 

t 4.2 co.77 
13 Highest Area 1 8.8 +I- 0.89 0.57 +I- 0.12 0.86 0.07 +I- 
14 ComDosite 20.7 +/- 1.50 0.59 +/- 0.08 0.50 +I- 0.05 

- 0.06 1 

- 
i 

1 co.75 0.81 +I- 0.08 
26 Composite 11.6 +I- 1.20 CO.58 0.42 +I- 0.07 

1 127-RS-327 Composite ] 24.2 +I- 1.80 0.65 +I- 0.10 0.42 +I- 0.05 
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Figure D-2 
Ventron Site 

Location of Samples Taken Near the Seawall 



Table D-7 
Post-Remedial Action Data, Excavation 6 

(From Building C Slab, Across Building B Slab, to Building F Slab) 

S30 -El0 127-RS-339 1 Hirrhest Area 1 19.8 +/- 2.44 1.39+/- 0.12 1.13 +/- 0.08 
127-RS-340 I Composite I 5.31 +/- 1.13 I 0.87 +/- 0.09 

S40 - EO 127-RS-343 Highest Area 1 37.5 +/- 3.57 1 1.06 +I- 0. X0 , _ _ _ _ _ _ _ , 
S40 - El0 I 127~RS-344 Comuosite I 22.4 +/- 2.37 I 0.81 +/- 0.08 0.78 +/- 0.05 1 S40-El0 12 

7-RS-345 Hkhest Area I 29.5 +/- 3.18 
Composite 

I I 
, 0.85 +/- O.Om I 

i-k 0.06 

S40 - E20 127-RS-347 1 1 9.84 +/- 1.39 1 0.69 +/- 0.08 1 0.58 +/- 0.05 
S40-E20 12 -- 1 ~JI.58 +/- 0.08 1 0.58 +/- 0.05 7-RS-348 1 Highest Area 1 7.63 +/- 1.25 1 ( 

I S50 - EO 1 127-RS-465 ComDosite I 8.87 +/- 2.17 1 0.83 +/- 0.08 1 0.82 +/- “-. 0. -._- e-06 
S50-EO 1 

, 
12 7-RS-356 I Highest Area I 45.03 +/- 4.51 1 1.22 +/- 0.11 1 1 0.78 +/- 0.07 

S50 - El0 1 127-RS-357 1 Composite 1 41.89 +/-3.61 __ 1 1.13 +/- 0.09 1 0.79+/- 0.06 
1 S50 -El0 I 127-RS-358 Highest Area 1 35.26 +/- 3.18 1 0.55 +/- 0.08 

I 127-RS-373 ComDosite I 20.7 +/- 2.29 1 ( S50 -E20 , 
S50 - E20 1 127-RS-374 1 Highest Area 

Composite 

0.38 +/- 0.05 
1 3.63 +/- 0.08 0.51 +/- 0.05 

I 127-RS-361 I Composite I 21.08 +/- 2.23 1 

S60 -E20 12’ 7-RS-371 1 Hiczhest Area 1 2 v ~~~~- I c4.03 - I __~~~,_ 0.67 +/- 0.08 ~_--. ---- I 0.4 -. . .3 +/- 0.05 1 
I S50 - E30 I 127-RS-380 ComDosite 44.7 +/- 4.02 1 0.89 +/- 0.09 1 0.85 +/- 0.06 

S50-E30 12 7-RS-439 I Hkhest Area I 
Composite 

48.50 +/- 4.79 1 ( ~ 1.93 +/- 0.10 1 0.80 +/- 0.06 
S60 - E30 127-RS-364 1 1 32.87 +/-3.17 -- 1 0.79+/- 0.10 1 0.61 +/- 0.05 

7-RS-362 I Highest Area I 7.51 +/- 1.29 I 

1 S60 - ~~30 / f;;;;;;;;; / Hg;$;s%& 1 ;;:;; 1; y; 1 y-73 +/- 0.09 0.62 +/- 0.05 
s50-E40 ( 

Highest Area 
, 1.65 +/- 0.08 0.76 +/- 0.06 

S50 E40 - L 1 127~RS-383 1 1 23.34 +/- 2.60 I 0.77 +/- 0.10 0.77 +/- 0.06 
S-366 1 ComPosite I 40.38 +I- 3.96 1 0.9 +/- 0.10 1 1.08 +I- 0.07 -- S60 -E40 1 127-R 1 --~-I- -- 

S60 - E40 I 127-RS-379 I Highest Area 1 d3.6 1 a.12 I <114 I 
S50 - E50 
S50 - E50 

” 

127-RS-399 Composite 31.67: ~ ( .._ _ ____ , ___ __ 
127~RS-43 1 Hkhest Area 18.15 +/- 2.45 I 0.56 +/- 0.07 0.48 +/- 0.1 

1 -_-- I -.- . 

+/- 2.97 1 0.68 +/- 0.08 1 0.64 +/- 0.05 
I 

” 1 127~RS-430 1 
I 

Composite 34.8 +/- 4.23 I 0.91 +/- b.ib 0.61 +/- 0.06 

I S50 - E60 I 127~RS-441 I Comnosite r38.3 +/- 4.61 I 
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Table D-7 
(continued) 

I 127~RS-458 I Composite 12.8 +/- 1.96 I 0.64 +/- 0.07 0.i 

7-RS-511 I Hitiestkea I 11.31 +/- 1.40 I 0.82+/-0.131 

I S60 - E80 I 127-RS-~?14 I Comnosite I 34.97 +/- 3. 
I S60 - E80 I 127~RS-515 I Hkhest Area 1 32.15 +/- 3.11 

S60 - E90 127~RS-584 1 Composite 5.59 +/- 1.97 0.68 +/- 0.07 0.60 +/- 0.04 1 
S60 - E90 127-RS-585 I Highest Area 1 8.55 +/- 1.71 0.59 +/- 0.07 1 0.4s __ 
S70 - E90 127~RS-586 I Composite 4.43 +/- 1.86 0.81 +/- 0.09 I 0.63 +/- 0.8 

I+/- 0.04 1 
_.05 

S40-El00 127~RS-587 , Composite I 14.64 +/- 2.02 1 0.71+/- 0.07 0.59 +/- 0.05 
S40 -El00 I 127~RS-588 I Highest Area I 13.58 +/- 2.15 1 0.74 +/- 0.08 0.58 +/- 0.05 
S50 - El00 I 127-RS-58 1.91 +/- 0.09 0.62 +/- 0.05 

Cimposite 
I 0.59 +/- 0.05 

S60 - El00 I 127-RS-591 1 1 18.44 +/- 2.57 ) 0.84 +/- 0.09 0.64 +/- 0.05 
S60 - El00 I 127-RS-592 1 Highest Area f 18.23 +/- 2.65 1 0.80 +/- 0.08 0.49 +/- 0.05 
S60 -El10 1 I 127-RS-595 I ComDosite I 4.17 +/CECb I 1.71 +/- 0.09 0.59 +/- 0.05 
S60 - El 10 127-RS-596 Highest Area I 6.78 +/- 2.54 0.76 +/- 0.10 1 0.54 +/- 0.06 
S50 - El 10 127~RS-593 Composite I 8.92 +/- 2.12 0.86 +/- 0.09 1 0.61 +/- 0.05 

I S50 - E90 I 127~RS-582 I ComDosite 1 11.76 +/- 1.91 I 

I S50 - El00 I 127~RS-590 I Hitiest Area I $$%% 
19 1 Composite 1 

1 S50 - El 10 I 127~RS-594 1 Highest Area [ 8.08 +/- 2.24 1 0.79 +/- 0.09 0.60 +/- 0.05 1 
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Table D-8 
Post-Remedial Action Data, Excavation 7 
(Between Building A Slab and Building E) 
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Post-Remedial Action 
Table D-9 

Data, Excavations 8,9,10, and 11 

Excavation 8 (Building A Leach Tank Pit) 

Excavation 9 (Building A Fan Pit) 

Excavation 10 

Excavation 11 
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Table D-10 
Building A Soil Beneath Slab Samples 

Building A Subslab Samples 

I 
J LJ.JU , L.L”r,-Y.13 

1 6 1 127-RS-262 1 Discrete - 1 c4.30 cl.20 I 2.1o+m 
7-RS-263 1 Discrete 1 2.90 1 2.20 +, 
7-RS-264 1 Discrete 1 c4.10 

7 12: 
8 12: 
9 127-RS-265 1 Disc 

11 
12 

15 
16 

a.20 2.20 +/- 0.14 
xete 2.60 1 1.40 +/- 0.15 1 1.70+/- 0.09 

Iiscrete I a.50 1 0.81 +/- 0.15 1 0.93 +/- 0.08 
127~RS-267 Discrete 1 4.20 1 1.80+/-0.16 1 1.80+/-0.10 

1 127-RS-2 ‘ 68 I Discrete I K3.40 I .-. I 1.80 +/- 0.20 1 2.70 +/- 0.14 
S-269 1 Discrete 1 c4.70 2.10 +/- 0.25 1 2.40 +/- 0.17 

I 1 Discrete 1 c3.7 1.3 +/- 0.22 1.8 +/- 0.12 
1 f 

1 
127-RS-271 Discrete c3.3 0.9 +/- 0.17 1.3 +/- 0.11 

I 
] I 1 

12 -- /-0.16 t l-4(+/-0.09 

I 10 1 127-RS-266 1 C 

17 
18 

__ 7-RS-272 I Discrete 1 
127-RS-273 I Discrete 1 
127-RS-274 1 Discrete 1 

a.60 ) 1.50-t. ____ I ^_._ 
-041) KO.73 I 0.4: -. .- 7 I +/- 0.08 
x2.50 KO.79 1 1.60 +/- 0.10 8 

19 12 7-RS-422 I Discrete I c5.49 : I 1.93+ -- LO.16 1 2.33+/-0.11 
20 127-RS-423 1 Discrete 1 c5.74 

1 I 
1 1.68+/-0.17 2.09+/-0.12 

1 21 127-RS-426 Discrete I 
1 

a.59 1 0.60 +/- 0.07 1 0.48 +/- 0.04 
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Table D-11 
Gamma Exposure Rate Survey Data 

Excavation 1 SO-E0 11.5 
Excavation 1 SO - El0 10.7 
Excavation 2 SO - E50 10.7 

I Excavation 2 1 SlO-E50 I lisp-l 
I Excavation 3 S30 - El30 9.0 
Excavation 4 S50 - El30 10.5 
Excavation 4 S50 - El40 10.6 1 

[ Excavation 4 1 S50 - El50 
I ---- 
I 13.1 I 

Excavation 4 S60 - El40 10.6 
Excavation 4 S60 - El50 14.6 
Excavation 4 
Excavation 4 
Excavation 4 
Excavation 4 

S70 - El30 1 10.75 
S70 - El40 ( 10.3 
S50 - El40 I 13.0 -- ._ 

1 S50 - El50 I 14.0 I 
Excavation 4 
Excavation 5 

s50 - El60 
Harbor Grid 1 

12.0 
12.0 

I Excavation 5 

--._ 

Excavation 5 I Harbor Grid 2 1 12.0 
- 

. - I-- 
_---- ‘Grid3 1 11.0 

I-& ubor Grid 4 I 11.0 
I Harbor 

I Excavation 5 

I Excavation 5 

Excavation 5 I ~~~~~~- -- ---- -- 
Excavation 5 I Harbor Grid 16 

Excavation 5 
, 

1 Harbor Grid 22 I 9.0 

FinalVentronPRAR 

1 I Excavation 5 Harbor Grid 23 9.0 
Excavation 5 Harbor Grid 24 9.0 
Excavation 5 Harbor Grid 25 8.0 1 
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Table D-l 1 
(continued) 

Excavation 5 Harbor Grid 32 1 10.0 

E 
Excavation 6 S40 - EO 9.0 
Excavation 6 S50 - EO 10.0 
Excavation 6 S60 - EO 10.0 

Excavation 6 
1 - -__ 

1 S50 -E70 I 10.0 I 
Excavation 6 
Excavation 6 

s50 - E80 9.6 
S50 - E90 10.0 



Table D-11 
(continued) 
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Department of Energy 
Oak Ridge Operations Office 

P.O. Box 2001 
Oak Ridge, Tennessee 37831- 8723 

March 15. 1996 

Ms. Lisa Alexander Mr. Thomas F. O'Connell 
Massachusetts Department of Massachusetts Department of 

Environmental Protection 
10 Commerce Nay 

Health/Radiation ControJ Program 
305 South Street 

Woburn. Massachusetts 01801 Jamaica Plain, Massachusetts 02130 

Dear Ms. Alexander and Mr. O'Connell: 

VEN~ON SITE - TRANSMIlTAL OF DOSE CALCULATION AND REMEDIAL ACTION APPROACH 

The purpose of this letter is to transmit the dose calculation and request 
your concurrence with the remedial action approach for Buildings A and A-l at 
the Ventron site, Beverly. Massachusetts. The enclosed dose assessment 
evaluates the potential one-time dose to a hypothetical site worker involved 
in all phases of demolition of Buildings A and A-l, and a one-time dose to a 
hypotheti&J recycling worker involved in the smelting of steel beams and 
pipes from Buildings A and A-l. This analysis indicates that these buildings 
present no significant radiological risk, and can be demolished without any 
radiological decontamination efforts along with the other buildings on site. 

The Ventron site in Beverly, Massachusetts was designated for inclusion into 
the Department of Energy's Formerly Utilized Sites Remedial Action Program 
(F&RAP) in December 1985. The Ventron Corporation, formerly Metal Hydrides 
Corporation, was under contract to the U.S. Army Corps of Engineers Manhattan 
Engineer District (MED) from 1942 to 1947 to convert uranium oxide to uranium 
metal powder. In 1982. Ventron became a division of Morton JhiokoJ. Inc., 
which was renamed Morton International in 1990. Prior to and subsequent to 
MED-related activities, independent commercial work was performed by Morton at 
the Ventron site until 1986. The data used in the calculation was obtained 
from characterization efforts performed in 1992 and February 1996. The effort 
in 1996 was to fill data gaps in the 1992 survey. The data has shown that 
radioactive contamination on the stee7, wood, and masonry surfaces is 
primarily fixed with very little transferable contamination. The combined 
data from the 1992 and 1996 surveys provided enough data to complete the 
enclosed dose calculations. This dose calculation was performed to determine 
the level of remedial action required on buildings A and A-l. We have found 
that the dose from residual radioactivity in Buildings A and A-l is so low 
that no remedial action is necessary prior to demolition. 



Ms. Alexander and Mr. O'Connell 2 March 15. 1996 

All site operations have ceased, and the owner is currently in the process of 
demolishing the on-site buildings. Based upon discussions with the property 
owner, Buildings A and A-l will be demolished during the current year. All 
masonry material will be crushed with a portion used as on-site backfill and 
the rest disposed of in a construction landfill. All steel will be recycled.. 
and all other materials will be sent to a construction landfill. The floor 
slabs will be left and removed by DOE during the subsurface remedial action. 
There are no plans to occupy or utilize the structure in the interim. 

Radiation dose limits for members of the general public are outlined'in DOE 
Order 5400.5 The maximum allowable annual dose to a member of the general 
public from all sources and pathways is 100 millirem (mrem) above background. 
DOE also requires that all radiation exposures must be reduced as low as 
reasonably achievable, taking into account technical. economic, and social 
considerations. EPA and NRC also invoke the 100 mrem per year (mremlyr) dose 
limit for all sources and pathways, and also provide additional limits for 
specific sources. NRC proposed regulations for decommissioning radiologically 
contaminated facilities would establish a dose limit of 15 mrem/yr above 
background. and draft EPA regulations would also establish a similar 
requirement. Current Massachusetts State regulations under 105 CMR 120.291 
impose an even lower dose limit of 10 mremlyear. 

The enclosed analyses demonstrate that DOE's proposed approach for the Ventron 
site would satisfy all of the above requirements. Soil (volumetric) 
guidelines for uranium are site specific, based upon site characteristics and 
use. The site specific uranium soil guideline for the Ventron site is 100 
picocuries per gram (pCi/g) for total uranium. 

As shown in the calculation, contamination on the walls, overheads, and floors 
of Buildings A and A-l will not result in a radiation dose above 10 mrem to 
any member of the general public. The maximum dose to a hypothetical 
demolition worker is estimated to be about 2.5 mrem. and off-site exposure to 
the general public would be much less. Of the 2.5 mrem. approximately 1.8 
mrem is attributable to removal of pipes from Buildings A and A-l. The 
maximum dose to a hypothetical recycling worker is estimated to be 5.0 mrem. 
Given the low radiation dose calculated to result from wall. overhead. and 
floor contamination (and the fact that these calculations were very 
conservative and likely over-estimate the dose). no remedial action needs to 
be performed. Also, calculations were performed for the use of the slag from 
the steel recycling as roadbed material and the disposal of the concrete 
estimated at 0.33 mremlyr and the landfill disposal rubble and wood in a 
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landfill. Both calculations assumed a person in the proximity for 1 hour per 
day, 7 days a week. The dose from the slag was at 7.7 x 10" mrem/yr. In 
addition to the dose calculations, a calculation was generated to determine 
the average radioactive concentration that would be present in the crushed 
masonry material. The concentration was calculated to be 
2.31 pCi/g which is well below the site specific guideline of 100 pCi/g for 
total uranium. and also within the range of typical background concentrations 
for uranium in soil and building materials. 

Prior to releasing the buildings to Morton for demolition, DDE will either 
remove or decontaminate to below DOE Order 5400.5 guidelines, all remaining 
non-structural equipment which includes a leach tank, lathe. drill press and 
various other pieces of equipment. After the buildings are demolished, DOE 
will then mobilize to excavate and transport to a licensed disposal facility 
all soil exceeding DOE guidelines. 

As Morton is in the process of demolishing other buildings on the site and 
will proceed to buildings A and A-l after completion of the other buildings, 
'if at all possible your concurrence with this approach is requested by the end 
of March 1996. 

We believe this is an appropriate approach given site conditions and the final 
disposition of Buildings A and A-l. Please contact me at (423) 576-9441 with 
any questions you may have regarding this data or the proposed approach. 

Sincerely, 

tP ames D. Kopotic, Site Manager 
Former Sites Restoration Division 

cc: Alicia Raddatz. Morton, Inc. 



I * 
/ s Bechtel 

oak Ridge cotporate center t 151 Lafayette Drive 
P.O. Box 350 
Oak Ridge, Tennessee 37831-0350 

Telephone: (423) 220-2000 

Former Sites Restoration Division 
Oak Ridge Operations Office 
P.O. Box 6974 
Oak Ridge, TN 3783 l-6974 

140242 
Job No. 14501, FUSRAP Project 

DOE Contract No. DE-AC05910R21919 
Code: 50801wBS: 127 

Attention: Jim Kopotic 
Site Manager - Ventron 
Former Sites Restoration Division 

Subject: Records Release 

Calculation No. 127-CV-006 
Title: Dose Assessment for Ventron Buildings A and A- I 

Dear Mr. Kopotic: 

In accordance with your request, a copy of the identified calculation is forwarded herewith. 

Use of these calculations by persons without access to the pertinent factors and without proper regard for their 
purpose could lead to erroneous conclusions. 

. 

Should it become necessary to use this calculation in your work in the future, it is suggested that the calculation 
be reviewed with authorized Bechtei personnel to ensure that thepurposes, assumptions, judgments and 
limitations are thoroughly understood. Bechtel cannot assume responsibility for the use of this calculation not 
under our direct control. 

Sincerely, 

“James C. McCague c/ 
Project Engineering Manager - FUSRAP 

JCM:sewET-0 15 1 

Enclosure: Calculation 127-CV-006 

fe@ ‘d Bechfef IVational, Inc. 
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Ca/cu.tion Sheet t 
Lw Date 03113/96 Calc. No. 

~ ~4021~ 
Originator Andrea George 7-cv- 

-_ Project FUSRAP Sob No. 14501 Checked “&Tti Ei !&f&---- 
Subject Dose Assessment for Ventron Buildings A and A-l Sheet No. I of49 

PURPOSE 

This calculation estimates doses from Ventron Buildings A and A-l if the buildings are 
demolished. Data used for this calculation can be found in the “Characterization Report for the 
Ventron Site” (DOE 1995) and the data packages D-2421 5 and D-24216. Data contained in 
D-2421 5 and D-242 16 was collected in February 1996; a technical memorandum will be issued 
presenting the results. 

The basis for this assessment is: 

l Contamination at the Ventron site is found only on limited portions of Buildings A and A- 1. 
The total curie content of all affected building components is approximately 5.02 mCi. 

l Buildings A and A-l will be demolished by a civilian demolition firm. 

l The site owner has indicated that all masonry material will be crushed with a portion used as 
backfill and the rest disposed of in a construction landfill. All steel will be recycled and all 
other materials will be sent to a construction landfill. 

REFERENCES 

DOE, 1983. “Pathways Analysis and Radiation Dose Estimates for Radioactive Residues at 
Formerly Utilized MED/‘AEC Sites”, 0130-832, Oak Rid&e, Term. (March). 

. 
DOE, 1989. “A Manual for Implementing Residual Radioackve Material Guidelines”, 
DOEICH1890 1 (June). -. - 

DOE, 1990. Order 5400.5, “Radiation Protection of the Public and Environment”, (Junej. 

DOE, 1995. “Characterization Report for the Ventron Site” , DOE/OR/2 1950- 10 11, Oak Ridge, 
Term. (December). 

NRC, 1990. “Residual Radioactive Contamination from Decomissioning, Technical basis for 
translating contamination levels to annuai dose”, Draft report for comment, NUREGICR-55 12, 
PNL-72 12, (January). 

Paustenbach, Dennis J., 1989. The Risk Assessment of Environmental Hazards, John Wiley & 
Sons, Inc. New York, New York. 

RESRAD computer code, Version 5.6 1, Released 8128/95. 
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Schleien, Bernard, ed., 1992. The Health Physics and RadiologicaI Health Handbook, S&a, 
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ASSUMPTIONS 

1. 

2. 

3. 

4. 

5. 

6. 

Bldgs. A and A- 1 at the Ventron site are contaminated with processed uranium metal. U-23 8, 
U-234, and U-235 are prese& in their natural activity ratio of 1:1:0.046 (data supporting this 
ratio are contained in data package D-23904): It is conservatively assumed that all radiation 
detected during beta/gamma surveys is attributable to U-238. The survey instruments are 
calibrated to detect a 2.2 MeV gamma ray emitted from a s~ontium-9O/~i~-90 calibration 
source. The s~ontium-9O/~ium-90 emission is essentially the same energy as the 2.28 MeV 
primary beta emission from the short-lived U-238 decay product, protactinium-234m. 

Among the principle exposure pathways - inhalation, ingestion, and external radiation exposure - 
the dose from inhalation far exceeds the contribution from the other pathways. Therefore, except 
for overhead demoiition, only the dose from inhalation is calculated. The highest amount of 
hand contact with contaminated material is expected in the case of overhead demolition and the 
dose has been calculated to illustrate that, in the worst case, the dose from subsequent ingestion 
from hand contact with the overheads is well beiow 1 mrem. 

Dose conversion factors for inhaled and ingested radioactivity are taken from the RESRAD 
computer code version 5.6 1. Dose calculations incorpora$,the dose from short-lived decay 
products of U-23 8 and U-23 5. ‘\ 

Bldgs. A and A-l will be demolished by a civilian demolition f&n. The maximally exposed 
individual as a result of residual radioactivity would be a hypothetical demoiition worker who 
participates in all phases of the demolition or a hypothetical recycling worker who participates 
in all phases of metal recycling. A separate firm performs the recycling so the workers would 
not be the same. 

The breathing rate for the exposed worker is conservatively assumed to be 20 m3 per 8 hr shift. 

Mass loading assumptions are based on the following: 

When dust is produced during normal construction activities, such as handling building rubble, a 
mass loading factor of 600 pg rns3 is employed (DOE 1983). It is conservatively assumed that 
100% of the dust is radioactively contaminated and that 30% of the dust is respirabie 
(Paustenbach 1989). Thus, the respirable mass loading factor is 180 pg/m3. 

When a recycling worker is exposed to slag after the steel beams and pipes have been smelted, 
the mass loading factor is assumed to be 100 pg/m’ (NRC 1990) because the slag is a solid mass. 
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Thus, the respirable mass loading factor is 30 pg/m3. 

7. The respirable airborne contaminant particulates are assumed to have a size of 1 pm activity 
median aerodynamic diameter (AMAD). 

8. The dose calculations are presented for each phase of a hypothetical demolition in order to 
highlight the maximum exposure associated with each building component. This approach is 
conservative in that the likely scenario would entail rapid, mechanical, destruction ofthe 
structure (i.e. without individual phases) and subsequent removal of the debris. The latter tactic 
would to some extent quench potential airborne contamination as the structure is dropped. 

. 
The hypothetical demolition phases representing each of the building components and significant 
conditions/assumptions are as follows. 

Wall Demolition: Contamination is on the surface of some walls within buildings A and A-l. 
Smear samples for removable surface activity were all below DOE 5400.5 guidelines. Walls are 
constructed of a variety of materials with large bays of windows. Demolition rates are taken 
from Waier 1996 and assume a crew of 8 laborers, two jackhammers, and a front-end loader. 
This crew is designated as B-5 in Waier 1996. 

In addition to the initial plume, contaminated dust would be resuspended as rubble is removed. 
The duration of exposure will depend on the volume of rubble to be removed and the rate it is 
removed. A work crew with a front loader with a 1.25 m3 capacity can load 80 m3 per hour 
(Waier 1996). Because of the irregular sizing of the building rubble, it is piausible that the work 
may go slower and a conservative value of 40 m3 per hou+is used. 

Since buildings A and A-1 have numerous rooms, a simplif;lng assumption was made to 
determine surface contamination levels. On each wall that sho,wed any contamination above 
DOE Order 5400.5 guidelines, all surface contamination readings were averaged. The maximum 
of these averages was assumed to be present over the entire surface area of all contaminated 
walls. This is a very conservative assumption because the radiological contamination in 
buildings A and A-l is spotty. 

PiDe and Overhead Demolition: Contamination is assumed to be on the upper horizontal 
surfaces of the overhead metal and wood structure and iron pipes in building A. Building A-l 
contains piping but does not contain any steel or wood beams. The ceiiing in building A-l is 
made entirely of concrete. Thus, a separate calculation for the pipes in building A-l was not 
performed and the dose from the pipes in building A-l is included in the dose from the overhead 
components in building A. 

Demolition of these buildings will include salvage of the pipes and steel beams. The metal will 
be recycled by smelting while the wood will be disposed of in a construction landfill. 
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All contaminated pipes are assumed to be contaminated at levels equivalent to the average 
survey reading found on pipes which was 9,970 dpm/lOO cm2. All horizontal surfaces on 
contaminated steel beams are considered to be contaminated at the average survey reading found 
on steel beams which was 3,901 dpmllO0 cm2. All horizontal surfaces on contaminated wood 
beams and window sills are considered to be contaminated at the average survey reading found 
on wood which was 5,065 dpm/lOO cm2. The contamination is from deposited dust which is 
assumed to be 0.1 in. thick. 

The primary exposure pathways are inhalation and ingestion. The activity generating the most 
airborne contamination will entail toppling the supporting beamsand aliowing the beams to fall 
to the ground where they will subsequently be sized for transport by cutting. Airborne 
contamination will be released as: (1) the beams fall to the ground; (2) the beams are cut for 
transport; and, (3) the beams are removed. Assuming ail beams are felled in a very short time 
frame, the contaminated plume from any one beam falling will not have dissipated when the next 
beam is dropped; thus, the plume of airborne contamination will embody all the contamination 
present on the beams. 

Personal contamination (and subsequent ingestion) will occur as the beams are handled during 
cutting and removal. 

Metal Recycling Potential exposures from recycling of the steel beams and pipes were 
considered for two activities: 

l sand blasting of the metal to remove paint so the smelter will accept the metal 
. exposure from the discarded slag after melting. a, 

The same breathing rate used for demolition (20 m3 per 8 hours) is used for the recycling worker. 
The sandblasting scenario assumes a dust loading of I80 &rn! ; however, common 
construction practice for sandblasting is to wear a respirator. 

The maximum exposure to the waste slag would occur if the slag was dumped on the ground in 
a waste area. This exposure scenario includes the inhalation, ingestion, and external pathways. 
The mass loading factor for inhalation exposure to slag after melting is 30 l&m3 because the 
slag is primarily a solid mass. Actually, slag is often used as roadbed material which is usually 
under at least 6 inches of gravel and asphalt. The resulting exposure scenario includes only the 
external pathway because the material is no longer available for inhalation or ingestion. A dose 
estimate for the roadbed exposure scenario is also included in this calculation. 

Floor Demolition: Contamination is on the surface of portions of the floors within buildings A 
and A- 1. Smear samples for removable surface activity were all below DOE 5400.5 guidelines. 
Floors are constructed of 4 in. concrete slabs. Demolition rates are taken from Waier 1996 and 
assume a crew of 8 laborers, two jackhammers, and a front-end loader. This crew is designated 
as B-5 in Waier 1996. In addition to the initial plume, contaminated dust would be resuspended 
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as rubble is removed. 

Since buildings A and A- 1 have numerous rooms, a simplifying assumption was made to 
determine surface contamination levels. Within each room that showed any contamination 
above DOE Order 5400.5 guidelines, all surface contamination readings on the floor were 
averaged. The maximum of these averages was assumed to be present over the entire surface 
area of all contaminated floors. This is a very conservative assumption because the radiological 
contamination in buildings A and A-l is spotty. 

Crusheroaerations: A portion of concrete rubble from the demolition of buildings A and A- 1 
will be crushed and used as backfill on site. The remainder will be disposed of in a construction 
landfill. It is unknown at this time how much of the material will be crushed; therefore, the 
conservative assumption was made for the purposes of this calculation that all concrete rubble 
will be crushed. The processing rate of the crusher was developed from BNI experience with 
crushing operations. 

Landfill disDosa1: The site owner has indicated that wood and any masonry rubble that is not 
used as backfill will go to a construction landfill for disposal. A calculation was performed 
assuming all wood and masonry material is disposed of in a landfill. This assumption is more 
conservative than assuming that the masonry material is used as backfill .and left on-site because 
the landfill will have a minimum daily soil cover of only 6” whereas the backfill used on-site 
will probably have at least 6” of soil in order to grow grass or will have a building with a 
concrete slab built on top of the backfill. 

Dose from the material disposed of in a landfill is estimated by using the RESRAD computer 
code, Version 5.61. \ , 

9. The actual calculations were done in Microsoft EXCEL, except for the landfill disposal, and 
printouts are attached. Example calculations for each phase will be shown below. 

CALCULATION 

Wall Demolition 

Since buildings A and A- 1 have numerous rooms, a simplifying assumption was made to 
determine surface contamination levels. On each wall that showed any contamination above 
DOE Order 5400.5 guidelines, all surface contamination readings were averaged. The maximum 
of these averages was assumed to be present over the entire surface area of all contaminated 
wails in both buildings, which was 24,434 dpmllO0 cm’. This is a very conservative assumption 
because the radiological contamination in buildings A and A- 1 is spotty. 
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EXCEL printouts for the wall demolition of building A are contained in Attachment A ‘&d for 
building A-l in Attachment 3. The dose for demolition of all walls in building A and removal of 
the associated rubble is estimated to be 0.07 mrem. The total amount of U-238 activity present 
on.the walls in building A is estimated to be 0.8 19 mCi. The dose for wall demolition and 
rubble removal of Building A-l is estimated to be 0.02 mrem with a total U-238 activity of 
0.586 mCi. A mass loading factor of 180 pg/ m3 was assumed for all demolition activities. 

The following example explains step-by-step the calculations in Attachments A and 3. 

Building A sheet rock walls: 
Thickness: 0.5 inches (1.27 cm) 
Effective density: 1.8 g/cm3 
Mass under 100 cm2 survey area: 229 g 
Average activity in survey area: 24,434 dpm/lOO cm2 (11,106 pCi/lOO cm2) 

Average concentration: 

(24,434 dpm/lOO cm2)(pCi I2.2 dpm)(lOO cm* I229 g) 
= 48.58 pCilg 

The mass loading factor is 180 ug/mi; therefore the initial airborne concentration is: 

(48.58 pCi/g)(180 pg/m3) = 8.75 x 10” pCi/m3 
? i 

The dose to the hypothetical maximally exposed individual will depend on the duration of 
exposure. The duration of exposure will depend on the amount of wall to be removed and the 
rate it is removed. A work crew with a front loader can demolish-sheet rock walls at a rate of 
1000 ft2 per day (p.38 Waier 1996). The total area of sheet rock wall in building A is 1011 fi2. 

The duration of the demolition of the sheet rock walls is: 

((1011 ft2)/( 1000 ft2 /day)) (8 hr/day> = 8.09 hrs 

The inhalation intake is: 

(0.00875 pCi/m3)(2.5 m3 /hr)(8 hr) = 0.177 pCi 
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And the dose is: 

U-234 = (0.177 pCi)(O. 13 mrem/pCi) = 0.0230 mrem 
U-235+D = 0.046(0.177 pCi)(O. 12 mrem/pCi) = 9.76 x 10” mrem 
U-238+D = (0.177 pCQ(O.12 mrem/ pCi) = 0.0212 mrem 

The total dose from demolition of the sheet rock wails in building A is 0.0452 mrem. 

Building A 
Dose from Sheet Rock Wall Demolition = 0.0452 mrem 
Dose from 4” Cinder Block Wall Demolition = 0.000843 mrem ’ 
Dose from 8” Cinder Block Wail Demolition = 0.00337 mrem 
Dose from 12” Solid Block Wails Demolition = 0.00249 mrem 
Dose from 4” Block Window Demolition = 0.000490 mrem 
Dose from Pane Window Demolition = 0.0118 mrem 
Dose from Rubble Removal = 0.00102 mrem 
Total Dose for Bldg. A Wall Demolition = 0.07 mrem. 

Building A-l 
Dose from Sheet Rock Wall Demolition = 0.00496 mrem 
Dose from 4” Cinder Biock Wall Demciirion = 0.000565 mrem 
Dose from 8” Cinder Block Wall Demolition = 0.000328 mrem 
Dose from 12” Solid Block Wall Demolition = 0.00 142 mrem 
Dose from 4” Block Window Demolition = 0.000 146 mrem 
Dose from Pane Window Demolition = 0.00949 mrem 
Dose from 6” Solid Block Wall Demolition = 0.00219 i&em 
Dose from Rubble Removai = 0.000704 rryem 
Total Dose for Bldg. A-l Wall Demolition = 0.02 mrem. 

1 - 
The dose to a demolition worker present when all building A and A-l walls are demolished 
and removed is 0.09 mrem. 

EXCEL printouts for the overhead demolition of both building A and A- 1 are contained in 
Attachment C. Building A- 1 has a concrete ceiling that is uncontaminated. Only the pipes in 
building A-l are contaminated and are included in this calculation. The dose for demolition of 
all overheads in building A and the pipes in both buildings is estimated to be 2.3 1 mrem. The 
total amount of U-238 activity present on the overheads in both buildings is estimated to be 
0.105 mCi. The dose for cutting the steel beams and pipes for transport to the recycling facility 
is estimated to be 0.05 mrem. A mass loading factor of 180 pg/m3 was assumed for modeling 
the inhalation pathway for all demolition activities. An ingestion rate of 480 mglday 
(DOE 1989) was assumed for modeling the ingestion pathway. 
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1. 

2. 

3. 

4. 

5. 

All contaminated pipes are assumed to be covered in contamination equivalent to the average 
survey reading found on pipes which was 9,970 dpm/lOO cm2. All horizontal surfaces on 
contaminated steel beams are considered to be contaminated at the average survey reading found 
on steel beams which was 3,901 dpm/lOO cm2. All horizontal surfaces on contaminated wood 
beams and window sills are considered to be contaminated at the average survey reading found 
on wood which was 5,065 dpm/f 00 cm2 . The contamination is assumed to be from deposited 
dust which is assumed to be 0.1 in. (0.254 cm) thick. 

The following example explains step-by-step the calculations in Attachment C. 

Steel beam demolition: 

The average fixed contamination was measured to be: 

3901 dpm/lOO cm2 = 1773 pCi/lOO cm’ 

The contaminatien on the steel is from settled dust. Assuming the dust is 0.1 in. thick and has a 
density similar to soil, i.e. -1.6 g /cm’. The concentration of the contamination is: 

(17.73 pCi/cm*)/(0.254 cm)/{ 1.6 g/cm3) = 43.6 pCi/g 

The intake of radioactivity will depend on the duration of exposure and the concentration of 
contaminant. An engineering appraisal of the building plans for Building A have disclosed that 
there is approximately 3,877 linear feet of over head sup&,rting steel. A removal rate of 
400 linear feet/day was reported in Waier 1996. For this quantity of structural steel, salvage 
operations will take approximately 9.7 eight- hour shifts. 

A conservative mass loading factor of 180 pg/m3 (DOE 1983) ‘for construction activities would 
result in the following inhalation intake of U-23 8. 

(43.6 pCi/g)(l.8 x 10e4 g/m3)(2.5 m3kr)(77.5 hrs) = 1.52 pCi 

The resultant dose is: 

U-234 = (1.52 pCi)(O.l3 mrem/pCi) = 0.198 mrem 
U-235+D = 0.046( 1.52 pCi)(O. 12 mrem/pCi) = 0.0084 mrem 
U-238+D = (1.52 pCi)(O. 12 mreml pCi) = 0.183 mrem 

Dose from inhalation during steel beam demolition = 0.39 mrem 

The intake of uranium by ingestion can be estimated by assuming a worker will ingest 480 mg of 
dust and dirt per day (8 hour shift). 
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The resultant radioactivity intake is thus: 

(43.6 pCi/ g)(9.7 days){480 mg/day) = 203 pCi 

6. The resultant dose is: 

U-234 = (203 pCi)(2.8 x lo4 mrem/ pCi) = 0.0568 mrem 
U-235+D = 0.046(203 pCi)(2.7 x lo-4 mreml pCi) = 0.0025 mrem 
U-238+D = (203 pCi)(2.7 x lOA mreml pCi) = 0.0548 mrem 

Dose from ingestion during steel beam demolition = 0.114 mrem 

7. Total dose from steel beam demolition in bldg A = 0.503 mrem 
Total dose from wood beam demolition in bldg A= 0.0384 mrem 
Totai dose from pipe demolition in bldgs. A and A- 1 = 1.73 mrem 

8. The total dose to a demolition worker from demolishing contaminated beams and piping in 
building A and removing the contaminated piping in building A-l is 231 mrem. 

Steel and Pipe Cutting: 

1. The total linear feet of both steel and pipe in buildings A’fnd A- fwhich requires cutting is 
5,877 ft, of which 3,877 ft is steel and 2,000 ft is pipe. The fraction of time spent cutting steel 
and pipe is: 

\ 

(3,877 fi steel)/(5,877 fi total) = 0.66 

(2,000 fi pipe)/(5,877 ft total) = 0.34 

The weighted average fixed contamination: 

(0.66[3901 dpm/lOO cm2 3) + (0.34[9970 dpml100 cm’]) = 5,966 dpm/lOO cm2 
= 2,7 11 pCi/lOO cm2. 

2. The contamination on the steel and pipes is from settled dust. Assuming the dust is 0.1 in. 
(0.254 cm) thick and has a density similar to soil, i.e. 1.6 g/cm3. The concentration of the 
contamination is: 

(27.11 pCi/cm’)/(0.254 cm)/( 1.6 g /cm3) = 66.7 pCi/g 
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3. The intake of radioactivity will depend on the duration of exposure and the concentration of 
contaminant. An engineering appraisal of the building plans for Building A have disclosed that 
there is approximately 3,877 linear feet of over head supporting steel and buildings A and A-l 
have approximately 2,000 linear feet of pipe. If it assumed that the metal was cut into 15 ft 
lengths and that a cut takes 1 min, the cutting operation would fast approximately 6.5 hours. 

A conservative mass loading factor of 180 pg /m3 would result in the following intake of U-238. 

(66.7 pCi/ g)( 180 pg/ m3)(2.5 m3/hr)(6.5 hrs) = 0.196 pCi 

4. The resultant dose is: 

U-234 = (0.196 pCi)(O.l3 mremf pCi) = 0.0255 mrem 
,U-235+D = 0.046(0.196 pCi)(O.l2 mrem/pCi) = 0.00108 mrem 
U-2381-D = (0.196 pCi)(O.l2 mrem/ pCi) = 0.0235 mrem 

Dose from inhalation during steel beam and pipe cutting .= 0.05 mrem 

The total dose to a demolition worker from all overhead demolition and cutting is estimated to be 
2.36 mrem. 

Overhead Recvcling 

EXCEL printouts for the overhead recycling of both building A and A- 1 steel beams and pipes 
are contained in Attachment D. The dose for recycling of all steel beams and pipes in both 
buildings is estimated to be 5.0 mrem. -. - 

Two exposure scenarios were identified for recycling of the metal beams and pipes. These were 
sandblasting of the metal (to remove paint), and exposure to slag after melting. 

The calculations presented in Attachment D are summarized below. 

1. Sand blasting of metal to remove paint 

The weighted average surface contamination of the beams and pipes = 5966 dpmilO0 cm*. 
Sandblasting production rate = 1352 ft’ /day (p.149, Waier 1996) 
Surface area of contaminated metal = 39 10 ft2 

The contamination on the metal is from fixed dust. Assuming the dust is 0.1 in. thick and has a 
density similar to soil, i.e. I .6 g/ cm3. The concentration of the contamination is: 
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(59.66 dpmicm2)(pCi/2.2 dpm)/(0.254 cm)/{ 1.6 g /cm3) = 66.7 pCi/ g 

Time to sandblast metal = (3910 ft2)/(1352 fi2/day) = 23 hours or 2.9 shifts 

Assume dust loading of 180 pg/m3 and that 100% of the nuisance dust is radioactively 
contaminated at the concentrations calculated in the demolition section. 

The inhalation dose is calculated to be: 

U-234 = (2.5 m3/hr)(23 hr)(66.73 pCi/g)( 180 pg/m3)(0. 13 mrem@Ci) = 0.0903 mrem 
W235+D = 0.046(2.5 m3kr)(23 hr)(66.73 pCi/g)( 180 pg/m’)(O. 12 mrem/pCi)=0.00383 mrem 
U-238+D = (2.5 m3/hr)(23 hr)(66.73 pWg)( 180 pg/rn )(O. 12 mrem/pCi) = 0.0834 mrem 

Total dose = 0.178 mrem 

2. Slag from melting recycled metal 

An engineering appraisal of building A indicates that there is 111 ft3 of steel beam present. The 
volume of steel was determined by estimating the iinear feet of each type of I-beam and 
multiplying by the cross-sectional area of each type of I-beam. (see Attachment D) Uranium 
contamination in steei tends to be concentrated in the slag when the steel is melted. SEG 
personnei indicated from their experience in meltin, 0 uranium contaminated steel, 99% of the 
uranium and 3% of the metal end up in the slag. The slag is often used as roadbed material 
which is usually under at least 6 inches of gravel and asphalt. Higher exposure would result 
from slag dumped on the ground in a waste area. ‘\ -t, 

Total U-238 activity in the metal = (5966 dpmflO0 cm2)(39i0 ftz)(pCi/Z.2 dpm) = 98.5 pCi 
Mass of steel = (111 fi3)(7.86 g/cm’) = 2.47 x 1 O7 g of steel -. - 
Mass of pipe = (10.79 lblft of 4” pipe){2000 fi) = 9.80 x lo6 g of pipe 
Mass of metal present = 3.45 x lo7 g 

The concentration of U-238 in the slag is: 

(98.5 pCi)(O.99) I(3.45 x lo7 g) I(O.03) = 94.2 1 pCi/gm 

Density of slag is assumed to be 112 that of steel = (7.86 gm/cm3) I2 =3.93 gm/cm’ 
Since the slag is primarily a solid mass, the mass loading is assumed to be 30 pg/m3 
A worker is expected to be exposed to the waste slag approximately 10% of the time 

The inhalation dose is 

U-234 = (2.5 m3/hr)(0.1 7x-)(30 @m’)(94.21 pCi/g)(O.l3 mrem/pCi) = 0.257 mrem 
U-235+D = 0.046(2.5 m’/hr)(O.l yr)(30rgim )(94.21 pCi/g)(O.lZ mrem/pCi) = 0.0109 mrem 
U-238+D = (2.5 m3/hr)(0.1 yr)(30 @rn )(94.21 pCi/g)(O.l:! mrem/pCi) = 0.237 mrem 
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The ingestion dose is, using an ingestion rate of 480 mglday: 

U-234 = (480 mg/day)(O.l yrj(94.21 pCi/g)(2.8x104 mrem/pCi> = 0.443 mrem 
U-235-!-D = 0.046(480 mg/day)(O.l yrj(94.21 pCi/g>( 2.7~10”’ mrem/pCi) = 0.0197 mrem 
U-23 8+D = (480 mg/day)(O. 1 yr)(94.2 1 pCi/g)( 2.7x1 OA mrem/pCi) = 0.427 mrem 

The external dose is 

U-234 = (0.1 yr)(3.93 g/cm3)(94.21 pCiig)(6.97x10A mrem/yr I pCi/cm3) = 0.0258 mrem 
U-235-l-D = 0.046(0.1 yr)(3.93 g/cm j(94.21 pCi/g)(4.9OxlO-’ mrem/yr I pCi/cm’) = 0.835 mrem 
U-2383-D = (0.1 yr)(3.93 g/cm’)(94.21 pCi/g)((6.97x10-2 mremlyr / pCi/cm3) =2.58 mrem 

The totai exposure is 4.84 mrem to slag dumped on the ground in a waste area. 

The total dose to the recycling worker from sandblasting And slag exposure is 5.0 mrem. 

Typically, waste slag is used as roadbed material which is then covered with at least 6” of gravel 
and asphalt. In this situation, the inhalation and ingestion pathways are no longer applicable. It 
is also reasonable to assume that a maximum exposure duration for a member of the general 
public driving on the road would be 1 hr per day, 7days per week . Therefore, the external dose 
to a member of the general public from driving on a roadbed of waste slag is decreased by 90% 
(RESRAD 1990) to 0.33 mrem. 

Floor Demolition 

Since buildings A and A-I have numerous rooms, a simplifying assumption was made to 
determine surface contamination Ieveh. On each floor that showed any contamination above 
-DOE Order 5400.5 guidelin& all surface contamination readings were averaged. The maximum 
of these averages was assumed to be present over the entire surface area of all contaminated 
floors in each building. For buiiding A, the average was 7,410 dpmllO0 cm*. For building A-l, 
the average was 34,096 dpmllO0 cm*. This is a very conservative assumption because the 
radiological contamination in buildings A and A-l is spotty. 

EXCEL printouts for the floor demolitions of both buildings A and A- 1 are contained in 
Attachment E. The dose for demolition of all floors in building A and removal of the associated 
rubble is estimated to be 0.0059 mrem. The total amount of U-238 activity present on the floors 
in building A is estimated to be 0.357 mCi. The dose for floor demolition and rubble removal of 
Building A- 1 is estimated to be 0.0098 mrem with a total U-238 activity of 0.59 1 mCi. 

The following example explains step-by-step the calculations in Attachment E. 
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Building A Floors: 

The concentration of U-238 in floor components is calculated as follows: 

Thickness: 4 inches (10.16 cm) 
Effective density: 2.4 g/cm3 
Mass under 100 cm2 survey area: 2438.4 g 
Average activity in survey area: 7,410 dpmllO0 cm2 (3368 pCi/lOO cm2) 

. 

Average U-23 8 concentration: 

(7410 dpm/lOO cm2)(pCi I 2.2 dpm)( 100 cm2 / 2438 g) 
= 1.38 pCi/g 

~_____~ -___ _. 
The initial airborne concentration is: 

(1.38 pCi/g)( 180 ug/ m3) = 2.49 x 10” pCi/ m3 

The dose to the hypothetical maximally exposed individual will depend on the duration of 
exposure. The duration of exposure will depend on the amount of floor to be removed and the 
rate it is removed. A work crew with a front loader can demolish 4 in. concrete slabs at a rate of 
3.1 m3 per hour (p.30 Waier 1996). The total volume of contaminated concrete floor in 
building A is 108 m3. j 

‘\ 
The duration of the demolition of the floor is: 

(108 m3> I(3.1 m3 /hr) = 34.78 hrs 

The inhalation intake is: 

(2.49 x lOA pCi/ m3)(2.5 m3 kr)(34.78 hrs) = 0.0216 pCi 

And the dose is: 

U-234 = (0.0216 pCi)(O.l3 mrem/ pCi) = 0.00281 mrem 
U-235+D = 0.046(0.0216 pCi)(O.l2 mrem/ pCi) = 1.19 x lOA mrem 
U-238+D = (0.0216 pCi)(O.l2 mreml pCi) = 0.00259 mrem 

Dose from Building A Floor Demolition = 0.00552 mrem 
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Dose from Complete Floor Demolition and Removal of Both Buildings = 0.016 mrem. 

Contamination in Buildiw Rubble 

To estimate the total radioactive contamination expected in the building rubble that would be 
crushed and disposed of following demolition, the total activity assumed to be in the concrete 
rubble is dispersed throughout the entire concrete rubble mass of the building (both contaminated 
and uncontaminated). The concentration of radioactivity in all concrete building rubble is the 
result of an EXCEL spreadsheet that is shown in Attachment F. 

U-234 radioactivity in concrete = 2.35 x 10’ pCi = 2.35 mCi 
U-235+D radioactivity in concrete = O-046(2.35 x 10’ pCi) = 0.11 mCi 
U-238+D radioactivity in concrete = 2.35 x 10’ pCi = 2.35 mCi 

The average concentration of total uranium for the building rubble is calculated as: 

4.81 x 10’ pCi f2.08 x 10’ g = 2.3 1 pCi/g 

The spreadsheet shown in Attachment F shows that the uranium activity in the dust on the wood 
beams is so much lower than the activity in the concrete rubble that it does not affect the average 
concentration in building rubble. The average concentration of 2.3 1 pCi/g calculated for 
concrete rubble is assumed for the average concentration of total uranium for all building rubble. 

This concentration is we11 below the uranium soil contam@ation guideline of 100 pCi per gram 
established for the Ventron site. In addition, it is comparaf$je to the natural radioactivity found in 
many common building materials. Attachment G contains ahfable which lists the natural 
radioactivity concentrations found in common building materials. 

The values of the individual uranium isotopes would therefore be: 

U-234 = 2.35 mCi 
U-235 = 0.11 mCi 
U-238 = 2.35 mCi 

These values are well below the EPA’s Reportable Quantities (RQs) for U-234. U-235, and 
U-238 specified in 40 CFR 302. 

Using the specific activity of the uranium isotopes, the mass of the uranium present is 

U-234 = (2.35 mCi)/(6.19 mCi/$ = 0.38 g 
U-235 = (0.11 mCi)/(2.14 x 10‘ mCi/g) = 50.6 g 
U-238 = (2.35 mCi)/(3.33 x 10S3 mCi/g) = 7066 g 
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The total mass of uranium is: 

U=7117g=157lbs 

This value is well below EPA’s RQ values for uranium compounds (uranyl acetate, uranyl 
nitrate) with respect to chemical hazards. 

Crusher Oaerations 

A portion of concrete rubble from the demolition of buildings A and A- 1 will be crushed and 
used as backfill on site. The remainder will be disposed of in a construction landfill.. It is 
unknown at this time how much of the material will be crushed, therefore, the conservative 
assumption was made for the purposes of this cafculation that all concrete rubble will be crushed. 
The processing rate of 20 yd’/hr was developed from BNI experience with crushing operations. 
An EXCEL printout for the crusher operation is contained in Attachment F. The dose for 
crushing the associated rubble is estimated to be 0.015 mrem. A mass loading factor of 
180 l..qjm3 was assumed for all crusher activities, 

The following explains step-by-step the calculation in Attachment F. 

The concentration of total uranium in the concrete was given above as 2.3 1 pCi/g. 
1 \. 

The airborne concentration is: ‘. 

(2.31 pCi/g)(180 ug/m3)=4.16x lOA pCi/ m3 

The dose to the hypothetical maximally exposed demolition worker will depend on the duration 
of exposure. The duration of exposure will depend on the production rate of the crusher. The 
crusher has an assumed production rate of 20 yd3 per hour. The total volume of contaminated 
concrete is 1135 yds. 

The duration of the crushing operation is: 

(1135 yd3) / (20 yd3 Ihr) = 56.76 hrs 

The inhalation intake is: 

(4.16 x 1 Od pCi/ m3)(2.5 m3 /hr)(56.76 hrs) = 0.059 pCi 
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And the dose is: 

U-234 = 0.489(0.059 pCi)(O.l3 mrem/ pCi) = 0.0038 mrem 
U-235+D = 0.022(0.059 pCi)(O.l2 mrem/ pCi) = 0.00016 mrem 
U-238+D = 0.489(0.059 pCi)(O.l2 mrem/ pCi) = 0.0035 mrem 

Dose to demolition worker from crusher operation is 0.0074 mrem. 

The site owner has indicated that wood and any masonry rubble that is not used as backfill will 
go to a construction landfill for disposal. A calculation was performed assuming all wood and 
masonry material is disposed of in a landfill. This assumption is more conservative than 
assuming that the masonry material is used as backfill and left on-site because the landfill will 
have a minimum daily soil cover of only 6” whereas the backfill used on-site will probably have 
at least 6” of soil in order to grow grass or will have a building with a concrete slab built on top 
of the backfill. 

Dose from the material disposed of in a landfill is estimated by using the RESMD computer 
code, Version 5.61. The summary result page is given in Attachment F. An estimated 17.3 yd3 
of wood and 1135 yd3 of masonry material will be generated from the demolition of buildings A 
and A- 1. If this volume of material was spread in a 1’ thick layer, it would occupy 289 m2 in a 
landfill. The material is assumed to contain 2.3 1 pCi/g of<otal uranium as determined above. If 
it is assumed that a landfill worker spends 1 hr per day stand@g directly over the burial area, the 
resulting dose is 7.7 x 10e4 mrem/yr. 

CONCLUSIONS 

Contamination on the walls, overheads, and floors of Buildings A and A-l will not result in a 
radiation dose above 100 mrem to any member of the general public. The maximum dose to a 
hypothetical demolition worker is estimated to be 2.5 mrem, and offsite exposure to the general 
public would be much less. Of the 2.5 mrem, 1.8 mrem is attributable to the removal of pipes in 
buildings A and A- 1. The maximum dose to a hypothetical recycling worker is estimated to be 
5.0 mrem. Concrete rubble is expected to contain 2.3 1 pCi/g of total uranium. Given the low 
radiation dose calculated to result from wall, overhead, and floor contamination (and the fact that 
these calculations were very conservative and likely over-estimated the dose) and the expectation 
that the concrete rubble will contain activity concentrations equivalent to background, no 
remedial action need be performed. 

Exposure to member of the general public could occur through disposal of the building materials. 
Waste slag from metal smelting is typically used as roadbed material with at least 6” of gravel 
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and asphalt cover. A person spending 1 hr per day, 7 days per week, exposed to the covered 
roadbed material would receive an estimated 0.33 mrem/yr. If all masonry material and wood is 
disposed of in a construction landfill, a landfill worker spending 1 hr per day exposed to the 
material buried under a 6” clean soil cover would received an estimated dose of 7.7 x lo4 
mrem/yr. These doses are indistinguishable from typical background doses. 
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ATTACHMENT A 

Wall Demolition 
Building A 

. - 
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Wall Demolition 
Building A 

p! 
5 ? 
z h 
: Maximum Average from Room 29, West Wall = 24434 dpm/l 00 cm2 

Contaminated Walls 

Room Wall Area 
Block Window Pane Window 

Area Area Type 

9 East 84 0 
13 West 294 0 
27 West 104 0 
29 North 184 0 
29 South 184 0 
29 West 161 0 
19 North 266 0 
19 South 266 0 
28 East 132 0 
19 East 420 0 
20 East 776 36 
27 South 276 0 
30 West 1184 192 
29 North 184 0 
29 South 184 0 
29 west 161 0 
29 East 170 0 
B-l North 490 0 
B-l East 259 0 
B-2 South 242 0 
B-3 North 252 0 
B-3 South 232 0 
B-3 West 518 0 
B-3 East 518 0 

0 Wood frame and sheet rock 
0 Wood frame and sheet rock 
36 Wood Frame and Sheet Rock 
6 112 Wood/sheet rock and 112 12” concrete 
6 112 Wood/sheet rock and l/2 12” concrete 
9 l/2 Wood/sheet rock and l/2 12” concrete 
0 4” Cinder Block 
0 4” Cinder Block 
8 4” Cinder Blo’ck 
0 8” Cinder block 
0 /’ 8” Cinder block 

” 4 8” Cinder block ., 
. 24 8” cinder block 

6 II2 Wood/sheet rock and l/2 12” concrete 
6 l/2 Wood/sheet rock and 112 12” concrete 
9 l/2 Wood/sheet rock and 1 I2 12” concrete 
0 12” Concrete 
0 12” concrete 
0 12” concrete 
38 12” concrete 
0 12” concrete 

20 12” concrete 
0 12” concrete 
0 12” concrete 

I-A 
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Sheet Rock Walls 

Total area: 1011 ft’ contaminated 
Total pCi: 
Total Vol: 

Thickness: 

Density: 
Mass under 100 cm*: 
Average cont.: 

Mass loading 
Factor: 
Removal 
Rate: 
Removal 
Time: 
Airborne cone: 

Inhalation 
Rate: 
Intake: 

U-234 DCF: 
U-235 DCF: 
U-238 DCF: 

U-234 dose: 
U-235 dose: 
U-238 dose: 

l.O4E+08 pCi present 
42 ft3 contaminated 

1.56 yd3 contaminated 
1 .I 9 m3 contaminated 

0.5 in 
1.27 cm 

1.8 g/cm3 
228.6 g 
48.58 pCi/g 

1.80E-04 g/m3 

1000 ft*/day (p.38 Waier 1996) 

8.09 hr 
8.75E-03 pCi/m3 

2.5 m3/hr 
1.77E-01 pCi 

.’ 
.A 

0.13 mrem/pCi 
0.12 mrem/pCi 
0.12 mrem/pCi 

2.30E-02 mrem 
9.76E-04 mrem 
2.12E-02 mrem 

Wall Demolition 
Building A 

4” Cinder Block Walls 

Total area: 
Total pCi: 
Total Vol: 

664 ftL contaminated 
6.85E+07 pCi present 

1 II ft3 contaminated 
4.10 yd3 contaminated 
3.13 m3 contaminated 

2 in 
5.08 cm 
2.4 g/cm3 

1219.2 g 
9.11 pCi/g 

Thickness: 

Density: 
Mass under 100 
Average cont.: 

Mass loading 
Factor: 
Removal 
Rate: 
Removal 
Time: 
Airborne cone: 

1.80E-04 g/m3 

6600 ft*/day (p.29 Waier 1996) 

0.80 hr 
1.64E-03 pCi/m3 

Inhalation 
Rate: 
Intake: 

2.5 m?/hr 
3.30E-03 pCi 

U-234 DCF: 
U-235 DCF: 
U-238 DCF: 

U-234 dose: 
U-235 dose: 
U-238 dose: 

0.13 mrem/pCi 
0.12 mrem/pCi 
0.12 mrem/pCi 

4.29E-04 mrem 
1.82E-05 mrem 
3.96E-04 mrem 

Total Dose = 8.43E-04 mrem 

cm*: 

ITotal Dose = 4.52E-02 mrem 
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8” Cinder Block Walls 

Total area: 
Total pCi: 
Total Vol: 

2656 ft’ contaminated 
2.74E+08 pCi present 

885 ft3 contaminated 
32.79 yd3 contaminated 

25.07 m3 contaminated 

Thickness: 4 in 
10.16 cm 

Density: 2.4 g/cd 

Mass under 100 cm*: 2438.4 g 

Average cont.: 4.55 pCi/g 

Mass loading 
Factor: 1.80E-04 g/m3 
Removal 
Rate: 3300 ft*/day (p.29 Waier 1996) 
Removal 
Time: 6.44 hr 
Airborne cone: 8.20E-04 pCi/m3 

..N’ 
,’ 

Inhalation .A 
Rate: 2.5 m3/hr 
Intake: 1.32E-02 pCi 

U-234 DCF: 0.13 mrem/pCi 
;U-235 DCF: 0.12 mremlpci 
‘U-238 DCF: 0.12 mrem/pCi 

U-234 dose: 1.72E-03 mrem 

U-235 dose: 7.28E-05 mrem 
U-238 dose: 1.58E-03 mrem 

Total Dose = 3.37E-03 mrem 

Wall Demolition 
Building A 

12” Solid Block Walls 

Total area: 
Total pCi: 
Total Vol: 

3210 ftL contaminated 
3.31 E+08 pCi present 

3210 ft3 contaminated 
118.89 yd3 contaminated 

90.90 m3 contaminated 

Thickness: 

Density: 

Mass under 100 cm*: 

Average cone:: 

12 in 
30.48 cm 

2.4 g/cm3 

7315.2 g 
1.52 pCi/g 

Mass loading 
Factor: 
Removal 
Rate: 
Removal 
Time: 
Airborne cone: 

1.80E-04 g/m3 

1800 ft2/day (p.29 Waier 1996) 

14.27 hr 
2.73E-04 pCi/m3 

Inhalation 
Rate: 
Intake: 

2.5 m3/hr 
9.75E-03 pCi 

U-234 DCF: 0.13 mremlpci 
U-235 DCF: 0.12 mremlpci 
U-238 DCF: 0.12 mremlpci 

U-234 dose: 
U-235 dose: 
U-238 dose: 

1.27E-03 mrem 
5.38E-05 mrem 
1.1.7E-03 mrem 

2.49E-03 mrem 
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Wall Demolition 
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Wall Demolition 
Building A-l 

?? 
s El 
z 
h 
:: Maximum Average from Room 29, West Wall = 24434 dpm/lOO cm* 

Contaminated Walls 

Room Wall Area 

0-e 

Block Window Pane Window 
Area Area 

(fit21 (fi2) 
Type 

1 East 111 0 
5 East 445 16 
5 North 258 36 
1 West 131 16 
6 west 875 0 
7 North 301 0 
7 South 301 0 
7 West 280 0 
7 East 280 0 
10 South 448 0 
B-l North 84 0 
B-l West 122 0 
2 South 278 0 
6 North 402 0 
10 North 448 0 
10 West 196 0 
B-l South 78 0 
B-l East 126 0 
B-4 North 308 0 

36 
36 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 ,/* 

.g 
,’ 

Wood frame and sheet rock 
4” Cinder Block 
8” Cinder block 

6” concrete 
6” concrete 
6” concrete 
6” concrete 
6” concrete 
6” concrete 
6” concrete 
6” concrete 
6” concrete 

12” Concrete 
12” concrete 
12” concrete ’ * 
12” concrete 
12” concrete 
12” concrete 
12” concrete 

HAZ-Al .XLS 



Sheet Rock Walls 

A- 
$ 
5 

Total area: 
Total pCi: 

cm’: 

Rate: 
Removal 
Time: 
Airborne cone: 

1000 ft*/day (p.38 Waier 1996) 

0.89 hr 
8.75E-03 pCi/m3 

Inhalation 
Rate: 
Intake: 

U-234 DCF: 
U-235 DCF: 
U-238 DCF: 

U-234 dose: 
U-235 dose: 
U-238 dose: 

2.5 m3/hr 
1.94E-02 pCi 

0.13 mrem/pCi 
0.12 mrem/pCi 
0.12 mrem/pCi 

2.52E-03 mrem 
l.O7E-04 mrem 
2,33E-03 mrem 

Total Dose = 4.96E-03 mrem 

111 ft’ contaminated 
1 .I 5E+07 pCi present 

5 it3 contaminated 
0.17 yd3 contaminated 
0.13 m3 contaminated 

0.5 in 
1.27 cm 

1.8 g/cm3 
228.6 g 
48.58 pCi/g 

1.80E-04 g/m3 

Wall Demolition 
Building A-l 

4” Cinder Block Walls 

rotal area: 
rotal p.Ci: 
rotal Vol: 

445 ft2 contaminated 
4.59E+07 pCi present 

74 ft3 contaminated 
2.75 yd3 contaminated 
2.10 m3 contaminated 

Thickness: 2 in 
5.08 cm 

Iensity: 2.4 g/cm3 
Mass under 100 cm’: 1219.2 g 
4verage cont.: 9.11 pCi/g 

\nass loading 
Factor: .I .80E-04 g/m3 
Removal 
Rate: 6600 f&day (p.29 Waier 1996) 
Removal 
Time: 0.54 hr. 
Airborne cone: 1.64E-03 pCi/m3 

Inhalation 
Rate: 2.5 m3/hr 
Intake: 2.21 E-03 pCi 

U-234 DCF: 0.13 mrem/pCi 
U-235 DCF: 0.12 mrem/pCi 
U-238 DCF: 0.12 mrem/pCi 

U-234 dose: 2.87E-04 mrem 
U-235 dose: 1.22E-05 mrem 
U-238 dose: 2.65E-04 mrem 

Total Dose = 5.65E-04 mrem 
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4” Block Windows Pane Windows 

otal area: 
otal pCi: 
otal Vol: 

68 ft’ contaminated 
7.02E+06 pCi present 

23 ft3 contaminated 
0.84 yd3 contaminated 
0.64 m3 contaminated 

T otal area: 
T otal pCi: 
T otal “01: 

138 ft’ contaminated 

hickness: 

lensity: 
lass under 100 cm’: 
verage cont.: 

4 in 
10.16 cm 

2.6 g/cm3 
2641.6 g 

4.20 pCi/g 

lass loading 
actor: 
.emoval 
.ate: 
.emoval 
ime: 
irborne cone: 

1.80E-04 g/m3 

1800 ft’/day (p.29 Waier 1996) 

0.30 hr 
7.57E-04 pCi/m3 

T hickness: 

D lensity: 
N lass under 100 cm*: 
A verage cont.: 

Iv lass loading 
F actor: 
R emoval 
R ate: 
R emoval 
-I. ime: 
A irborne cone: 

In rhalation 
R ate: 
In Itake: 

U -234 DCF: 
U -235 DCF: 
U -238 DCF: 

U l-234 dose: 
U I-235 dose: 
U l-238 dose: 

T otal Dose = 

I .42E+07 pCi present 
1.44 ft3 contaminated 
0.05 yd3 contaminated 
0.04 m3 contaminated 

0.125 in 
0.3175 cm 

2.6 g/cm3 
82.55 g 

134.54 pCi/g 

1:80E-04 g/m3 

1800 ft*/day (p.29 Waier 1996) 

0.61 hr 
2.42E-02 pCi/m3 

rhalation 
ate: 
rtake: 

-234 DCF: 
-235 DCF: 
-238 DCF: 

l-234 dose: 
1-235 dose: 
l-238 dose: 

‘otal Dose = 

2.5 m3/hr 
5.72E-04 pCi 

0.13 mrem/pCi 
0.12 mrem/pCi 
0.12 mrem/pCi 

7.43E-05 mrem 
3.16E-06 mrem 
6.86E-05 mrem 

1.46E-04 mrem 

./ 
,I’ 

.a 
2.5 m3/hr 

3.71 E-02 pCi 

0.13 mrem/pCi 
0.12 mrem/pCi 
0.12 mrem/pCi 

4.83E-03 mrem 
2.05E-04 mrem 
4.46E-03 mrem 

9.49E-03 mrem 

Wall Demolition 
Building A-l 

HAZ-Al .XLS I 



6” Solid Block Walls 

Total area: 
Total pCi: 
Total Vol: 

2822 ft’ contaminated 
2.91 E+08 pCi present 

1411 ft3 contaminated 
52.26 yd3 contaminated 
39.96 m3 contaminated 

Thickness: 6 in 
15.24 cm 

Iensity: 2.4 g/cm3 
Vlass under 100 cm*: 3657.6 g 
Sverage cont.: 3.04 pCi/g 

Mass loading 
Factor: 1.80E-04 g/m3 
Removal 
Rate: 3600 ft’/day (p.29 Waier 1996) 
Removal 
Time: 6.27 hr 
fiirborne cone: 5.47E-04 pCi/m3 

Inhalation 
Rate: 2.5 m3/hr a’ 

Intake: 8.57E-03 pCi 
_a 

J-234 DCF: 0.13 mrem/pCi 
J-235 DCF: 0.12 mrem/pCi 
J-238 DCF: 0.12 mrem/pCi 

J-234 dose: 1 .I 1 E-03 mrem 

J-235 dose: 4.73E-05 mrem 
J-238 dose: l.O3E-03 mrem 

Total Dose = 2.19E-03 mrem 

Wall Demolition 
Building A-l 

Rubble Removal 

Total Vol: 3436 ft3 contaminated 
127.26 yd3 contaminated 
97.29 m3 contaminated 

Weighted 
Average cont.: 

Mass loading 
Factor: 
Removal 
Rate: 
Removal 
Time: 
Airborne cone: 

Inhalation 
Rate: 
Intake: 

U-234 DCF: 
U-235 DCF: 
U-238 DCF: 

U-234 dose: 
U-235 dose: 
U-238 dose: 

Total Dose = 

2.52 pCi/g 

1.80E-04 g/m3 

40 m3/hr (p.30 Waier 1996) 

2.43 hr 
4.53E-04 pCi/m3 

2.5 m3/hr 
2.76E-03 pCi 

0.13 mrem/pCi 
0.12 mrem/pCi 
0.12 mrem/pCi 

3.58E-04 mrem 
1.52E-05 mrem 
3.31 E-04 mrem 

7.04E-04 mrem 

Total Dose from Wall Demolition 0.02 mrem 
Total pCi = &86E+08 pci 
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Buildings A and A-l 
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Overhead Demolition 
Buildings A and A-l 

Building Room 

Total 

Linear 

Feet 

Total 

Surface 

Area 

(ftz) 

Total 

Volume 

(fi3) 

Material 

A 20 76 76 
A 20 57 38 
A 30 1080 270 

A 30 1080 180 
A 30 400 667 
A 30 540 1258 
A 30 104 104 
A 30 540 270 

A Entire bldg. 1500 785 
A-l Entire bldg. 500 262 
A 19 38 6 
A 20 114 19 
A 20 200 33 
A 20 174 29 
A 30 420 70 
A 30 1200 200 
A 30 400 67 
A High Bays 1425 237 

4 Steel Beam 
2 Steel Beam 
21 Steel Angles 

10 Steel Angles 
24 Steel Beam 
42 Steel Beam 
3 Steel Beam 
5 Steel Plates 

4” iron piping 
4” iron piping 

6 Wood 
19 Wood 
22 Wood 
19 Wood 
70 Wo’od 
132 Wood 
44 wood 
156 Wood 

./ 
1’ 
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Overhead Demolition 
Buildings A and A-l 

r Wood Demolition 
Inhalation 

I Avg. survey reading: 5,065 dpm/lOO cm2 
3,971 linear ft contaminated 

661 ft2 contaminated 
1.41 E+07 pCi present 

Total linear feet: 
Total area: 
Total pCI: 

Thickness: 

Density: 
Mass under 100 cm’: 
Average cont.: 

0.1 in 
0.254 cm 

1.6 g/cm3 
40.64 g 
56.65 pCilg 

Mass loading 
Factor: 
Removal 
Rate: 
Removal 
Time: 
Ai#rborne cone: 

1.80E-04 g/m3 

1160 f12/day (p.37 Waier 1996) 

Inhalation 
Rate: 
Intake: 

4.56 hr 
l.O2E-02 pCi/m3 

2.5 m3/hr 
1.16E.01 pCi 

U-234 DCF: 
U-235 DCF: 
U-238 DCF: 

0.13 mrem/pCi 
0.12 mrem/pCi 
0.12 mrem/pCi 

/’ 
c’. 

.- 

U-234 dose: 1.51 E-02 mrem 
U-235 dose: 6.41 E-04 mrem 
U-238 dose: I .39E-02 mrem 

ITotal Dose = 2.97E-02 mrem I 

Wood Demolition 
Ingestion 

Avg. survey reading: 5065 dpm/lOO cm’ 
Total linear feet: 3,971 linear ft contaminated 
Total area: 661 ft2 contaminated 

Thickness: 0.1 in 
0.254 cm 

Density: 1.6 g/cm3 
Mass under 100 cm2: 40.64 g 
Average cont.: 56.65 pCi/g 

Removal Removal 
Rate: Rate: 
Removal I. Removal I. 
Time: Time: 

Ingestion , Ingestion , 
Rate: Rate: 
Intake: Intake: 

1160 f&day (p.37 Waier 1996) 1160 f&day (p.37 Waier 1996) 

4.56 hr 4.56 hr 

480 mglday 480 mglday 
1.55E+Ol pCi 1.55E+Ol pCi 

U-234 DCF: 
U-235 D’CF: 
U-230 DCF: 

2.80E-04 mremlpci 
2.70E-04 mrem/pCi 
2.70E-04 mrem/pCi 

U-234 dose: 
U-235 dose: 
U-238 dose: 

4.34E-03 mrem 
1.92E.04. mrem 
4.18E-03 mrem 

8.71E-03 mrem 

Demolition worker dose from wood = 3.84E-02 mrem 

HAZ-MISCXLS 



p! E 
3 
z h 
0 
0 

Steel Demolition Steel Demolition 
Inhalation Ingestion 

&vg. survey reading: 3,901 dpm/lOO cm2 
Total linear feet: 3,877 linear ft contaminated 
Total area: 2863 tt2 contaminated 
Total pCi: 4.72E+07 pCi present 

Thickness: 0.1 in 

0.254 cm 
Density: 1.6 g/cm3 
Mass under 100 cm’: 40.64 g 
l\verage cont.: 43.63 pCi/g 

Mass loading 
Factor: 1.80E-04 g/m3 
Removal 
Rate: 400 LF/day (p.34 Waier 1996) 
Removal 
Time: 77.54 hr 
Airborne cone: 7.85E-03 pCi/m3 

Inhalation 
Rate: 2.5 m3/hr 
Intake: 1.52E+OlO pCi 

U-234 DCF: 0.13 mrem/pCi . . 

U-235 DCF: 
* 

0.12 mrem/pCi 
U-238 DCF: 0.12 mrem/pCi 

U-234 dose: 1.98E-01 mrem 

U-235 dose: 8.40E-03 mrem 
U-238 dose: 1.83E-01 mrem 

Total Dose = 3.89E-01 mrem 

Avg. survey reading: 
Total linear feet: 
Total area: 

Thickness: 

Density: 
Mass under 100 cm’: 
Average cow: 

3,901 dpmllO0 cm2 
3,877 linear ft contaminated 

2863 ft2 contaminated 

0.1 in 

0.254 cm 

1.6 g/cm3 
40.64 g 
43.63 pCi/g 

Removal 
Rate: 
Removal 
Time: 

400 t-F/day (p.34 Waier 1996) 

77.54 hr , 

Ingestion 
Rate: 
Intake: 

480 mglday 
2.032+02 pCi 

U-234 DCF: 
U-235 DCF: 
U-238 DCF: 

2.80E-04 mrem/pCi 
2,70E-04 mrem/pCi 
2.70E-04 mrem/pCi 

U-234 dose:. 
U-235 dose: 
U-238 dose: 

5.68E-02 mrem 
2.52E-03 mrem ’ 
5.48E-02 mrem 

. 
Total Dose = 1.14E-01 mrem 

Demolition worker dose from steel = 

Overhead Demolition 
Buildings A and A-l 

5.03E-01 mrem 

HAZ-MISCXLS 

?ZO 
2 

i 2. 2. 29 

i’ (D -’ C 

03 

i”S 

I G 

$. 



, 

Pipe Demolition Pipe Demolition 
inhalation ingestion 

Avg. survey reading: 9,970 dpm/lOO cm2 
Total linear feet: 2,000 linear ft contaminated 
Total area: 1047 ft2 contaminated 
Total pCi: 4.41 E-+07 pCi present 

Thickness: 0.1 in 
0.254 cm 

Density: 1.6 g/cm3 
Mass under 100 cm’: 40.64 g 
Average cont.: 111.51 pCi/g 

Mass loading 
Factor: 1.80E-04 g/m3 
Removal 
Rate: 150 LFlday (p.37 Waier 1996) 
Removal 
Time: 106.67 hr 
Airborne cone: 2.01 E-02 pCi/m3 

Inhalation 
Rate: 2.5 m3/hr 
Intake: 5.35E+OO pCl 

U-234 DCF: 0.13 mrem/pCi .> 
U-235 DCF: 0.12 mrem/pCi 
U-238 DCF: 0.12 mrem/pCi 

U-234 dose: 6.96E-01 mrem 
U-235 dose: 2.95E-02 mrem 
U-238 dose: 6.42E-01 mrem 

Total Dose = 1.37E+OO mrem 

Avg. survey reading: 
Total linear feet: 
Total area: 

9,970 dpm/lOO cm2 
2,000 linear ft contaminated 

1047 ft* contaminated 

Thickness: 

Density: 
Mass under 100 cm*: 
Average cont.: 

0.1 in 
0.254 cm 

1.6 g/cm3 
40.64 g 

111.51 pCi/g 

Removal 
Rate: 
Removal 
Time: 

150 LF/day (p.37 Waier 1996) 

106.67 hr 

Ingestion 
Rate: 
Intake: 

480 mglday 
7.14E+02 pCi 

U-234 DCF: 
U-235 DCF: 
U-238 DCF: 

2.80E-04 mrem/pCi 
2.70E-04 mrem/pCi 
2.70E-04 mrem/pCi 

U-234 dose: 
U-235 dose: 
U-238 dose: 

2.00E-01 mrem 
8.86E-03 mrem . 
1.93E-01 mrem 

Total Dose = 4.0lE-01 mrem 

Demolition worker dose from pipes = 

Overhead Demolition 
Buildings A and A-l 

1.77E+OO mrem 

HAZ-MISC.XLS 



r Steel and Pipe Cutting 
Inhalation I 

Weighted avg. 5,966 dpm/lO~O cm* 
Total linear feet: 5,877 linear ft contaminated 

Total area: 3910 ft* contaminated 

Thickness: 0.1 in 

0.254 cm 

Density: 1.6 g/cm3 

Mass under 100 cm2: 40.64 g 
Average cont.: 66.73 pCi/g 

Mass loading 
Factor: 
Frequency of 
cuts: 
Time to make 
a cut: 
Cutting Time: 
Airborne cone: 

Inhalation 
Rate: 
Intake: 

U-234 DCF: 
U-235 DCF: 
U-238 DCF: 

1.80E-04 g/m3 

15 n 

1.00 min 
6.53 hrs 

1.20E-02 pCi/m3 

2.5 m3/hr 
1.96E-01 pCi 

0.13 mrem/pCi 
0.12 mrem/pCi 
0.12 mrem/pCi 

Overhead Demolition 
Buildings A and A-l 

Total Dose from 
Overhead Demolition = 

Total pCi = 

HAZ-MISCXL6 

2.36 mrem 
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Overhead Recycling 
Building A and A-l 

luilding Room 

Total 

Linear 

Feet 

Total 

Surface Total 

Area Volume Material 

P2) (fi3) 

A 20 76 76 
A 20 57 38 
A 30 1080 270 
A 30 1080 180 
A 30 400 667 
A 30 540 1258 
A 30 104 104 
A 30 540 270 
A Entire bldg. 1500 785 

A-l Entire bldg. 500 262 
A 19 38 6 
A 20 114 19 
A 20 200 33 
A 20 174 29 
A 30 420 70 
A 30 1200 200 
A 30 400 67 
A High Bays 1425 237 

4 Steel Beam 
2 Steel Beam 
21 Steel Angles 
10 Steel Angles 
24 Steel Beam 
42. Steel Beam 
3 Steel Beam 
5 Steel Plates 

4” iron piping 
4” iron piping 

'6 Wood 
19 Wood 
22 Wood 
19 Wood 
70 Wood 
132 Wood 
44 Wood 

- 156 woog/ 
,,.L 
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I Slag from Melting Steel and Pipes 

Weighted avg. 
Total linear feet: 
Total area: 
Total activity: 
Vol. of steel: 

Ingestion 
5,966 dpmll00 cmL 
5,877 linear ft contaminated 

3910 ft* contaminated 
9.85E+07 pCi 

111 ft3 

Fraction of U in slag: 
Fraction of metal 
in slag: 
Density of steel: 
Mass of steel beams: 
Weight of pipe: 
Mass of pipes: 
Density of slag: 
Cont. in slag: 

0.99 

0.03 
7.86 g/cm3 

2.47E+07 g 
10.79 IbItt of pipe 

9.80E+06 g 
3.93 g/cm3 

94.21 pCi/g 

Ingestion 
Rate: 
Exposure time: 
Intake: 

U-234 DCF: 
U-235 DCF: 
U-238 DCF: 

U-234 dose: 
U-235 dose: 
U-238 dose: 
Total Dose = 

480 mglday 
0.1 yr 

1.58E+03 pCi 

2.80E-04 mremlpci 
2.70E-04 mrem/pCi 
2.70E-04 mrem/pCi 

4.43E-01 mrem 
1.97E-02 mrem 
4.27E-01 mrem 
8.90E-01 mrem 

Overhead Recycling 
Building A and A-l 

I Slag from Melting Steel and Pipes 
I External Dose 
Weighted avg. 
Total linear feet: 
Total area: 
Total activity: 
Vol. of steel: 

5,966 dpmllO0 cm’ 
5,877 linear ft contaminated 

3910 fl* contaminated 
9.85E+07 pCi 

111 ft3 

Fraction of U in slag: 
Fraction of metal 
in slag: 
Density of steel: 
Mass of steel beams: 
Weight of pipe: * 
Mass of pipes: ~ 
Density of slag: 
Cont. in slag: 

0.99 

0.03 
7.86 g/cm3 

2.47E+07 g 
10.79 Ib/ft of pipe 

9.8OE+O6 g 
3.93 g/cm3 

94.21 pCilg 

Exposure time: 

U-234 DCF: 
U-235 DCF: 
U-238 DCF: 

U-234 dose: 
U-235 dose: 
U-238 dose: 
Total Dose = 

0.1 yr 

6.97E-04 mrem/yr/pCi/cm3 
4.90E-01 mrem/yr/pCilcm3 
6.97E-02 mrem/yr/pCilcm3 

2,58E-02 mrem 
8.35E-01 mrem 
268E+OO mrem 
3.44E*OO mrem 

Total dose to recycling worker = 5.01 mrem 
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Sandblasting of Steel and Pipes 
Inhalation 

Neighted avg. 
Total linear feet: 
Total area: 

5,966 dpm/lO’O cmL 
5,877 linear ft contaminated 

3910 ft2 contaminated 

0.1 in 
0.254 cm 

1.6 g/cm3 
40.64 g 
66.73 pCi/g 

1.80E-04 g/m3 

1352 ft*/day (p.149 Waier 1996) 

Thickness: 

Density: 
Mass under 100 cm*: 
Average cone.: 

Mass loading 
Factor: 
Removal 
Rate: 
Removal 
Time: 
Airborne cone: 

23.13 hr 
1.20E-02 pCilm3 

Inhalation 
Rate: 
Intake: 

2.5 m3/hr 
6.95E-01 pCi 

U-234 DCF: 
U-235 DCF: 
U-238 DCF: 

U-234 dose: 
U-235 dose: 
U-238 dose: 

0.13 mrem/pCi 
0.12 mrem/pCi 

0.12 mrern/pCi 

9.03E-02 mrem 
3.83E-03 mrem 
8.34E-02 mrem 

Total Dose = 1,78E-01 mrem 

1’ 
.d 

Overhead Recycling 
Building A and A-l 

I Slag from Melting Steel and Pipes 

Weighted avg. 

Inhalation 
5,966 dpmll00 cm’ 

Total linear feet: 5,877 linear tt contaminated 
Total area: 3910 ft* contaminated 
Total activity: 9.85E+07 pCi 
Vol. of steel: 111 ft3 

Fraction of U in slag: 
Fraction of metal 
in slag: 
Density of steel: 
Mass of steel beams: 
Weight of pipe: 
Mass of pipes: 
Density of slag: 
Cont. in slag: 

0.99 

0.03 
7.86 g/cm3 

2.47E+O7 g 
10.79 Ib/fl of pipe 

9.80E+06 g 
3.93 g/cm3 

94.21 pCilg 

Mass loading 
Factor: 
Exposure time: 
Airborne cone: 

Inhalation 
Rate: 
Intake: 

U-234 DCF: 
U-235 DCF: 
U-238 DCF: 

U-234 dose: 
U-235 dose: 
U-238 dose: 

3.00E-05 g/m3 
0.1 yr 

2.83E-03 pCilm3 

2.5 m3/hr 
1.98E+OO pCi 

0.13 mrem/pCi 
0.12 mrem/pCi 
0.12 mrem/pCi 

2.57E-01 mrem 
l.O9E-02 mrem 
2.37E-01 mrem 

5.06E-01 mrem 
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Floor Demolition 
Buildings A and A-I 
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Floor Demolition Rubble Removal 

Total area: 
Total pCi: 
Total Vol: 

11422 ft” contaminated 
3.57E+08 pCi present 

3807 ft3 contaminated 
141 .Ol yd3 contaminated 
107.81 m3 contaminated 

Total area: 11422 ftL contaminated 

Total Vol: 

Thickness: 4 in 
IO.16 cm 

Density: 2.4 g/cm3 
Mass under 100 cm’: 2438.4 g 
Average cont.: 1.38 pCi/g 

Mass loading 
Factor: 1.80E-04 g/m3 
Removal 
Rate: 3.1 m3/hr (p.30 Waier 1996) 
Removal 
Time: 34.78 hr 
Airborne cone: 2.49E-04 pCi/m3 

Inhalation /’ 
Rate: 2.5 m3/hr ,/” 

Intake: 2.16E-02 pCi 
.d 

Thickness: 

Density: 
Mass under 100 cm*: 
Average cont.: 

Mass loading 
Factor: 
Removal 
Rata: 
Removal 
Time: 
Airborne cone: 

3807 ft3 contaminated 
141 .Ol yd3 contaminated 
107.81 m3 contaminated 

4 in 
10.16 cm 

2.4 g/cm3 
2438.4 g 

1.38 pCi/g 

1.80E-04 g/m3 

40 m3/hr (p.30 Waier 1996) 

2.70 hr 
2.49E-04 pCi/m3 

Inhalation 
Rate: 
Intake: 

2.5 m3/hr 
1.68E-03 pCi 

lU-234 DCF: 
U-235 DCF: 
U-238 DCF: 

U-234 dose: 
U-235 dose: 
U-238 dose: 

Total Dose = 

0.13 mrem/pCi 
0.12 mrem/pCi 
0.12 mrem/pCi 

2.81 E-03 mrem 
1 .I QE-04 mrem 
2.59E-03 mrem 

5.52E-03 mrem 

U-234 DCF: 
U-235 DCF: 
U-238 DCF: 

U-234 dose: 
U-235 dose: 
U-238 dose: 

0.13 mrem/pCi 
0.12 mrem/pCi 
0.12 mrem/pCi 

2.18E-04 mrem 
9.25E-06 mrem 
2.01 E-04 mrem 

Total Dose = 4.28E-04 mrem 

Floor Demolition 
Building A 
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:: Maximum Average from Room 8 = 

Contaminated Rooms 

Floor Demolition 
Building A-l 

34096 dpm/lOO cm* 

Room Area 

@*I 
1 se 

1 205 4” concrete 
2 264 II 

4 483.75 ,I 

5 635.5 4, 

6 1723 8, 

8 344 II 

I 10 448 II I 
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Floor Demolition Rubble Removal 

rota1 area: 
rotal pCi: 
rotal Vol: 

4103.25 ft’ contaminated 
5.91 E+08 pCi present 

1368 ft3 contaminated 
50.66 yd3 contaminated 
38.73 m3 contaminated 

rotal area: 4103.25 ft” contaminated 

rotal Vol: 1368 ft3 contaminated 
50.66 yd3 contamin’ated 
38.73 m3 contaminated 

Thickness: 4 in 
10.16 cm 

IIensity: 2.4 g/cm3 
Vlass under 100 cm’: 2438.4 g 
4verage cont.: 6.36 pCilg 

t/lass loading 
‘actor: 1.80E-04 g/m3 
?emoval 
iate: 3.1 m3/hr (p.30 Waier 1996) 
?emoval 
rime: 12.49 hr 
9irborne cone: 1 .I 4E-03 pCi/m3 

nhalation ..;*J 
?ate: 2.5 m3/hr ,’ 

Intake: 3.57E-02 pCi . . 

rhickness: 

Density: 
Mass under 100 cm*: 
4verage cont.: 

4 in 
10.16 cm 

2.4 g/cm3 
2438.4 g 

6.36 pCi@ 

Jlass loading 
‘actor: 
iemoval 
iate: 
?emoval 
rime: 
qirborne cone: 

1.80E-04 g/m3 

40 m3/hr (p.30 Waier 1996) 

0.97 hr 
l.l4E-03 pCi/m3 

I nhalation 
I Liate: 
I ntake: 

U-234 DCF: 
U-235 DCF: 
U-236 DCF: 

U-234 dose: 
U-235 dose: 
U-238 dose: 

rotal Dose = 

0.13 mrem/pCi 
0.12 mrem/pCi 
0.12 mrem/pCi 

4.65E-03 mrem 
l.Q7E-04 mrem 
4.29E-03 mrem 

9.13E-03 mrem 

J-234 DCF: 
J-235 DCF: 
J-238 DCF: 

2.5 m3/hr 
2.77E-03 pCi . 

0.13 mrem/pCi 
0.12 mrem/pCi 
0.12 mrem/pCi 

I U-234 dose: 
I U-235 dose: 
I U-238 dose: 

3.60E-04 mrem 
1,53E-05 mrem 
3.32E-04 mrem 

1 rotal Dose = 7.08E-04 mrem 

Floor Demolition 
Building A-l 

HAZ-Al .XLS 
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Crusher Operations 
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Summary of Rubble Volumes 

Bldg Section Description Mass 

(9) 

U-238 
Activity 

Wi) 

A-l 

A-l 

Floor 

Walls 

4” Concrete 

4” Cinder block 
8” cinder block 
12” Solid block 
6” solid block 

2.20E+08 5.91 E-l-08 

8.08Ek08 586E+08 

A Floor 4” concrete 4.15E+08 3.57E+08 

A Walis 4” Cinder block 6.40E+08 8.19E+08 
8” cinder block 
12” Solid block 

Totals = 2.08E+09 2.35E+09 

Avg. cont. in masonry rubble = 2.31 

Masonry Rubble 
U-234 total activity = 
U-235 total activity’= 
U-238 total activity = 
Total Activity = 

2.35 mCi 
0.11 mCi 
2.35 mCi 
4.81 mCi 

Wood and masonry rubble 
Mass of wood = 2.12E+O7 
U-238 activity in dust on wood = 1.41 E+07 
Avg. cont. in building rubble = 2.30 

U-234 specific activity = 6.19 mCi/g 
U-235 specific activity= 2.14E-03 mCi/g 
U-238 specific activity= 3.33E-04 mCi/g 

‘\ 

pCi/g oktotal uranium 
‘* 

: - 

9 
pci 
pCi@ 

‘Mass of U-234 = 
Mass of U-235 = 
Mass of U-238 = 

0.38 g 
50.58 g 

7066.07 g 

Total mass of U = 7117.02 g 
15.6763 ibs 
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Concrete Crusher 

Production Rate = 20 yd?hr 

Concrete to be 
Processed = 1135.186 yd3 

Processing time = 56.7593 hrg 

Mass loading factor= 0.00018 g/m3 

Airborne cone = 0.000416 pCi/m3 

Inhalation rate = 2.5 m3/hr 

Intake = 

U-234 DCF = 
U-235 DCF = 
U-238 DCF = 

0.059032 pCi 

0.13 mrern/pCi. 
0.12 mrem/pCi 
0.12 mrem/pCi 

U-234 dose = 
U-235 dose = 
U-238 dose = 

Total dose = 

0.003753 mrem 
0.00&56 mrem 
0.003464 mrem 

0.007373 mrem 
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I4021u 

Sheet No.- 

RESKAD, Version 5.61 T?.$ Limit = 0.S year 03/oe/ss 17:35 Page 9 

sumary : RBSRPD default data File: VENI&ND.DAT 

Contaminated Zone Dimensions 

A?Za: 289.00 square maters 

Thickness: 0.30 meters 

Cover Depth: 0.15 meters 

Initial soil Concentrations, pCi/g 

U-234 1.1306+00 

U-235 5.100B-02 

u-238 l.l3OB+oo 

Total Dose TDOSE(t), m?xm/yr 

Basic Radiation Dose Limit = 30 mrem/yr 

Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t) 

t (years) : 0.000H+00 1.000B+00 3.ODOB+uO 1.OuuB+Ol 3.000E+Ol 1. oooHc02 3.oooB+o2 l.Q00E+03 

TDOSE(t) : 7.7318-04 7.6316-04 7.436E-04 6.7908-04 5.238E-04 Z.l.lSE-04 1.797E-05 4.2928-06 

M(t) : 2.5778-05 2.544&-05 2.4?9E-05 2.263R-05 1.7468-05 7.0596-06 5.9916-07 1.43lE-07 

Maximum TDOSE(t): 7.731E-04 mrem/yr at t = o.ooo3coo years 

a ‘. 
1 - 
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Attachment G 

Naturally Occurring Radiation in 
Building Materials and Solid Waste 

U-23 8 Ra-226 Th-232 Reference 
Material 

Red Brick 
Concrete 
Clay Brick 
Silicate Brick 
Granite 
Natural Gypsum 
Manufactured Gypsum 
Concrete Block (Fly Ash) 
Cement 
Silica Sand 
Photo Materials 
Coal 

. Fly Ash - Anthracite 
Fly Ash - Eastern Bituminous 
Fly Ash - Western Bituminous 
Fly Ash - Lignite 

@CW @CW @CW 

1.2 1.8 A 
0.9 
3.0 
0.2 
6.0 
0.4 

C 
c 1 - 12 

1.1 
0.3 

C 0.07 - .34 _- 
c 0.07 - 8.4 

3.0 
12.7 
5.4 
7.4 

D 

14 1.2 
0.2 * 0.1 
2.4 2.2 
0.6 0.2 

30-40 
0.2 - 4.0 1.0 - 1.2 

0.4 
0.5 

0.21 - 19 

5-6 

A 
A 
A 
A 
A 
B 
A 
A 
A 
A 
A 
B 
B 

B 

B 

A Fertilizer 

A Eisenbud, Merril(1987), “Environmental Radioactivity From Natural, industrial, and Military Sources,” 
Academic Press, Inc.., New York. 

B National Council on Radiation Protection and Measurements, “Expdsure From the Uranium Series with 
Emphasis on Radon and its Daughters,” NCRP Report 77, 1983. \, 

C Values shown are ranges 
D Reference does not give activities but does state that in 1974 about 26 million tons of ore (phosphate rock) 

mined for fertilizer production contained about 1,000 Ci of radium-226 in equilibrium with uranium-238 and 
3jOOO Ci of potassium-40 are added to the soil during fertilizer application in the US annually. 
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Department of Energy 
Oak Ridge Operations Office 

P.O. Box 2001 
Oak Ridge, Tennessee 3783-l--8723 

May 30, 1996 

MS, Lisa Alexander Mr. Thomas F. O’Connell 
Massachusetts Department of Mas&husetts Department of 

Environmental Protection Health, Radiation Control Program 
10 Commerce Way 305 South Street 
Woburn, Massachusetts 01801 Jamaica Plain, Massachusetts 02130 

Dear Ms. Alexander and Mr. O’Connell: 

VENTRON SITE - FINAL TRANSMITTAL OF REQUESTED INFORMATION 

In response to our meeting on March 27, 1996, I have enclosed supplemental information regarding 
the Department of Energy’s (DOE) proposed removal action at the Ventron Site in Beverly, 
Massachusetts. 

Dose calculations for the demolition of Buildings A and A-l were transmitted to you on March 15, 
1996, prior to our meeting. The first enclosure is the DOE Headquarters approval for the proposed 
approach for these buildings. The supplemental limits granted in this approval are based on the 
characterization data for the site and reference the dose calculations. As discussed in our meeting, 
measurements of levels of radioactivity present in the demolition debris,will be performed prior to 
release of this material to the site owner. These measurements will ensure compliance with the 
parameters used in the dose calculations. As requested at the meeting, we have also developed 
estimates of the potential risk associated with the demolition of Buildings A and A-l, which is 
included as a second enclosure. The maximum risks associated with these activities range from 10m9 
to 10e7, well below the target risk range established by the U.S. EPA and the target risk of 1c5 
estabiished by Massachusetts DEP. 

The uranium guideline derivation report was also transmitted to you prior to our meeting. This 
derivation was performed to determine a soil uranium activity concentration that would limit the 
potentiai radiation doses to current and future receptors to less than 100 mremlyr. The 100 mre&yr 
dose limit is a consensus standard, recognized by virtually all national and international radiation 

* protection authorities, including DOE, the U.S. Environmental Protection Agency (EPA), the 
Nuclear Regulatory Commission (NRC), the National Council on Radiation Protection and 
Measurements (NCRP) and the International Commission on Radiological Protection (ICXP). The 
soil concernration limit derived in this report, 230 pCi/g for uranium-238, was subsequently lowered 
to 100 pCi/g in order to implement DOE’s as-low as-reasonably-achievable (ALARA) policy. 
DOE’s soil criteria for the secondary contaminants of concern, radium-226 and thorium-232, are 
specified in DOE Order 5400.5, and are equivalent to those specified in EPA regulation 40 CFR 192 
for cleanup of uranium mill tailings. These criteria have been successfully applied at over 5000 
contaminated properties throughout the United States. 



Ms. Alexander and Mr. O’Connell 2 

As you requested at our meeting, I have also enclosed an analysis of the potential radiation dose and 
health risk associated with the site conditions following the removal action. Following completion of 
the proposed removal action, the dose to future occupants of the site is predicted to range from less 
than 1 mrem/yr to an upper bound of 3 mremlyr; these dose estimates are well below DOE 
guidelines and Massachusetts regulations for radioactive materials (i.e., 105 CMR 120 limits the dose 
from a remediated property not to exceed 10 mrem/yr above background for unrestricted use). The 
potential health risk to future site occupants is also estimated to meet EPA and Massachusetts DEP 
guidelines. In addition, a final dose assessment will also be performed following completion of the 
removal action, using actual post-remediation sampling results. 

This completes the deliverables that we committed to provide to you during our March meeting. 
Mobilization is scheduled to begin mid-June with the completion of remedial action scheduled for 
early September 1996. After completing the remedial action, the site will be released to DOE’s 
independent verification contractor (WC). The IVC will verify that the remedial action meets the 
established criteria. A Post-Remedial Action Report, Federal Register Notice, and a Certification 
Docket will be completed for the site. The Certification Docket is the final certification that the 
property meets all applicable criteria. 

The enclosed documents demonstrate that the proposed cleanup action will restore the site to a 
condition that presents no significant risk of harm to human health, safety, public welfare, or the 
environment, Also enclosed is a copy of the final Engineering Evaluation/Cost Analysis (EEKA). 
If you have any questions, please contact me at (423)576-9441. 

Sincerely, 

D. Kopotic, Site Manager 
Sites Restoration Division 

Enclosures: As stated 

cc w/o enclosures: 
Stephen M. Johnson, MA-DEP 
Alicia Raddatz, Morton, Inc. 
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. DISCUSSION POINTS: DOE CLEANUP APPROACH FOR THE VENTRON SITE 

Remediation of residual radioactive materials exceeding DOE criteria is being conducted under DOE’s 
Formerly Utilized Sites Remedial Action Program The cleanup is being pursued as a removal action, 
as documented in the Ventron Engineering Evaluation/Cost Analysis (EE/CAj (DOE, May 1996). 
In addition to the EEKA, other pertinent documents include the Site Characterization Reportfor 
the Ventron Site (December 19951, Derivation of Uranium Residual Radioactive Material 
Guidelines for the Ventron Site (AN& March 1992), and Uranium Gzriakline for the Ventron Site 
(Memo from 3. Wagoner to L. Price, DOE, November 6, 1992). These documents were all 
developed in accordance with DOE requirements and guidelines to derive site-specific cleanup limits 
for those contaminants for which DOE has responsibility and authority. In a meeting on March 27, 
1996, between DOE, Morton, MADEP and MADPH-RCP personnel, DOE was made aware of 
recent risk characterization guidance (MADEP, July 1995) developed in support of the Massachusetts 
Contingency Plan (MCP). After reviewing this guidance, DOE has conducted additional analyses 
(Characterization of Radiation Dose cmdHuman Health Risk Fobwing Remediation of the Ventron 
Site, May 1996; and Risk Assessment for Ventron Buildings A and A-l Demolition, May 1996) 
which indicate that the remediation approach proposed by DOE meets the MADEP risk objectives, 
as well as all applicable DOE requirements. DOE’s proposed response action will remediate levels 
of residual radioactive materials at the site to a condition that presents no significant risk of harm to 
human health, safety, public welf&re, or the environment. Key findings and highlights of DOE’s 
proposed approach for the Ventron site are summarized below: 

0 Contaminants of concern: DOE has authority only for remediation of radioactive 
contammation resulting from operations formerly conducted under contract with the Atomic 
Energy Commission @EC) and Ma&at&n Engineer District (MED). Uranium is the primary 
radioactive comaminant for which DOE has responsibiliq, radium-226’ and thorium-232, and 
their associated decay products, are also present, but generally at lower levels. Therefore, 
DOE’s analysis is limited exclusively to remediation of these contaminants for which DOE has 
authority to address. Remediation of chemical contaminants and any non-DOE radioactive 
contaminants is being conducted separately by Morton. 

l Cleanup criteria: DOE Order 5400.5 specifies cleanup criteria for radium-226 and thorium- 
232 in soil. These criteria limit concentrations of these radionuclides in soil to 5 pCi/g in the 
top 15-cm layer of soil, and 15 pCi/g in any subsequent 15-cm layer, averaged over any 100 
m2 area. These guidelines, which are generally applicable to any DOE remedial actions 
involving these radionuclides, are adopted from EPA regulation 40 CFR 192 for cleanup of 
uranium mill tailings. These criteria have been successfully applied at over 5000 contaminated 
properties throughout the United States. For uranium, DOE policy requires derivation of 
sitespecifIc guidelines; values for the Ventron site are documented in the 1992 ANL report 
and DOE memorandum. DOE’s analysis indicates that radiation doses and health risk from 
residual concentrations of radioactive materials following completion of the proposed cleanup 
would be indistinguishable Tom natural background exposures. 

0 Risk characterization: The DOE cleanup criteria for uranium were derived to limit potential 
radiation doses to CuTrent and future receptors to less than 100 mrem/yr; as indicated in the 



report Characterization of Mation Dose and Human Health Risk FolIowing Remediation 
of the Ventron Site (DOE, May 1996), current estimates of post-remediation dose are much 
lower, with a maximum estimated dose of approximately 3 mrem/yr under worst-case 
conditions and less than 1 mrem/yr under expected conditions. Noncancer effects were not 
explicitly considered in the derivation of the DOE criteria; however, noncancer effects of 
uranium have been evaluated in the report, and determined to be well within acceptable levels 
(Hazard Quotient = 0.001). The MADEP comments also recommend that cumulative risks 
of all contaminants should be evaluated; however, as discussed above, DOE has authority 
only for speci& radioactive contaminants of concern, and has no authority or jurisdiction for 
evaluation of other contaminants. 

0 Background data: Background data for the radioactive contaminants of concern (uranium, 
radium, and thorium) are well documented throughout the U.S. These radionuclides are 
natural constituents of the earth‘s mantle, and occur naturally in soil and rock at relatively 
consistent concentrations. Given the small variability in background concentrations for these 
radionuclides within a given geographic region, DOE experience indicates that the available 
background samples provide sufficient data to characterize site-specific background 
conditions, and additional investigation of background is not warranted. 

0 Evaluation of residential properties: Properties in the immediate vicinity of the Ventron site 
were evaluated by DOE during initial investigations of the site. A review of the radiological 
survey reports for the 24 properties indicates that none of the samples exceeded the site- 
speciiic uranium guideline of 50 pCiig for U-238. Only three samples exceeded 500/o of the 
guideline: 

- 24 pCi/g U-238 in sample S2 from 14 CW St. (OlXNL/RASA-91/25), taken from the face 
of the rock cliq approximately 5 fi above the high water line; 

- 34 pciig U-238 in sample Bl from 9 and 11 Congress St. (ORNLIRASA-91/13), taken 
from a small area of less than 1 m2 at the rain gutter downspout outfall; and 

- 40 pCi/g U-238 in sample S9B from 18 Cliff St. (ORNL~A-91/26), taken from the bay 
floor (harbor flat area), approximately 53 fi fi-om the base of the cliff. 

None of the vicinity properties were designated for consideration under FUSRAP, due to the 
low levels of radioactive materials identified. Consequently, DOE has no authority to conduct 
investigations or evaluations for these properties. 

0 Additional characterization data needs for hazardous chemicals: As noted above, DOE has 
responsibility and authority only for specific radioactive contaminants at this site (uranium, 
radium, and thorium at concentrations above authorized liits). Therefore, DOE has no 
authority to expend resources for further characterization of hazardous chemical contaminants 
at the site. DOE characterization of chemical contamination is limited to data required to 
determine proper disposition of the remediation wastes (e.g., whether specific waste streams 
would be classified as mixed wastes vs radioactive wastes). 



0 Dose & risk estimates: mrendyr Cancer risk 

- Remediation worker f?om Bldg A/A-l demolition: 2.5 1.5E-7 
- Recylciqg worker from Bldg A/A-l demolition: 5.0 2.213-7 
- Landfill worker fi-om Bldg A/A-l demolition: 0.0008 lE-8 
- Future Ventron site resident: -c 1 - 3.5 9E-7 - 3E-5 
- Future Ventron site worker: <l lE-9 - 8E-6 
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Department of Energy 
Oak Ridge Operations Office 

P.O. Box 2001 
Oak Ridge, Tennessee 37b31-8723 

96-379 

Jiily 31, 1996 

Ms. Meg Harvey 
Office of Research and Standards 
Massachusetts Department of Environmental Protection 
One Wiiter Street 
Boston, Massachusetts d2108 ’ 

Dear Ms. Harvey: 

VENTRON SITE - TRANSMITTAL OF RJZSRAD DATA FILES 

Enclosed is a computer disk containing the RESRAD data files used to derive the dose and risk estimates 
presented in the report “Characterization of Radiation Dose and Human Health Risk Following 
Remediation of the Ventron Site”. Also enclosed is a second disk containing the RESRAD source code 
(Version 5.61) for your convenience. These materials may be useful in your review of this report. 

The enclosed table indicates the names of each of the RESRAD data files and output reports that 
correspond to the calculations presented in the report. In preparing this material for you we identified a 
minor error in the report which does not materially impact the conclusions of the evaluation. In Table 3 of 
the report the upper bound dose esthnates should be reported as 3.8 mrem/yr for the resident and 1.2 
mrem/yr for the worker; these maximum values occur 1000 years following completion of the remedial 
action. The values reported in the report (3.5 rnrem/yr and 0.86 mrem/yr, respectively) represent the 
dose estimates immediately following completion of the remedial action (i-e., thne zero). The risk 
estimates are not changed to one significant digit. A corrected copy of Table 3 is enclosed. 

I hope that these files will assist you in completing your review of the DOE assessment. Based on this 
evaluation, the proposed cleanup action will restore the site to a condition that presents no significant risk 
of harm to human health, safety, public welfare, or the environment. If you have any questions, please 
call me at (423) 576-9441. 

Sincerely, 

a d 

\ 

D. Kopotic, Site Manager 
Sites Restoration Division 

Enclosures: As stated 

cc w/o enclosures: 
Steve Johnson - MDEP 
Lisa Alexander - MDEP 
Suzanne Condon - MDPH 
Tom O’Connell - MDPH 
Alicia ltaddatz - Morton, Inc. 



RESRAD Data File Names and Output Reports for the Ventron Site, Estimated Post-RA 
Conditions 
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Resident - Best Estimate 
(excludes radon 

pathway) 

Resident - Upper Bound 
(excludes radon 
pathway) 

Resident - Radon 
Pathway 

Worker - Best Estimate 
(excludes radon 
pathway) 

Worker - Upper Bound 
(excludes radon 
pathway) 

Worker - Radon 
Pathway 

VENTRON.BER VENBER.SUM (dose estimates) 
VENBER.R!SK (risk estimates) 

VENTRON.UBR VENUBRSUM (dose estimates) 
VENUBRJZSK (risk estimates) 

VENTRON.RNR (best 
estimate) 

VENTRON.RNX (upper 
bound) 

VENRNW.DET (radon cone 
estimates) 

VENRNX.DET (radon cone 
estimates) 

VENTRON.BEW VENBEWSJM (dose estimates) 
VENBEW.RSK (risk e&mats) 

VENT.RON.UBW VENUBW.SUM (dose estimates) 
VENUBW.RSK (risk estimates) 

VENTRON.RNW (best 
estimate) 

VENTRONKNX (upper 
bound1 

VENRNW.DET (radon cone 
estimates) 

VENRNX.DET (radon cone 
estimat.es~ 

Note: DOE dose limits explicitly exclude radon pathway exposures; the radon exposure 
pathway is, therefore, evaluated separately from other exposure pathways by comparison to 
specific radon concentration limits for indoor air @Ci/L) and radon decay product 
concentrations in indoor air (Working Level). 
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Table 3. Estimates of Potential Radiation Dose and Risk for Future Exposure Scenarios FolIowing 
Remediation of the Ventron Site (Rev&d). 

I I 
Resident 

Best Estimate 
Upper Bound 

Commercial/industrial Employee 
Best Estimate 
Upper Bound 

0.24 9 x lo-’ 
3.8 3.x lo-5 

0.00036 1 x loa 
1.2 8 x 10d 

0.078 0.0004 
0.17 o.ooo9 

0.078 0.0004 
0.17 0.0009 



t 43,840 

1 

WILLIAM F. WELD 
Governor 

ARGEO PAUL CELLUCCI 
Lieute’nant Governor 

GERALD WHITSURN 
Secretary 

DAVID H. MULLIGAN 
Commissioner 

The Commonwealth of Massachusetts 
Executive Office of Health and Human Services 

Department of Public Health 
Radiation Control Program 

305 South Street, Jamaica Plain, MA 02130 
(617) 727-6214. FAX (617) 727-2098 

June ,21, 1996 

James Kopotic 
Site Manager 
United States Department of Energy 
Oak Ridge Operations Office 
P.O. Box 2001 
Oak Ridge, Tennessee 3783 l-8723 

Re: Ventron Site, Beverly, MA 

Dear Mr. Kopotic, 

The MA Radiation Control Program (RCP) is in receipt of your documentation which describes 
the United States Department of Energy’s (DOE) proposed plan for the remediation of 
radioactive materials at the Ventron site located in Beverly, MA. 

The Ventron site has been designated by DOE as a part of the Formerly Utilized Site Remedial 
Action Program (FUSRAP). The &is currently owed by Morton International, Inc. The site 
was previously owed by Metal ITydrides Corporation and subsequently the,Ventron Corporation. 

In the 1940s the site was under contract with the Manhattan Engineering District and the Atomic 
Energy Commission. Under these contracts, the company performed operations involving the use 
of uranium. Thorium and radium have also been used in past operational activities at the Ventron 
site. 

There have not been any operational a&ities at the Ventron site since November of 1994. 

The RCP has reviewed the proposed r,emediation plan documentation. This documentation 
included the’results ofpreviousradiok$cal surveys performed on so& aquatic media anh building 
siikfaces forDOE; desc5iptions of the extent of radiological contamination at the site; proposed 
radiological cleanup options; and, dose/risk assessment methodologies. 



PaiF 2 
J. Kopotic 
June 21,1996 

The proposed radiological remediation plan was evaluated against 105 CMR 120.000 of the 
Massachusetts Regulations for the Control of Radiation (MRCR). The proposed remediation 
plan, as submitted, appears to met ,the re,quirements of 105 CMR 120.291: Vacating Premises. 

Therefore, the RCP approves of the remediation plan which has been submitted by the US DOE 
based on the documentation and information currently available on the radiological conditions at 
the Ventron site. 

Ifthe radiological remediation activities described in the submitted plan change and/or there are 
additional activities performed at the site which did not appear in the proposed plan, then the RCP 
must be notified of these changes. 

Jfyou have any questions, please do not hesitateto contact our office at 617-727-6214. 

Thomas F. O’Connell 
Radiation Scientist 
Radiation Control Program 

cc: R Hallisey, Dir-MA RCP 
L. Alexander, MA DEP 
A. Raddatz, Morton International 



COMMONWEALTHOFJ!&WACHTJSETTS 
EXECUTIVE OFFICEOFENVIRONMENTALAFFAIRS 
DEPARTMENT OFENVIRONMENTM~ROTEC 
METROPOLITANBOSTON-NORTHEASTREGIONALOFFICE 

WILLIAIvIF.WELD TRUDYCOXE 
Governor Secretarg 
ARGEOPAULCELLUCCI 
Lt. Governor 

Department of Energy 
Oak Ridge Operations Office 
P.O. Box 2001 
Oak Ridge, TN 37831-8723 

Attention: Jim Kopotic 

DAVID B. STRUHS 
Commissioner 

RE: BEVERLY - Former 
Ventron Site 
lo-12 Congress Street 
Demolition of Building A & A-l; 
Risk Characterization Report 
RTX 3-2887 

Dear Mr. Kopotic, 

The Massachusetts Department of Environmental Protection's 
(MDEPIS) Bureau of Waste Site Cleanup (BWSC) has completed its review 
of the Department of Energy's (DOE) recent submittal. The package, 
comprised of materials requested during a March 29, 1996 site visit, 
included (1) information on the DOE's Supplemental Regulations and the 
justification for the remediation approach regarding Buildings A and 
A-l; (2) additional calculations addressing risk to workers who would 
be involved with building demolition and/or transport and disposal of 
materials from the site; and, (3) the final report entitled "Ventron 
Engineering Evaluation/Cost Analysis (EE/C!A)". This material provided 
additional documentation for the remedial action approach originally 
proposed by DOE and Morton International, Inc. (Morton) for demolition 
and removal of buildings. 

The package also included the "Characterization of Radiation Dose 
and Human Health Risk Following Remediation of the Ventron Site" dated 
May 1996, prepared by the DOE's Sites Restoration Division. These 
reports were received on May 31, 1996 by MDEP BWSC (Northeast Regional 
Office) and during the first week of June by Meg Harvey at the MDEP's 
Office of Research and Standards (ORS, Boston office). This 
Characterization report is the critical piece of information that ORS 
needs to determine whether the DOE's cleanup criteria will meet the 
Massachusetts Contingency Plan (MCP) requirements for complying with 
the MCP risk limits. Unlike previously submitted material which back- 
calculates a site specific cleanup concentration based on an allowable 
dose, the Characterization report estimates the risk in terms of 
cancer slope factors and also in terms of non-cancer risks 
(specifically from uranium's effects on kidneys) which are required by 
the MCP. 

Based on submittals we have received, the MDEP has no objection 
to the proposed building demolition. It is MDEPls understanding that 
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the building rubble is going to remain onsite until the final disposal 
option has been determined. DOE will provide health physics support 
for radiological screening during demolition, and material will be 
sorted for disposal based on radionuclide concentrations. Material 
with radiological concentrations exceeding DOE's guidelines will be 
disposed at a DOE facility for radiological waste. Morton is 
currently investigating options for the final disposal of the material 
which will not be handled by DOE. It is MDEPls understanding that 
Morton is still investigating various options, including off-site 
disposal of the wood and metal. Morton has also been investigating 
various options for disposal of the concrete rubble, including 
possibly backfilling rubble with radiological concentrations below the 
site cleanup guidelines. In previous discussions, it had been 
indicated that this material might be sent to a construction and 
demolition landfill pending acceptance at such a facility. Prior to 
transporting the demolition debris off-site, MDEP must be provided 
with a copy of the approval for this material from the agency that 
regulates the receiving facility. 

.~~~_ _-~_-~==~ _ -. --.--e- .^. --~-.-~wm.mTe w-f- - -A 
-.c--~- Regarding the site specific clean-up guidelines and excavation of T 

the radiologically contaminated soils, it is MDEPls understanding that 
the remedial response action as proposed is scheduled to begin this 
summer. You have indicated that it would take at least three months 
to complete the excavation and that DOE would prefer to do so before 
the onset of winter. As discussed with you on June 19, 1996, the MDEP 
has no objection to DOE mobilizing to the site to initiate the soil 
and sediment excavation; however, as we have indicated, MDEPls ORS 
will not be able to review the Characterization report to provide 
MDEPIs comments to DOE regarding the assumptions and risk calculations 
with respect to the MCP until mid to late July. 

If you have any questions regarding this matter, please contact 
DEP's Lisa Alexander at (617) 932-7722. 

Very Truly Yoursi --- _-. 

-Lisa M. Alexander 
Environmental Engineer / 

Section Chief w 
Bureau of Waste Site Cleanup 

cc: Alicia Raddatz, Morton International, 150 Andover Street, 
Danvers, MA 01923-1480 
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Michael Redmon, Bechtel National, Inc., 151 Lafayette Drive, P.O. 
Box 350, Oak Ridge, TN 37831-0350 

Tom OIConnell, Department of Public Health, Radiation Control 
Progam, 305 South St., Jamaica Plain, MA 02130 

Elaine Kreuger, Department of Public Health, 150 Tremont St., 
Boston, MA 02111 

Joseph Walsh, Jr., CHO, Director, Beverly - BOH, P.O. Box 441, 
Beverly, MA 01915 

Beverly Conservation Commission, DPW Office, 191 Cabot St., 
Beverly, MA 01915 

Jake Condon, 19 Wellman St., Beverly, MA 01915 
Beverly Public Library, 32 Essex St., Beverly, MA 01915 
DEP, Office of Research and Standards, Attn: Meg Harvey 
DEP Data Entry/File 
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Attention: Jim Kopotic 
RE: BEVERLY - Former 

Ventron Site 
lo-12 Congress Street 
Review of DOE's December 1995 
Site Characterization Report 
for the Former Ventron Site 
RTN 3-2887 

Dear Mr. Kopotic, 

The Department of Environmental Protection's (DEPIs) Office of 
'Research and Standards (ORS) has completed its review of the Department 
of Energy's (DOE) December 1995 "Site Characterization Report for the 
Ventron Site" and several related documents. Enclosed with this letter 
is a Memorandum prepared by Meg Harvey of ORS, dated May 9, 1995. As 
discussed in our recent telephone conversations, this memo has been 
enclosed to provide guidance regarding the fulfillment of DEP's Risk 
Assessment requirements under the Massachusetts Contingency Plan, 310 CMR 
40.0000. The memo summarizes ORS' conclusions, recommendations and 
concerns with respect to the risk assessment and characterization 
information thus far presented by DOE. 

One point of clarification needs .to be made regarding the wording in 
ORS' comment No. 2 on Page 4 of the memo. Ms. Harvey indicates that 'Iat 
nearly every property, radionuclide concentrations... are elevated above 
background concentrations in the Beverly area." Background was 
determined to be 0.7 to 1.0 picocuries per gram (pCi/g) based on values 
obtained from three soil samples from various locations in the Beverly 
area near the Ventron site. The memo goes on to state that "uranium 
concentrations [at four properties] were significantly elevated above 
background but were not elevated above DOE guidelines" of 35 to 40 
picocuries per gram. The writer spoke with Ms. Harvey on June 3, 1996 
regarding this comment. Ms. Harvey indicated that, while radionuclide 
concentrations were low in all cases, they are, technically, above 
background under the strict definition of the Massachusetts Contingency 
Plan (MCP). Therefore the risk assessment must discuss in more detail 
why the detected levels are not inconsistent with the MCPls definition of 
llbackground" and do not require further assessment or remediation. 
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DOE provided an explanation in the,residential radiation survey 
reports that radionuclide concentrations at the four residential 
properties that seemed elevated can still be classified as background. 
Following review of the DOE's residential radiation surveys, it appears 
that residential samples exhibiting the elevated radionuclide 
concentrations were taken either from areas where granite and certain 
other building and/or fill materials (e.g., concrete, brick and coal ash) 
are present or from areas in soil near driplines or drainspouts. DOE 
notes that materials such as granite, concrete and coal ash typically 
have higher concentrations of radionuclides than soils and were observed 
at many of the residences. These materials may explain the radionuclide 
results, in concentrations above 0.7 to 1.0 up to about lo-15 pCi/g. The 
DOE reports also noted that other apparently elevated results were 
associated with drainspouts, and roof driplines. According to information 
in some of the residential surveys, dry deposition from airborne 
particles is often concentrated at driplines and outfalls receiving 
runoff from roofs and platforms. 

The risk characterization should include information such as that 
-=-provided in the residential radiation survey reports and may -provide .i~:= - 

additional details about the likely sources of the radionuclides at the 
residential properties. Furthermore, additional background 
characterization should be performed to more accurately determine what 
llbackgroundll might be with more consideration given to materials other 
than soils in the Beverly area, i.e., conducting additional sampling in 
locations where granite, concrete and coal ash are present but could not 
be associated with the former Morton/Ventron site in any way. 

Please note that until DEP has the information requested by ORS, DEP 
cannot consider the risk assessment/risk characterization complete for 
this site. It is DEP's understanding that Morton will address all non- 
radionuclide contamination at the site and that DOE will provide the 
required information on the radionuclide contamination. 

If you have anysquestions regarding this matter, please contact --. _- .-.- -- -___ 
DEP's Lisa Alexander at' (617)g-3-2-7722 or Meg B~v%yat--(617) 292-55rX- 

Very Truly Yours, 

Lisa M. Alexander 
Environmental Engineer I 

Section 
Bureau of Was Cleanup 

2 
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cc: Joseph Walsh, Jr., CHO, Director, Beverly - BOH, P.O. Box 441, 
Beverly, MA 01915 
Beverly Conservation Commission, DPW Office, 191 Cabot St., Beverly, 
MA 01915 
Jake Condon, 19 Wellman St., Beverly, MA 01915 
Beverly Public Library, 32 Essex St., Beverly, MA 01915 
Elaine Kreuger, Department of Public Health, 150 Tremont St., 
Boston, MA 02111 
Tom O'Connell, Department of Public Health, Radiation Control, 305 
South St., Jamaica Plain, MA 02130 
DEP, Office of Research and Standards, Attn: Meg Harvey 
DEP,Data Entry/File 

-_ - ~-_ - -- .__. 
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MEMORANDUM* 

TO: 

FROM: 

THROUGH: 

SuJ3l-ECT: 

DATE: May 9, 1995 

Lisa Alexander, Site Management Branch, BWSC, NERO 

Meg Harvey, Office of Research and Standards, BSPT /$&# . - 
.r 
0 

Carol Rowan West, Director, ,Office of Research and Standards, BSPT MM/ a 

Nancy Bettinger, Office. of Research and Standards, BSPT / 
fb 

. 
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Review of Site Characterization Report for the Vention Site, Beverly, MA 
(DEP Site Number ,3-2887) 

As requested .in your Work Order dated February 12, 1996, ORS h& reviewed the document entitled 
Site Characterization Report for the Ventron Site, prepared by the U.S. Department of Energy in 
December 1995. In accordance with your Work Order, the purpose of ORS’ review was’ to evaluate 
the radionuchde iemediation guidelines established by the U.S. Depxtment of Energy (DOE) for 
consistency with the risk limits inthe Massachusetts Contingency Plan (MCP). Supplementary 
documents related to derivation of the remedial guidelines. were also reviewed by ORS (Derivation 
of Uranium Residual Radioa$ive Maten’al Guidelines For l%e Ventron Site, Argonne National 
Laboratory, March 1992; Ventron site - Uranium Cleanup Guideline Recommendation, . ’ . i 

Memorandum from L. Price, U.S. DOE to J, Wagoner II, U.S. DOE, October 12, 1995; Uranium 
Guideline for the Ventron Site, Beverly, Massachusetts, Memorandum from J. Wagoner II, US. 
DOE to L. P.&e, U.S. DOE, November 6, 1995). -- ..-- ___._ .-_-_ ._ I 

BACKGROUND 

The Vention site is approximately 3 .acres in size and is located in Beverly, on Massachusetts Bay, 
at the confluence of the Bass and Danvers Rivers. Ventron Corporation (formerly Metal Hydrides 
Corporation) began operations involving uranium material in the early 1940s under contract to the 
U.S. Atmy Corps of Engineers Manhattan Engineer District (MED). Ventron continued handling 
uranium and thorium materials independently of MED until the mid-1980s. Hazardous chemicals 
were also-used at-the site by Ventron for non-MBD-related activities. DOE designated Ventron as a 
Form&y Utilized Sites Remedial Action Program (FUSFAP) site in 1986. FUSRAP is managed by 
DOE to identify and. cleanup or otherwise control sites with residual radioactive materials from the 
early years of the nation’s atomic energy program. Under FUSK4P, DOE has authority to 
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rem&ate MED-related materials at the site. Morton International,* Inc. (the culTem owner/operator 
of the site), is responsible for all non-MD-related materials at the site. The site is listed as a Tier 
1A site under the MCP. 

SuMMARy OF DOE SITE CXIARACTERIZATION REPORT FOR THE VENTRON SITE 

The objective of the Characterization Report, as stated by DOE, is to present the results of 
radiological and chemical characterization of the site and to identify areas where remediation of 
uranium by DOE may be required. Characterization studies have identified the following 
radionuclides of concern at the Ventron Site: Uranium-238, Radium-226, and Thorium-232. DOE 
has derived a remedial objective for Uranium-238 in soils of 50 pCi/g above background levels. 
Limited characterization studies for chemicals indicate that possible chemical contaminants of . 
concern ‘include pdlychlorinated biphenyls, mercury, and total petroleum hydrocarbons. 

-^ .a 
The Characterization Report identifies preliminary remediation objectives in soil for the radiological 
contat-ninants ,at the site. Remedial action guidelines for Radium-226 and Thorium-232 are as 
follows: 

l 5 pCi/g above background, averaged vertically over the jirst 15 centimeters of soil and 
horizontally over any 100 m* area; and 

l 15 pCi/g above background, averaged vertically over KGcentimeter-thick layers of soil at 
depths greater than 15 centimeters below the surface and horizontally over any 100 m2 
area. 

, 

The basis for these guidelines is not provided; the report simply states that they are contained in: 
,DOE Order 5400.5. 

The Character&ion Report also identifies a remedial objective for Uranium-238 in soil of 50 pCi/g 
above background levels. DOE has derived this level based on a dose assessment and application of 
the “as low as reasonably achievable” (ALARA) principle. DOE’s dose assessment evaluated three 
exposure scenarios; industrial *worker, recreational use, and residential f&g use. Estimated doses 
for each of these scenarios are well below DOE’s dose guideline of 100 millirem per year, which 
must be met under all plausible, worst case scenarios. The Site Charaoterization Report identies 
areas at the site where soil concentrations exceed the remedial objective for Uranium-238 of 50 
pci/g. 

k. 

The approach DOE has used to derive a remedial guideline for’Uranium-238 differs from the MCP 
approach to risk characterization. The DOE procedure involves, a comparison of site concentrations 
with a regulatory guideline developed based on dose limits. This approach does not include an 
evaluation of noncancer effects from exposure to uranium. In addition, the DOE approach does not 
estimate cancer risks in a way that allows such risks to be compared with MCP risk limits. In 
contrast, the MCP approach involves estimating cumulative cancer and noncancer risks from 
multiple contaminants at the site and multiple exposure routes at the site and comparing such risks 
with MCP cumulative site cancer and noncancer risk limits. 

r i 
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cor;cLusIoNs 

The Site Characterization Report was prepared by DOE to meet requirements in DOE regulations 
rather than to meet requirements in the MCP. The information presented in the DOE Report does 
not document compl&xe with risk management criteria in the MCP. Based on the information 
presented in the Report, it is not possible for ORS to conclude whether the remedial objective DOE 
has derived’for Uranium-238, or the remedial objectives in DOE Order 5400.5 for Radium-226 and 
Thorium-232 meet’a level of No Significant Risk as defined in the MCP. 

RJZCOMMENDATXONS 

Based on its review, ORS offers the following recommendations. 

l To meet the requirements of the MCP, a Risk Characterization report should be-prepared 
which consists of a characterization of potential risks to human health, public welfare, 
safety and the environment from all contaminants (chemical and radiological) at the 
Ventron site. Such an evaluation must be prepared in’ accordance with the MCP and 
should consider appropriate DEP and EPA policy and guidance. For radionuclides at the 
site, cancer risks should be quantified using cancer slope factors published by the U.S. 
Environmental Protection Agency (EPA) in the Health Effects Assessment Summary 

, Tables (ElIEAST). _ Since uranium has been shown to be toxic to the kidney (BUS, 1996), 
noncancer risks from the chemical toxicity of uranium should be evaluated in addition to 
cancer risks from its radioactive nature. 

As stated previously, cumulative noncancer risks for all site contaminants (chemical and 
radionuclide) should be calculated and compared with the lMCP noncancer risk limit. 
Cancer risks from chemicals and radionuclides should be calculated and compared 
separately with the MCP cancer’risk limit. 

l Prior to preparing the risk characterization report, a Scope of Work for the human health 
risk characterization and for the ecological risk characterization should be submitted to 
DEP for review andiapproval. The Scopes of Work should describe the approach that wilJ 
be taken to characterize risks at the site. 

COMMENTS 

The following comments address specific issues that ORS believes are particularly important for 
DOE to address in the MCP risk assessment. DOE should refer to the MCP and to DEP’s Guidance 
for Disposal Site. Risk Characterization (July 1995) for additional information and guidance about 
preparing a risk characterization in accordance with the MCP. Since DEP guidance does not 
contain guidance specific to radiological risk characterizations, DOE should also refer to the 
procedures contained in EPA guidance (Risk Assessment Guidance for Superfind, Volume I Part A, 
December 1989; Risk Assessment Guidance for Superfind, Volume 1 Part B, December 1991). 

1. The background data that has been collected is not adequate to characterize background 
conditions at the site. DOE should refer to DEP Guidance (July 1995) for information on 

-. 
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characterizing site background conditions. In particular, DOE should address the following 
issues related to characterizing background conditions at the site. 

l One of the background soil samples was cornposited over 0 to 4 feet. The other two 
background soil samples were sutficial samples (depth of these samples was not 
provided). Background samples should be taken at depth intervals comparable to those 
from which site samples were collected. In addition; three samples is probably an 
inadequate number of samples to adequately characterize soil background conditions at 
this site. 

l Detection limits for soil and mussel analyses are higher than concentrations of concern, 
or levels that could pose a significant risk for many of the chemicals and for uraniurn- 
238. 

_- .- 
l The Site Characterization Report states that a radiological analysis of lobster tissue was 

performed which indicated no significant difference in radionuclide concentrations 
between lobsters taken from near the site and a background location. These data must 
be presented in the risk assessment. . 

2. DOE has .concluded, based on radiological investigations of residential housing adjacent to 
the Ventron site, that no detectable radiological constituents have migrated into the adjacent 
properties and no further investigation is warranted. However, at nearly every property, 
radionuclide concentrations (particularly uranium-23 8) are elevated above background 
concentrations in the Beverly’ area. At four properties, uranium-238 concentrations were 
significantly elevated above background but were not elevated above DOE guidelines (stated 
to be 35-40 pCi/g). In accordance with the MCP, all residential properties with radionuclide 
concentrations above background must be evaluated in the risk assessment. 

3. Much of the radionuclide data presented in the Site Characterization Report is presented in 
terms of whether levels exceed DOE’s cleanup guidelines. To determine whether a 
contaminant exceeds MCP risk management criteria, the cancer and non-cancer risks must 
be quan&ied in the r&k assessment. Each detected contaminant should be included in the 
risk assessment unless one of the following conditions are met. 

l The chemical is present at a low frequency of detection and in low concentration 
relative to the detection limit. 

l The chemical is present at a level which is consistent with background concentration for 
the area and there is no evidence that its presence is related to activities at the site. 

l The chemical is a field or laboratory contaminant. 

4. Additional sampling and analysis will be necessary in order to fully characterize the nature 
and extent of hazardous chemical waste at the site. It is likely that further sampling and 
analysis will also be necessary to fully chzacterize the nature and extent of radiological 
waste at the site. In developing a plan for additional data collection, human health and 
ecological risk assessment needs should be considered. For the human health risk 
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assessment, the trpe and locations of sampling and the analytical methods used 

_ should be determined based on the exposure points and activity patterns at the site so that the daea 
rvill be usable for exposure evaluation. The ecological risk assessment will have different 
biological and chemical data requirements which will depend on the fate and transport 
characteristics of the contaminants and the exposure pathways and receptors of concern.. 

If you have any questions about information presented in this memorandum, please contact me at 
292-5513. 

cc: Helen Waldorf 

i 
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Attention: Jim Kopotic 
RE: BEVERLY - Former Ventron Site 

lo-12 Congress Street 
Review of DOE's May 1996 
Characterization of Radiation 
Dose and Human Health Risk 
Followinq Remediation of the . 
Ventron Site 
RTN 3-2887 

Dear Mr. KOpOtiC, 

The Department of Environmental Protection's (DEPIs) Office 
of Research and Standards (ORS) has completed its review of the 
Department of Energy's (DOE'S) May 1996 submittal, 
ltCharacterization of Radiation Dose and Human Health Risk 
Following Remediation of the Ventron Site". DOE's submittal was 
intended to provide additional background and risk based 
justification for the previously proposed site-specific cleanup 
guidelines for uranium at the former Ventron site. These cleanup 
guidelines, 50 picocuries per gram (pCi/g) of uranium isotope 238 
(U-238) and 100 pCi/g total uranium, are based on both prior risk 
characterization for the site and application of the DOE's "as 
low as reasonably achievable" (ALARA) policy. 

ORS has reviewed the exposure assumptions and risk 
calculations provided by DOE and compared the DOE submittal with 
ORSls own guidance for conducting risk assessments. A number of 
areas were flagged by ORS where DOE's risk assessment methodology 
and assumptions varied from the Massachusetts DEP/ORS guidance. 
Enclosed with this letter is a September 9, 1996 Memorandum 
prepared by Meg Harvey of DEP/ORS, which provides comments on the 
DOE's May 1996 report. This cover letter is intended to provide 
additional discussion/clarification about the comments in the ORS 
memo. In general, under the Massachusetts Contingency Plan 
(MCP) , 310 CMR 40.0000, persons submitting risk characterizations 
and assessments to DEP may either follow the ORS guidance or use 
technically defensible alternatives. Rather than revise the 
entire submittal, DOE may submit an addendum to the May 1996 
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report to address the issues raised in this letter and the 
attached memo. 

Please refer to the ORS memo for the original comments; the 
discussions/clarifications are provided below. 

1. The Risk Characterization report indicated that background 
levels of radionuclides had been subtracted from the 
exposure point concentrations (EPCs). (See page 5, 
paragraph 3 of the DOE Characterization report). It was not 
clear whether the report used site-specific background 
values or national values. Although subtraction of the 
background concentrations is a common way to deal with 
background levels of radiation in dose assessments, it is 
inconsistent with the way background is addressed under the 
MCP. Therefore, DOE must either recalculate the EPCs to 
include the background concentrations of uranium, thorium 
and radium or provide a technically defensible argument for 
not doing so. 

2 2. DOE's Risk Characterization report identifies several 
exposure pathways and calculates a cumulative cancer risk 
from those pathways but "may not represent cumulative site 
risk" since some other potential exposure pathways were not 
evaluated. ORS' comment refers specifically to incidental 
ingestion or dermal contact with sediments from the tidal 
flats. ORS also indicates that DOE should evaluate whether 
exposure to groundwater is likely to occur. In general, if 
an exposure pathway does not exist it does not need to be 
evaluated. However, in some cases, for example, exposures 
to groundwater, the risk assessment should explicitly state 
why such exposures are not expected to occur and therefore, 
not evaluated. As will be specified below, there are some 
other exposure assumptions and pathways that may still need 
to be evaluated. 

3&4. It is DEP'sunderstanding that all contaminated storm sewers 
and utility lines are currently being excavated from the 
site. Likewise, it is DEP's understanding that all 
buildings, foundations and contamination from beneath the 
buildings are currently being excavated and will be removed 
from the site. If these potential exposures no longer exist 
then they do not need to be evaluated in a Risk 
Characterization Addendum. However, it would be helpful if 
an Addendum detailed the available post-demolition/cleanup 
conditions and contaminant concentrations on the site. 

5. Comment #5 raises two issues: non-cancer risks via 
ingestion of produce from an on-site garden and "all other 
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soil exposure pathways". ORS has several self-explanatory 
comments (see Memo) which DOE must address. 

At issue here is DOE's assertion that all other soil 
exposure pathways (e.g., dermal contact, incidental 
ingestion) would be incomplete because residual radioactive 
materials would remain below a surface layer of clean fill. 
DOE had indicated that fill would be placed at the site at 
depths of 0.15 to 0.8 meters, or approximately 6 to 32 
inches. It is not clear from the Risk Characterization 
report whether the clean fill will only be placed as 
backfill in areas where excavation is expected to occur or 
if it will also be placed as cover over the entire site. 
This should be explicitly stated. Based on a telephone 
conversation subsequent to the receipt of the Risk 
Characterization report, it is DEP's current understanding 
that clean fill will only be placed in excavated areas and 
that there will likely be areas where surface soils have 
radiological contamination at or near the maximum cleanup 
guidelines. Since the issue here is whether these 
guidelines represent "no significant risk" under the MCP, 
the related exposure pathways (i.e., dermal contact, 
incidental ingestion) must be evaluated. Even if a minimum 
of 6 inches of backfill were to cover the entire site, this 
depth is not beyond the planting depth requirement of most . 
plants, shrubs and trees and is well within the depth of 
root vegetables and flowering bulbs. Therefore, it is not 
unrealistic to expect exposures to occur in any type of 
onsite gardening or landscaping, particularly in the 
shallower areas of backfill. 

In addition to this, it is DEP's understanding that there is 
a substantial body of research indicating that under certain 
conditions related to soil mineralogy and pH, some plants 
will selectively take up uranium and other radionuclides 
from both soil and groundwater, thereby concentrating them 
in the body of the plant. While this has evidently been 
useful at some sites as a remediation strategy, it suggests 
another potential exposure pathway that should be evaluated. 
If a level of "no significant risk" cannot be assured, an 
Activity and Use Limitation may have to be placed on the 
property following the cleanup, restricting the 
agricultural/gardening activities that might otherwise take 
place. Since it is DEPls understanding that a Class A 
Response Action Outcome with no Activity and Use Limitation 
is desired by the property owner, the final site-wide risk 
assessment must ultimately evaluate all potential exposure 
scenarios. 
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6. 

7&8. 

9. 

10. 

11. 

12. 

This item in ORS' memo is self explanatory; it may be 
addressed in a Risk Characterization Addendum. 

These items in ORS' memo are clarifications for the record 
and do not require an amendment. 

This item in ORS' memo'is self explanatory; DOE may provide 
additional clarification in an addendum. 

Since the maximum radionuclide concentration at the site 
following the remediation will be within the site specific 
cleanup guidelines, it does not appear that there will be 
any lthotspots" as defined in the MCP. 

It appears that DOE's use of EPA risk guidance and use of 
the upper bound estimate of risk may in fact be more 
conservative than the MCP requires. No amendment is 
required in this regard. ORS also commented that DOE "must 
demonstrate that assumptions used to generate the best 
estimate (of risk) are consistent with DEPls regulations and 
guidelines". Specifically, if the changes outlined in ORSI 
memo and in this letter are adequately addressed, DEP will 
accept those changes as sufficient demonstration that the 
evaluation of risk from radiological materials at,this site 
is consistent with DEPls regulations and guidance. 

Comment #12 also raises several issues. The first issue, 
regarding the site being covered with clean fill;was 
already discussed above in item 5. The issue of radon is 
raised next. Regarding radon, if it has come to be located 
at the site as a result of the Manhattan Engineering 
District activities which DOE is under authority to 
remediate, then it needs to be evaluated in the risk 
assessment. If radon at the site is consistent with 
background, it need not be evaluated in the risk 
characterization. (See ORS Comment #l--foradditional 
information' on--background) . ~~ The other issues raised in ORSI 
comment #12 are mainly for clarification purposes. 

As ORS pointed out in the last paragraph of their memo, the 
issues raised in this letter and in the ORS memo are in response 
to the DOE risk characterization of the proposed cleanup 
concentrations only. Once the remediation and confirmatory 
sampling are completed, the results should be forwarded to DEP's 
Northeast Region. Any preliminary results from the post- 
remediation sampling which can be incorporated into a Risk 
Characterization Addendum will be useful for demonstrating that 
certain exposure pathways (discussed above) have been eliminated. 

4 
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In the interim, a Risk Characterization Addendum which 
addresses the above comments is needed in order for DEP to grant 
final approval of the cleanup guidelines for uranium proposed by 
DOE. We understand that DEP's final approval is desired prior to 
DOE's completion of the ongoing remediation. 

As a separate - but related - point, please note that an MCP 
Phase II Risk Characterization of the site must be completed 
after the Comprehensive Site Assessment of all Oil and Hazardous 
Materials (radiological and non-radiological) has been completed. 
It is our understanding that Morton International will perform 
this work. If the post-remediation sampling of the radionuclide 
cleanup demonstrates that residual uranium concentrations are 
within the MCP risk limits, then the DOE's May 1996 Risk 
Characterization and Addendum may be used in fulfilling that 
portion of the Phase II Risk Characterization that applies to 
radiological risks. 

If you have any questions regarding this matter, please 
contact DEP's Lisa Alexander at (617) 932-7722 or Meg Harvey at 
(413) 784-1100. 

Lisa M. Alexander 

Section ChieY 
Bureau of Waste Site Cleanup 

cc: Morton International, 150 Andover Street, Danvers, MA 01923- 
1480; Attention: Alicia Raddatz 

Joseph Walsh, Jr., CHO, Director, Beverly - BOH, P-0. Box 
441, Beverly,= MA 01915 

Beverly Conservation Commission, DPW Office, 191 Cabot St., 
Beverly, MA 01915 
Jake Condon, 19 Wellman St., Beverly, MA 01915 
Beverly Public Library, 32 Essex St., Beverly, MA 01915 
Elaine Kreuger, Department of Public Health, 150 Tremont 

St;, Boston, MA 02111 
Tom OIC!onnell, Department of Public Health, Radiation 

Control, 305 South St., Jamaica Plain, MA 02130 
DEP, Office of Research and Standards, WERO, Attn: Meg 

Harvey 
DEP Data Entry/File 
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MEMORANDUM 

Lisa Alexander, Site Management Branch, BWSC, NERO 

Meg I-hey, Of& of Rexarch and Standards, BSPT w 

Carol Rowan We& Director, Office of Research and Standards, BSPT C&/ 
Nancy Bettiqer, Of&e of Research and Standards, BSPT fl$ 

DAVIDB.STRUHS 

Review of Risk Assessment for Radiological Contamination at the Ventron Site, 
Beverly, MA (DEP Site Number 3-2887) 

September 9,19% 

As requested, ORS has reviewed the document entitled Characterition of Radiation Dose and 
Human Health Risk Following Remediation of the Ventron Site, prepared by the U.S. Department of 
l&erg-y (DOE) in May 1996. ‘Ibe purpose of ORS’ review was to determine whether the risk 
assessment fbr radiological a . *on at the Ventron Site meets the requirements of the 
Massachusetts Contingency Plan (MCP) and is consistent with Massachusetts Department of 
Environmental Protection PEP) risk assessment policy, guidance aud practice. 

In addition, ORS reviewed RESRAD data fiks used to derive risk estimates, which were provided 
by DOE on July 31, 1996. , i 

SITE HISTORY 

‘Ihe Ventron site is approximately 3 acres in size and is located in Beverly, on Massachusek Bay, 
at the confluence of the Bass and Danvers Rivers. Ventron Corporation (formerly Metal Hydrides 
CJqcmtion) began 0pe~Gon~ involvkg uranium material ia the dy 1940s under contract to the 
U.S. Army corps of Enginttrs Manha#an &ineer District (MED). Ventron continued handling 
uranium and &xhuu materials independently of MBD until the mid-1980s. Hazardous chemicals. 
were also wed at the site by Veutron for non-MED-related a&i&s. DOE designated Ventron as a 
Formerly Lkihed Sihx ~Remedial Action Program (PUSRAP) site in 1986. PUSRAP is managed by 
DOE to ident@ and cleanup or otherwise control sites with residual radioactive materials from the 
early years of the nation’s atomic energy program. Under PUSRAP, DOE has authority to - 
remediate MBD-related materials at the site. Morton Internaliomd, Inc. (the current owner/operator 
of the site), is responsible for all non-MBD-related materials at the site. The site is listed as a Tier 
1A site under the Massachusetts Contingency Plan (MCP). 

The Risk Characterization Report was prepared by DOE to demonstrate that DOE’s proposed 
remedial action for radionuclides at the Vkntron site will meet DEP’s risk management criteria in 

6 Prmlad on Racycld Paca 
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the MCP. As stated in the Risk Characterization Report (and the Ventron Engineering 
Evaluation/Cost Analysis Report (May 1996)), DOE’s proposed remedial action calls for ranoval of 
soils and sediments containing concentrations of total uranium above DOE’s site-specific cleanup 
limit of 100 pCi/g. Soils and sediments exceeding the cleanup limit will be removed and excavated 
areas will be backfilled with clean soil. 

CONCLUSIONS 

bask on its review, ORS concludes that the Risk Characterization Report for radioactive materials 
at the Ventron site needs revision in several key areas in order hr it to be consistent with the 
requirements of the Massachusetts Cuntin gency 
and practice. 

Plan and with DEP risk assessment policy, guidance 
Key areas that need revision are as follows: 

’ . background levels of radionuclides have not been treated in a manner consistem with 
the MCP; 

. the Report has not addressed cum~ative cancer risks fi-om radionuclide contamination 
atthesite;and 

.* many of the exposure assumptions used in the Report are not consistent with the MCP 
and with DEP risk assessment policy, guidance and practice. 

RECOMMENDATIONS 

OR!3 rewmmeds against approval of the Risk Chamcterization Report fbr radiological materials at 
the Ventron site until all the items raised in this memorandum have been addressed, 

COMMENTS 

1. In accordance with the MCP, chemicals which are present at levels consistent with 
background are removed fi-om the risk &sessm 
a level of No Significant Risk. 

ent process because, by definition, they pose 
In order to ehminate a chemical from the risk assessment 

based on ba&ground, it must be demonstrated that levels of a chemical at the site are 
consistent with background levels of the chemical. Such background comparisons are 
conducted medium-by-medium. If such a determination can be made, the chemical need not 
be evaluated in the risk assessment. However, if site levels of a &m&l are not consistent 
with background, exposures to the concentrations present at the site must be evaluated in the 
risk assessment. In the Risk Characterization Report for the Ventron site, background levels 
of radionuclides were subtracted from the @sure Point Concentrations. This is 
inconsistent with the MCP. EPCs should represent the average concentration to which a 
receptor is being exposed over time and should not have background levels subtracted. 
DOE should recalculate the EPCs to include background levels. 

ORS notes that it has stated previously in comments on the Site Characterization Plan 
(Memorandum dated May 9, 1996) that the background data presented in the Site 
Characterization Plan are not adequate to characterize background conditions. 
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2. ‘Ihe risks calculated in the Risk Characterization Report may not represent cumulative siti 
risks to a residential receptor because the Risk Characterization Report has not addressed 
potential exposures to radioactive contaminants in all contaminated media at the site. The 
pi& Characterization Report only evaluates five exposure pathways (direct external 
ertp0sw-e to soil, soil ingestion, radon inhalation, dust inhalation and ingestion of produce). 
o&r potential exposure pathways such as external exposure to sediment and incidental 
ingestion of sediment have not been evaluated. In addition, the Report should evaluate 
whether exposure to groundwater is likely to occur. Under the MCP, a risk chamcterization 
must estimate cumulative site risks to appropriate receptor groups. Cumulative risks account 
for exposures that a receptor may receive from multiple chemicals in multiple media by 
m&plt exposue routes. The Risk characterization Report should identifjr all cons 
m&a at the site and should evaluate all exposures to such media, as appropriate. 

On a related point, the Report states that sampling data have identied no elevated 
concent&ions of mdionuclides in seafoods and therefore, this pathway was found to be 
i.+gdiczmt. The Risk Characterization Report should fully describe the sampling program 
and data on which this statement is based. The Report should also present a compelling 
jwt&aliOn for eliminAng ingestion of seafoods as a exposure mute in the risk 
c~rization. 

3. I& &k Characterization Report does not evaluate exposures to radioactive contamination 
in storm sewers and underground utility lines. The Risk Characterization Report should 
evaluate direct exposure and ingestion exposure to a worker who could potentially come into 
con@& with comammation in storm sewers or utility lines at or near the facility. 

4. The Risk Characterization Report does not evaluate the transport of contaminated onsite soil 
to surface water from erosion. Such potential impacts should be evaluated in the Risk 
Assessment Report. In partkular, the Report should evaluate the potential for soil erosion 
from under buildings which may be removed under a future site use scenario. 

5. ‘Ihe Risk Characterization Report includes an evaluation of noncancer risks from exposure to 
&UIII viaingestion of produce from an onsite garden. lhe Risk Characteri2ation Report 
states that all other soil exposure pathways would be incomplete because it is assumed that dmcidd--ii- ~ *-=-(--- ~~ 

oactwe materials would remam below a surface layer of clean soil backfill. 
ORs has several comments on this point. 

l DOE’s statement that all residual radioactive materials would remain below a layer of 
clean soil must be supported by additional information. As described above, DOE’s 
proposed remedial action for soils and sediment involves only excavation of areas 
exceeding DOE’s cleanup limit for uranium. Given this, it appears unlikely that all 
areas with contamination below DOE’s cleanup limits will be covered with clean f?ll. 
However, even if DOE can support its assumption with additional information, the MCP 
requires that exposures to contamination at depth (up to 15 feet) be evaluated because 
of the possibility that future excavation could bring contaminated soils to the surface 
where exposure could occur. 
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l The evaluation of noncancer risks from uranium exposure only considers ingestion of 
uranium via soil ingestion and produce consumption. ‘The evaluation of noncancer risks 
should also include dermal contact with soil. 

. Noncancer risks Erom exposure to uranium should be considered in DOE’s risk 
assessment in addition to the risk assessment that will be done at a later date for 
chemical contamination at the Ventron site. As stated previousjy, the MCP requires an 
evaluation of cumulative cancer and noncancer risks at a site. Therefore, the evaluation 
of noncancer risks should include the contribution from both chemical and radiological 
contaminants. ORS notes that for cancer risks, it is not appropriate to add cancer risks 
f+om chemicals with radionuclides (EPA 1991). ‘Therefore, cancer risks fi-om 
radionuclides are compared with MCP risk limits separately fi-om cancer risks from 
chemicals. 

As stated in the exposure scenario section, a resident was assumed to spend 16 hours per 
day indoors and 0.5 hours per day outdoors. l’he sources for this assumption are EPA’s 
Exposure Factors Handbook and EPA’s Supplemental Guidance: Standard Default Exposure 
Factors. Based on a review of these documents, ORS cannot find a reference to 0.5 hours 
per day. 

For the purposes of risk chamcterizations performed under the MCP, the receptor group of 
concern should be chamcterized by those individuals whose activities (described by the 
fkquency and duration of the activities) represent afill a& unrestricted use of the site. 
ORS believes that assuming that a resident spends only 0.5 hours per day outdoors in his or 
her yard does not represent “full use” of the yard. ORS believes that 3 hours per day is an 
assumption that is more consistent with “full use” of a backyard. This assumption is 
documented in a Memorandum from M. Harvey to C. Rowan West dated September 4, 
1996. DOE could use an abemative’ assumption if there were reasons to believe that 
residents spend less time outdoors at this site &an at other areas. However, such an 
argument may not be plausible given the nature of the site. 

The report correctly states that DEP’s default exposure frequency for residential exposures is 
approximately 150 days per year (5 days per year from April through October). However, ~~.~~ _~ ~~~ 
siGchZZZ@iiT&quency IS fix outdoor exposure. For the record, DEP, notes that it also has 
a default exposure i?equency of 212 days per year (7 days per week from October through 
April) for indoor exposures to a young child aged 1 to 6. 

Exposure Point Concentrations were calculated as the 95% percentile confidence limit of the 
mean (XL,). This is a standard EPA practice and DEP recognizes that a benefit of this 
practice is that it compensates for sampling uncertainty. However, it is DEP practice to . 
calculate the EPC as the arithmetic mean A benefit to using the arithmetic mean rather 
than the UCL, is that the arithmetic mean concentration used in the risk assessment can also 
be used to generate cleanup requirements. 

The Risk Characterization Report does not clearly present the data that were used to 
calculate the EPC. The Risk Characterization should provide enough detail so that the EPC 
can be reproduced easily. 
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10. The MCP requires that separate EPCs be calculated for hotspots. Hotspots are specifically 
defined in the MCP at (3 10 CMR 40.0006). The Risk Characterization Report does not 
include au evaluation of whether there are any hotspots at the Ventron site. The Report 
should be revised to address hotspots if they exist. 

11. Table 3 provides best estimates of cancer risk as well as upper bound estimates of cancer 
risk. The upper-bound estimate of cancer risk for the residential scenario slightly exceeds 
DBP’s risk management criterion of 1 x 10”. ORS notes that “upper bound” and “best 

’ e&mate” are EPA terms. In exposure assessments done under the MCP, ORS uses a mix of 
conservative and mid-range exposure parameters to pro&ice a realistic upperend exposure 
estimate which wiU be protective of people making full and unrestricted use of the site. 
Del&It exposure parameters are contained in DEP Risk Assessment Guiclanee (DEP, 1995). 

The Risk Characterization Report states that the upper-bound estimate is less plausible than 
the best estimate and is not considered to accurately reflect post-remediation conditions srt 
the site. However, the Report does not clearly present the exposure assumptions used to 
generate the upper-bound estimate. If DOE believes that the best estimate rather than the 
upper-bound estimate is more reasonable for post-remediation conditions, it must 
demonstrate that assumptions used to generate the best estimate are wnsistent with DEP’s 
reguIa$ons and guidance. 

12. In an effort to relate DOE’s dose limits, to caucer risks from radionuclides, DOE used the 
RESIUD computer code, version 5.61 to calculate potential radiation doses and cancer risks 
to receptors. The RESIWD code calculates cancer risk using EPA-published cancer slope 
factors fbr individual radionuclides. ORS has the following wmments on the RBSIUD 
model. 

l The input parameters for the RESIUD code used to calculate risk include an 
assumption that radioactive wntamination is covered by a depth of either 0.8 or 0.15 
meters of clean soil. Asstated in a previous comment, DOE’s proposed remedial 
action for soils and sediment involves excavation only of areas exceeding DOE’s 
cleanup limit for uranium. Given this, it appears unlikely that all areas with 
con-on below DOE’s cleanup limits will be covered with C~UI fill.’ DOE 

-------should assume that exposure to wntammation at depth occurs unless it can be 
demonstmted that exPosure to soil at depth is restricted and wilI remain so into the 
futme. 

l It appears that risks from exposure to radon from uranium wntamination at the site 
were not included in the cancer risk estimates presented in Table 3. In accordance 
with the MCP requirement to evaluate cumulative risks to receptors from all . 
exposure pathways, radon risks should be included. 

l Based on review of the RESRAD data fdes, it appears that DOE used an exposure 
duration of 30 years in the risk calculations. However, this is not clearly stated in 
the Report. The Risk Characterization Report should clearly state the exposure 
duration assumed. 
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l Review of the RESRAD data files indicates that a value different from the default 
RESRAD wnsumption rate for fruit, vegetable, and grains was used. However, 
Appendix A states that the default value was used. ‘The Report should correct this 
inwnsistency and should provide the source of the value. 

l The following parameters were used in the RESMD calculations but are not 
included in Appendix A. DOE should add these parameters (and their values) to 
Appendix A: 

e cover erosion rate; and 
- inhalation shielding factor. 

ORS notes that the Risk Characterization Report prepared by DOE is based on an estimate of soil 
wncentrations that will exist after remediation occurs. Thus, this ris& chamcterization is not a valid 
basis for an RAO until cleanup occurs and sufkient post-remediation sampling is performed to 
wnfirm that the estimated soil wncentrations have been reached. 

If you have auy questions about this review, please wntact me at 413-784-1100 x 313. 

CC: Helen Waldorf 
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Massachusetts Department ofEnvironmental protection 
Bureau of Waste Site Cleanup (BWSC) 

TIER I PERMIT 

This Permit is Isued to: 

x One Permittee 

Cl More than One Permittee* 

*A list of all Permittees is attached. 

One Permittee: 

Name of Organization: Large Realty, Inc, 
Permittee Name: Large Realty, Inc. 
Title or c/o: Mr. David Altschuler 
Street: 220 BoyIston street 
City/Town: chestnut HiIl State: MA 
Telephone: (617) 332 - 2340 

DEP Finding Concerning Tier Classification 

For DEP Use Only 

Effective Date: 
Expiration Date: 

Zip code: 02167-2005 

0 Tier IA (BWSCOl) x Tier IB (BWSC02) 0 Tier IC (BWSCO3) Permit No. %591 

This permit authorizes the performance of comprehensive remedial response actions at: 

Disposal Site Number: 
Disposal Site Name: 
Street: 
City/Town: 

34123 
Gas Country Service Station (FMR) 
100 Derby street 
Hmgham State: MA Zip code: 02043 

Unless a request for an adjudicatory hearing is made pursuant to 310 CMR 40.0770, this permit shall be 
effective 21 days after the date of issuance by the Department and the receipt of the signed Permit Acceptance 
Statement, whichever is later. The Permittee has 30 days from the date of issuance of this Tier I Permit to sign 
and submit the completed Permit Acceptance Stakment to the Department. 

This permit shall expire years from its effective date. 5 

Tier I Permit 
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Permit Conditions: Pursuant to 310 CMR 40,074O: 

(1) The permittee performing response actions pursuant to this Tier I Permit shall 
comply at all times with M.G.L. c. 21E, 310 CMR 40.0000, the terms and conditions of the 
permit and any other applicable federal, state or local law. 

(2) In every proceeding, the burden shall be on the Permittee to demonstrate compliance 
with the terms and conditions of a permit at all times. 

(3) Each Permittee shall comply with: 
(a) submittal of a Class A, B or C Response Action Outcome Statement within five 
years of the effective date of the permit, unless otherwise provided in the permit; 
(b> submittal of a copy of the signed and completed Permit Acceptance Statement 
required by 310 CMR 40.0750(2) to the Chief Municipal Officer(s) and the local boards 
of health for the communities where the disposal site is located, and to any member of 
the public identified in the Department’s Statement of Basis. 
Cc) notification in writing to the Department: 

1. as required in 310 CMR 40.0500; 
2. upon gaining knowledge of any technical, financial or legal 

inability to perform any necessary response action, in 
accordance with 310 CMR 40.0172; 

3. upon a decision by a permittee who is performing response 
actions as an Other Person to not proceed as required by the 
permit; and 

4. of any change in the LSP of Record for the disposal site no later 
than ten days after the effective date of such change through 
the filing of a Minor Permit Modification by the permittee in 
accordance with 310 CMR 40.0725; 

Cd) compliance with: 
1. all applicable submittal requirements, including but not limited 

to, scopes of work, Status Reports, Completion Statements, 
Phase Reports, and RAOs; 

2. all requirements for record keeping and document retention, 
including but not limited to 310 CMR 40.0014, 310 CMR 
40.0022 and 310 CMR 40.0023; 

3. the Notification Regulations, 310 CMR 40.0300, in the event of 
discovery of new releases located at the disposal site, threat of 
release or Imminent Hazard: 

4. the management procedures for excavated soils and wastes and 
requirements for remedial air emissions set forth in 310 CMR 
40.0030 and 310 CMR 40.0040; and 

5. all public involvement activities required by 310 CMR 40.1400 
through 40.1406; 

(d inclusion of the Disposal Site Number and the permit number on documents submitted 
to the Department with respect to the disposal site; 
(0 certification of documents submitted to the Department as required by 310 CMR 
4o.ooo9; 
(8) evaluation of the need to perform Immediate Response Actions in accordance with 310 
CMR 40.0400 as new or additional information about the disposal site is obtained; 

Tier I Permit 
l/02/9& 2 
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01) modification or cessation of any response action as necessary to maintain 
compliance with any permit condition or to prevent an actual or potential threat to 
health, safety, public welfare, or the environment; 
(0 notification, orally or in writing, to the Department within seventy-two hours 
of obtaining knowledge of the need to modify or cease any response actions for the 
reasons in 310 CMR 40.0740(3)(h); provided that any such oral notification shall be 
confirmed by the permittee in writing within sixty days of such oral notice and any 
written notice shall include a Status Report prepared by an LSP; and timely remediation 
of any adverse impacts to health, safety, public welfare or the environment that result 
from the performance of response actions; 
0) at disposal sites where groundwater investigation is necessary, delineation of the 
vertical and horizontal extent of contamination, identification and confirmation of 
groundwater flow directions, identification of groundwater migration pathways, including 
but not limited to, the identification of possible partitioning of dissolved volatile organic 
compounds at the water table interface which may lead to vapor transport into 
subsurface structures, homes or other occupied or unoccupied buildings, and monitoring 
of groundwater wells, discharges and/or other monitoring points in a manner which 
provides for the timely development or representative information about conditions and 
changes in conditions at the disposal site; 
00 acquisition of all required federal, state and local permits; 
(1) proper operation and maintenance of all treatment, storage, abatement or 
control systems and of all equipment required to continue or complete response actions; 
Cm) authorization for personnel and authorized agents of the Department to enter, 
at reasonable times and upon the presentation of credentials, any premises owned or 
controlled by the permittee for the purpose of investigating, sampling, or inspecting any 
records, conditions, equ,ipment, practice or property relating to response actions at the 
disposal site, or protecting health, safety, public welfare, or the environment; .and 
@I notification upon a change of the Primary representative as required by 310 
CMR 40.0703(7), if one is designated. 

(4) A Tier I Permit does not grant any property rights or exclusive privileges, nor does it authorize 
any injury to private property or invasion of property rights. 

Sue&d Conditions: Pursuant to 310 CMR 40.0740(3)(o): 

Each permittee shall comply with all Special Conditions if attached to this permit in 
Attachment A. Special Conditions are included within this permit: 

0 Yes* X No 

*Note: Pursuant to 310 CMR 40.0722(6)(c). a “Statement of Basis” for this permit decision has been prepared 
by DEP if special conditions are included with this Permit. 

DEZ’ Authorization 

Issued by the Department of Environmental Protection: 

Name (Print): Date of Issuance: 

Signature 

Tier I Permit 
1/02/96n 3 
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Notice of Apwd Rights 

Any person aggrieved by a decision of the Department with respect to any Tier I permit 
application may request au adjudicatory hearing before the Department in accordance with 
M.G.L. c. 21E and 310 CMR 40.0050 and 40.0770, within 21 days of the date of issuance of the 
Tier I permit, if: 

4 

b) 

cl 

the Department issues a permit for a classification higher than that stated in the L,SP 
Tier Classification Opinion; or 
the Department denies the applicant a permit, unless the Department notifies the 
applicant in the permit decision that the Department intends to undertake or arrange 
for the performance of necessary response actions at the disposal site; or 
The Department imposes conditions pursuant to 310 CMR 40.0730(1)(h) and 
40.0740(3)(o) without the applicant’s consent. 

Tier I Permit 
1 JO2JP6n 
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Permit Acceptance Statement and 
Certification of Submittal 

Note: Each Permittee must complete this section and return the signed Permit Acceptance Statement 
and Certification of Submittal witbin 30 days of the date of issuance of this Permit decision. For 
disposal sites with more than one Permittee, make copies of this section, have each Permittee complete 
this information, and submit all copies to the Department along with the Acceptance Statement. 

Permit Acceptance Statement 

I accept this permit and agree to conduct all response actions at this disposal site in accordance with 
this Permit and the provisions of 310 CMR 40.0000. I am aware of the requirements set forth in 310 
CMR 40.0172 for notifying the Department in the event that I am unable to proceed with such response 
actions”‘. 

Largo Realty, Inc., by Neal M. Drawas, an LSP, working with Kroll Environmental Enterprises, 
Inc., under Power of Attorney dated: 

Position or title: 

Signature: 

Date: 

Certification of Submittal (The above prmittee must ako sign the fOflOWhlE CtdfkdO~~ 

I, attest under the pains and penalties of perjury (i) that I have personally 
examined and am familiar kb the information contained in this submittal, including any and all 
documents accompanying this submittal, (ii) that, based on my inquiry of those individuals immediately 
responsible for obtaining the information, the material information contained in this submittal is, to the 
best of my knowledge and belief, true, accurate and complete, and (iii) that I am fully authorized to 
make this attestation on behalf of the person or entity legally responsible for this submittal”!” I/the 
person or entity on whose behalf this submittal is made am/is aware that there are significant penalties, 
including, but not limited to , possible fines and imprisonment, for willfully submitting false, inaccurate 
or incomplete information. 

Largo Realty, Inc., by Neal M. Drawas, an LSP, working with Kroll Environmental Enterprises, 
Inc., under Power of Attorney dated: 

Position or title: 

Signature: 

Date: 

(1) Please Note: 
If any person other than those who are legally responsible for this submittal are going to sign the above 
Acceptance Statement and the Certification of Submittal, a written authorization, from each person(s) 
or entity(ies) who is/are legally responsible for this submittal, must be attached to this permit. 

Tier I Permit 
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This Attachment will be completed by DFiP 

ATI’ACHMENT A TO PERMIT NO. %591 

Each Permittee shall comply with the following special condition: 

X Check here if not applicable to this permit. 

6 



. . I48853 

Massachusetts Departmmt ofEnvironmental Protection 
Bureau of Waste Site Cleanup (BWSC) 

TIER I PERMIT 

This Permit is Issued to: For DEP Use Only 

x One Permittee 

Cl More than One Permittee* 

*A list of all Permittees is attached. 

One Permittee: 

Name of Organization: 
Permittee Name: 
Title or c/o: 
Street : 
City/Town: 
Telephone: 

Large Realty, Inc. 
Large Realty, Inc. 
Mr. David Altschuler 
220 Boylston Street 
chestnllt HilI State: MA 
(617) 332 - 2340 

Zip code: 02167-2005 

DEP Finding Concemin~ Tier Classification 

q Tier IA (BWSCOl) x Tier IB (BWSC02) tl Tier IC (BWSCOS) Permit No. 96591 

This permit authorizes the performance of comprehensive remedial response actions at: 

Disposal Site Number: 
Disposal Site Name: 
Street: 
City/Town: 

3-0123 
Gas Country !Serviee Station (PMR) 
100 Derby strfxt 
Hingham State: MA Zip code: 02043 

Unless a request for an adjudicatory hearing is made pursuant to 310 CMR 40.0770, this permit shall be 
effective 21 days after the date of issuance by the Department and the receipt of the signed Permit Acceptance 
Statement, whichever is later. The Permittee has 30 days from the date of issuance of this Tier I Permit to sign 
and submit the completed Permit Acceptance Statement to the Department. 

This permit shall expire years from its effective date. 5 

Tier I Permit 
1 ,#I? ,nL” 
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Permit Conditions: Purwant to 310 CMR 40.0740: 

(1) The permittee performing response actions pursuant to this Tier I Permit shall 
comply at all times with M.G.L. c. 21E, 310 CMR 40.0000, the terms and conditions of the 
permit and any other applicable federal, state or local law. 

(2) In every proceeding, the burden shall be on the Permittee to demonstrate compliance 
with the terms and conditions of a permit at all times. 

(3) Each Permittee shall comply with: 
(a> submittal of a Class A, B or C Response Action Outcome Statement within five 
years of the effective date of the permit, unless otherwise provided in the permit; 
@> submittal of a copy of the signed and completed Permit Acceptance Statement 
required by 310 CMR 40.0750(2) to the Chief Municipal Officer(s) and the local boards 
of health for the communities where the disposal site is located, and to any member of 
the public identified in the Department’s Statement of Basis. 
(cl notification in writing to the Department: 

1. as required in 310 CMR 40.0500; 
2. upon gaining knowledge of any technical, financial or legal 

inability to perform any necessary response action, in 
accordance with 310 CMR 40.0172; 

3. upon a decision by a permittee who is performing response 
actions as au Other Person to not proceed as required by the 
permit; and 

4. of any change in the LSP of Record for the disposal site no later 
than ten days after the effective .date of such change through 
the filing of a Minor Permit Modification by the permittee in 
accordance with 310 CMR 40.0725; 

(4 compliance with: 
1. all applicable submittal requirements, including but not limited 

to, scopes of work, Status Reports, Completion Statements, 
Phase Reports, and RAOs; 

2. all requirements for record keeping and document retention, 
including but not limited to 310 CMR 40.0014, 310 CMR 
40.0022 and 310 CMR 40.0023; 

3. the Notification Regulations, 310 CMR 40.0300, in the event of 
discovery of new releases located at the disposal site, threat of 
release or Imminent Hazard; 

4. the management procedures for excavated soils and wastes and 
requirements for remedial air emissions set forth in 310 CMR 
40.0030 and 310 CMR 40.0040; and 

5. all public involvement activities required by 310 CMR 40.1400 
through 40.1406; 

03 inclusion of the Disposal Site Number and the permit number on documents submitted 
to the Department with respect to the disposal site; 
0 certification of documents submitted to the Department as required by 310 CMR 
4o.ooo9; 
(g) evaluation of the need to perform Immediate Response Actions in accordance with 310 
CMR 40.0400 as new or additional information about the disposal site is obtained; 

Tier I Permit 
4 IM ,nr, 
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(h) modification or cessation of any response action as necessary to maintain 
compliance with any permit condition or to prevent an actual or potential threat to 
health, safety, public welfare, or the environment; 
0) notification, orally or in writing, to the Department within seventy-two hours 
of obtaining knowledge of the need to modify or cease any response actions for the 
reasons in 310 CMR 40.0740(3)(h); provided that auy such oral notification shall be 
confirmed by the permittee in writing within sixty days of such oral notice and any 
written notice shall include a Status Report prepared by an LSP; and timely remediation 
of any adverse impacts to health, safety, public welfare or the environment that result 
from the performance of response actions; 
0) at disposal sites where groundwater investigation is necessary, delineation of the 
vertical and horizontal extent of contamination, identification and confirmation of 
groundwater flow directions, identification of groundwater migration pathways, including 
but not limited to, the identification of possible partitioning of dissolved volatile organic 
compounds at the water table interface which may lead to vapor transport into 
subsurface structures, homes or other occupied or unoccupied buildings, and monitoring 
of groundwater wells, discharges and/or other monitoring points in a manner which 
provides for the timely development or representative information about conditions and 
changes in conditions at the disposal site; 
(k) acquisition of all required federal, state and local permits; 
(1) proper operation and maintenance of all treatment, storage, abatement or 
control systems and of all equipment required to continue or complete response actions; 
(m) authorization for personnel and authorized agents of the Department to enter, 
at reasonable times and upon the presentation of credentials, any premises owned or 
controlled by the permittee for the purpose of investigating, sampling, or inspecting any 
records, conditions, equipment, practice or property relating to response actions at the 
disposal site, or protecting health, safety, public welfare, or the environment; and 
0-4 notification upon a change of the Primary representative as required by 310 
CMR 40.0703(7), if one is designated. 

(4) A Tier I Permit does not grant any property rights or exclusive privileges, nor does it authorize 
any injury to private property or invasion of property rights. 

Special &n&iom: PWSEUlt t0 310 CMR40.0744M3XOk 
--_-~~_.~ - __. 

Each permittee shall comply with all Special Conditions if attached to this permit in 
AttacWt A. Special Conditions are included within this permit: 

Cl Yes* X No 

*Note: Pursuant to 310 CMR 40.0722(6)(c), a “Statement of Basis” for this permit decision has been prepared 
by DEP if special conditions are included with this Permit. 

DIP Authorization 

Issued by the Department of Environmental Protection: 

Name (Print): Date of Issuance: 

Signature 
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Notice of APT &ht.s 

any person aggrieved by a decision of the Department with respect to any Tier I permit 
application may request an adjudicatory hearing before the Department in accordance with 
M.G.L. c. 21E and 310 CMR 40.0050 and 40.0770, within 21 days of the date of issuance of the 
Tier I permit, if: 

a> 

b) 

c) 

the Department issues a permit for a classification higher than that stated in the LSP 
Tier Classification Opinion; or 
the Department denies the applicant a permit, unless the Department notifies the 
applicant in the permit decision that the Department intends to undertake or arrange 
for the performance of necessary response actions at the disposal site; or 
The Department imposes conditions pursuant to 310 CMR 40.0730(1)(h) and 
40.0740(3)(o) without the applicant’s consent. 

Tier I Permit 
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Permit Acceptance Statement and 
Certification of Submittal 

m Each Per&tee must complete this section and return the signed Permit Acceptance Statement 
and Certification of Submittal within 30 days of the date of issuance of this Permit decision. For 
disposal sites with more than one Permittee, make copies of this section, have each Permittee complete 
this information, and submit all copies to the Department along with the Acceptance Statement. 

Permit Acceptance Statement 

I accept this permit and agree to conduct all response actions at this disposal site in accordance with 
this Permit and the provisions of 310 CMR 40.0000. I am aware of the requirements set forth in 310 
CMR 40.0172 for notifying the Department in the event that I am unable to proceed with such response 
actions’“. 

Largo Realty, Inc., by Neal M. Drawas, an LSP, working with Kroll Environmental Enterprises, 
Inc., under Power of Attorney dated: 

Position or title: 

Signature: 

Date: 

Certification of Submittal (The above wxmittee must also sign the following certifications 

I, attest under the pains and penalties of perjury (i) that I have personally 
examined and am familiar kith the information contained in this submittal, including any and all 
documents accompanying this submittal, (ii) that, based on my inquiry of those individuals immediately 
responsible for obtaining the information, the material information contained in this submittal is, to the 
best of my knowledge and belief, true, accurate and complete, and (iii) that I am fully authorized to 
make this attestation on behalf of the person or entity legally responsible for this submittal”x!’ I/the 
person or entity on whose behalf this submittal is made am/is aware that there are significant penalties, 
including, but not limited to , possible fines and imprisonment, for willfully submitting false, inaccurate 
or incomplete information. 

Largo Realty, Inc., by Neal M. Drawas, an LSP, working with Kroll Environmental Enterprises, 
Inc., under Power of Attorney dated: 

Position or title: 

Signature: 

Date: 

(1) Please Note: 
If any person other than those who are legally responsible for this submittal are going to sign the above 
Acceptance Statement and the Certification of Submittal, a written authorization, from each person(s) 
or entity(ies) who is/are legally responsible for this submittal, must be attached to this permit. 

Tier I Permit 
1/02/96n 5 
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This Attachment will be completed by DFsP 

ATTACHMENT A TO PERMIT NO. %591 

Each Permittee shall comply with the following special condition: 

X Check here if not applicable to this permit. 

6 
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